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Advanced and Preliminary Information 
In this data book the following conventions 
are used in designating a data sheet "Ad­
vanced" or "Preliminary:" 

Advance Information-
Indicates a product still in the design cycle, 
and any specifications are based on design 
goals only. Do not use for final design. 

Preliminary Data-
Indicates a product not completely re­
leased to production. The specifications 
are based on preliminary evaluations and 
are not guaranteed. Small quantities are 
available, and Silicon Systems should be 
consulted for current information. 



DISCLAIMER 

All products listed herein and subsequently sold by Silicon Systems, Inc. are covered by the warranty, limitation 
of liability and patent indemnification provisions reflected in the Silicon Systems Order Acknowledgement Form 
only. Silicon Systems, Inc. makes no warranty, express or implied, statutory or by description regarding the 
information set forth herein and/or freedom from patent infringement. Silicon Systems, Inc. reserves the right to 
discontinue production, change specifications and prices at any time and without notice. 

Applications requiring mechanical and electrical parameters outside of the published specifications are. not 
recommended without additional review and acceptance by Silicon Systems, Inc. Silicon Systems, Inc. further 
assumes no responsibility for the use of any integrated circuit technology other than integrated circuit technology 
embodied in a Silicon Systems, Inc. product. These products are not authorized for use as components in life 
support devices or systems. No patents or licenses regarding the integrated circuit technology herein are implied 
unless otherwise stated. 
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STORAGE PRODUCTS REFERENCE 

~I I EI l•I .... > ... ..... :.,.,.; 
' 
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HDD READ/WRITE AMPUFIERS 

SSl32R117/117R 3 Terminal 2,4,6 2.1 20 100 10 to 50 +5,+12 TTL 8.0(0-pk) 

SSI 32R501 /501 R 3 Terminal 4,6, 8 1.5 23 100 10 to 50 +5,+12 TTL 7.5 (0-pk) 

SSI 32R51 OA/510AR 3Terminal 2,4, 6 1.5 20 100 10 to 40 +5,+12 TTL 7.0 (O-pk) 

SSI 32R511/511R 3 Terminal 4,6, 8 1.5 20 100 10 to 40 +5,+12 TTL 7.0 (O-pk) 

SSI 32R516 3Terminal 4,6, 8 1.3 18 120 10 to 60 +5,+12 TTL 7.0 (0-pk) 

SSI 32R5161R 3Terminal 10 1.3 18 150 10 to 60 +5,+12 TTL 7.0(0-pk) 

SSI 32Rl 200/1201 3 Terminal 2,4 1.2 17 200 15 to 50 +5 TTL 6.0(0-pk) 

SSI 32R1220/21/22 3Terminal 2,4 0.8 17 250 15 to 40 +5 TTL 6.0(0-pk) 

SSI 32R512/512R 2Tenminal 8, 9 0.85 35 150 10 to 40 +5,+12 TTL 7.0 (pk-pk) 

SSI 32R5121 /5121 R 2Tenminal 14 0.85 35 250 10 to 40 +5,+12 TTL 7.0 (pk-pk) 

SSI 32R521/521 R 2Terminal 6 0.9 65 150 20 to 70 +5,+12 TTL 3.4 (pk-pk) 

SSI 32R5211 2Tenminal 6 0.9 65 250 20 to 70 +5,+12 TTL 3.4 (pk-pk) 

SSI 32R522/ 522R 2Tenminal 4,6 1.0 32 100 6 to 35 +5,+12 TTL 3.4 (pk-pk) 

SSI 32R524R 2Tenminal 8 0.75 60 100 20 to 60 +5,+12 TTL 7.0 (pk-pk) 

~ I SSI 32R525R 2Tenminal 4 0.8 35 150 25 to 40 +5,-5 Differential I Differential 3.8 (pk-pk) 

SSI 32R528R 2Terminal 8, 9 0.85 35 150 10 to 40 +5,+12 Differential 7.0 (pk-pk) 

SSI 32R5281 R 2Terminal 14 0.85 35 250 10 to 40 +5,+12 Differential 7.0 (pk-pk) 

SSI 32R2010R/2011 2 Tenminal 10, 16 0.84 26 150 10 to 25 +5, +12 Differential 7.0 (pk-pk) 

SSI 32R2015R 2Terminal 10, 16 0.84 26 150 10 to 25 +5,+12 TTL 7.0 (pk-pk) 

SSI 32R2020R/2021 R 2Terminal 2,4, 10 0.8 20 300 5 to 35 +5 TTL 3.4(pk-pk) 

SSI 32R2030A/2031 A 2Terminal 2,4 0.85 35 250 10 to 35 +5 TTL 3.4(pk-pk) 

SSI 32R4610A/4611A 2Terminal 2,4, 8 0.85 35 200 10to35 +5 TTL 3.4(pk-pk) 

HDD PULSE DmC1'ION 
SSI 32P541 Read Dalo Processor AGC., Amplitude & Time Pulse Qualification, RLL Compatible 

SSI 32P541B Read Dalo Processor 32P541 pin compatible, 32P541 A w/ Increased Dalo Rate lo 24 Mbit/ s 

SSl32P544 Pulse Detector 32P54Hype Pulse Detector w/ Embedded Servo Electronics 

SSl32P547 Pulse Detector 32P544-type Pulse Detector w/ Filter Multiplexer, Pulse Slimming Support 

SSl32P549 Read Dalo Processor 32P541 pin compatible, Law Power, +5V only, Enhanced Write lo Read Recovery 

SSl32P5491 Read Dalo Processor 32P549 pin compatible, 5 mW Idle Mode power, Pd = 170 mW 

SSI 32P3000 Pulse Detector I Programmable Filter 48 Mb/s Pulse Detector w/9-27 MHz Bessel filter, +5V only 

SSI 32P3010 Pulse Detector / Programmable Filter 48 Mb/s Pulse Detector w/9-27 MHz Bessel filter, 4-burst servo capture 

SSI 32P3030 Pulse Detector I Servo Demodulator Pulse Detector w/2-burst servo demodulator, +5V only 

SSI 32P3040 Pulse Detector I Programmable Filter 24-32 Mbit/s Pulse Detector w/2.5-13 MHz Bessel Filter, +5V only 



--;,.-·-. ---~-· -

STORAGE PRODUCTS REFERENCE 
HDD READ CHANNEL COMBINATION DEVICES 

SSI 3204420 Programmable Filter / Time Base Generator 7-pole Equiripple Filter, Control DACs, 72 MHz Frequency Synthesizer 

SSI 32P548 Pulse Detector / Data Synchronizer 32P544-type w I 2, 7 Synchronizer, Low Power, +5V only, <700 mW 

SSI 32P5481 Pulse Detector / Data Synchronizer Low power 32P548-type device (375 mW) 

SSI 32P5482 Pulse Detector / Data Synchronizer Low power 32P548-type device (350 mW), no Write Precompensation 

SSI 32P4620 Pulse Detector I Dalo Separator 32P541-type + 320537-type Dalo Separatorw/Pulse Slimming & Constant Density Recording Support 

SSI 32P4622 Pulse Detector I Dalo Separator 32P541-type + 320537-type, no Filter Section, 52-pin QFP, 900 mW 

SSI 32P4720 Pulse Detector / Dalo Separator 32P548-type + i, 7 ENDEC, Window Shift, Power-down, 52-pin QFP, 650 mW 

SSI 32P4721 Pulse Detector I Dalo Separator 32P4720 @12 to 24 Mbit/s, <700 mW 

HDD AC11VE FILTERS 
SSI 32F8000 Programmable Channel Filter 7-Pale Equiripple Active Filter, Programmable Cutoff Frequency/ Pulse Slimming, 9 - 27 MHz 

SSI 32F8011 Programmable Channel Filter 7-Pole Bessel Active Filter, Programmable Cutoff Frequency I Pulse Slimming, 5 - 13 MHz 

SSI 32F8020 Programmable Channel Filter 7-Pole Equiripple Active Filter, Programmable Culoll Frequency I Pulse Slimming, 1.5 - 8 MHz 

SSI 32F8030 Programmable Channel Filter 7-Pale Equiripple Active Filter, Programmable Culofl Frequency I Pulse Slimming, 250 kHz - 2.5 MHz 

SSI 32F8120 Digitally Programmable Filter 32F8020 with serial port and DACs 

SSI 32F8130/31 Digitally Programmable Filter 32F8030with serial port and DACs I 32F8131 • 150 kHz< Fe< 1.5 MHz 

HDD DATA RECOYRY 
SSI 3204010 Data Separator Data Synchronizer I 1, 7 RLL ENDEC 12 lo 24 Mbit/s I Write Precompensation I Window Shift I Low Power 

~ SSI 3205321 Data Separator Data Synchronizer I 2, 7 RLL ENDEC 7.5 lo 10 Mbit/s 

SSI 3205322A Data Separator Data Synchronizer/ 2, 7 RLL ENDEC 7.5 lo 13 Mbit/s 

SSI 32D534A Data Separator Data Synchronizer I MFM ENDEC I Write Precompensation 

SSI 3205351A Dalo Separator Data Synchronizer I 2, 7 RLL ENDEC I Write Precompensation 8 lo 18 Mbit/ s 

SSI 3205362A Data Separator Data Synchronizer I 1, 7 RLL ENDEC / Wril8 Precompensation 10 lo 20 Mbit/ s 

SSI 3205371 /2 Data Separator Data Synchronizer I 1, 7 RLL ENDEC I Write Precompensation 12 1o 24 Mbit/ s 

SSI 3205373/ 4 Data Separator Data Synchronizer / 1, 7 RLL ENDEC / Write Precompensation 15 lo 32 Mbit/ s 

SSI 320539 Data Separator Data Synchronizer I 1 .7 RLL ENDEC I 8-bit parallel NRZ 24 lo 48 Mbit/ s 

SSI 3205391 Data Separator Dalo Synchronizer I 1, 7 RLL ENDEC I Serial NRZ 24 lo 40 Mbit/ s 

SSI 32D5392 Data Separator Data Synchronizer I 1, 7 RLL ENDEC / Dual-bit NRZ 24 lo 48 Mbit/ s 

SSI 3204660/1 /2 Time Base Generalor Up lo 100 MHz Reference Frequency PLC fur Constant Density Recording 

HDD .HEAD POSITIONING 

SSI 32H101 Preamplifier -Ferrite head AV= 93, BW • 10 MHz, e, • 7.0 nV/..JHz 

SSI 32H116A Preamplifier -Thin Film head AV• 250, 8W-20MHz,e,=0.94 nV/..JHz 

SSI 32H523R Servo Read/Write Single-channel Thin Film Read/Write Device 

SSI 32H566R Servo Read/Write Single-channel Ferrite Read/Write Device 

SSI 32H569 Servo Motor Driver Head Parking, Spindle Molor Braking 

SSI 32H4631 /32 Combo Servo & Molor Speed Control Embedded & Hybrid SOM>, Hall Sensor-les1 Motor Speed Control, +5V only, 3600 RPM (4631) 5400 RPM (4632) 

SSI 32H6110 Preamplifier-Thin Film head AV= 250or 300, BW = 20MHz, e, = 0.85 nV/..JHz 

SSl32H6210 Servo Demodulator Di-bit Quadralure Servo Pattern; PLL Synchronization AGC. Adjustment 

SSI 32H6220 Servo Controller Track & Seek Made Operation; Microprocessor Interface 
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HDD HEAD POSITIONING (Confinued) 

SS! 32H6230 Servo Motor Driver Head Parking, Spindle Motor Braking, Voltoge Clamp 

SS! 32H6240 Servo Motor Driver Predriver for Bipolar H-bridge 

SS! 32H6510 Servo 5V Driver Low Voltage Retract, 1 Q drivers 

SS! 32H6520 Servo Acquisition and D/ A 10-bit A/D D/ A circuits, DSP interface 

HDD SPINDLE MOTOR CONTROL 

SS! 32M593A 3-Phase Motor Speed Control ±0.037% Speed Accuracy; Bipolar Operation, 5 1/4" Drives 

SS! 32M594 3-Phase Motor Speed Control ±0.037% Speed Accuracy; Bipolar Operation, 3 1 /2" & 5 1/4" Drives 

SS! 32M595 3-Phase Sensor-less MSC Hall Sensor-less; Motor Speed Control 

SS! 32M7010 Motor Speed Control 5V Driver Hall Sensor-less; Commutator Digital Speed Control, 5V 1 Q Driver 

SSI 32M7011 Motor Speed Control 5V Commutator Hall Sensor-less; Commutator, 5V 1 Q Driver 

HDD CONTROLLER/INTERFACE 

SS! 32C260 PC AT /XT Combo Controller 15 Mb it/ s Combo Buffer Manager /Disk Controller/ AT /XT 

SS! 32C261 PC AT /XT Combo Controller IRLL 2, 7 ENDEC: SH-260 Compatible)/ AT/XT Interface 

SS! 32C4650 PC AT /XT Combo Controller 26 Mbit/s Disk Controller/AT/XT; SH-265 compotible 

SS! 32C4651 PC AT/XT Combo Controller 26 Mbit/s Disk Controller/AT/XT; SH-266 compatible; EISA Type-B Demand Mode Support 

SS! 32C9000 High Perf. PC AT Combo Controller 32 Mb it/ s; High Performance AT Disk Controller 

SS! 32C9001 PC AT Combo Controller 48 Mbit/s 

x SS! 32C9010 High Perl. SCSI Combo Controller 32 Mbit/s; SCSl-2 compatible; Fast SCSI; single ended 

SS! 32C9020 High Perl. SCSI Combo Controller 48 Mbit/s; SCSJ-2 compatible; Fast SCSI; single ended 

SS! 32C9022 Combo SCSI Controller Dual-Bit NRZ, 48 Mbit/ s 

SS! 32C9301 High Perl. AT Combo Controller 3V operation, 30 Mbit/s 

FLOPPY DISK DRIVES 

SSI 34D441 Data Separator High Performance Analog Data Seporator, NEC 765 Compotible 

SSl34P553 Pulse Detector / Data Synchronizer 0.6 - 1.6 Mbit/s data rate, MFM or 2, 7 Rll code 

SS! 34R575 Read/Write 2, 4 Channel Read/Write Circuit 

SS! 34B580 Support Logic Port Expander, Includes SA400 Interface Drivers/Receivers 
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DESCRIPTION 

The SSI 32R51 OA/51 OAR Read/Write devices are 
bipolar monolithic integrated circuits designed for use 
with center-tapped ferrite recording heads. They pro­
vide a low noise read amplifier, write current control 
and data protection circuitry for as many as six chan­
nels. The R option provides internal 7500 damping 
resistors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
They are available in a variety of package and channel 
configurations. 

SSI 32R510A/510AR 
4, 6 Channel 

Read/Write Devices 

November 1991 
FEATURES 

• High performance: 
• Read mode gain= 100 VN (32R510A) 
·Input noise= 1.5 nV/./HZ. max. 
- Input capacitance= 20 pF max. 
·Write current range= 10 mA to 40 mA 

• Enhanced system write to read recovery time 
• Power supply fault protection 

• Plug compatible to the SSI 32R117 
• Designed for center-tapped ferrite heads 

• Programmable write current source 
• Write unsafe detection 

• TTL compatible control signals 

• +5V, +12V power supplies 

BLOCK DIAGRAM 
V001 VCC GNO wus 

ROX 

ROY 
s 
[ 7 

)? 
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••••••••••••••• VOLTAGE 

I oe';.~~OR 
HSO 

HS1 

HS2 

WC 

V002 VCT 

, . .., 
WRITE 

CURRENT 
SOURCE 

1-1 

.f /I 
~ ,J HOX 

.±.fil J HOY 

t j 
\. H1X 

0•·;:J H1Y 

1181[ H2X 

-H2Y 

1!00/MT H3X 

-H3Y -H4X 
;J H4Y 

::J H5X 

HSY 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R51 OA/51 OAR 
4, 6-Channel 
Read/Write Devices 

CIRCUIT OPERATION 

These devices address up to six center-tapped ferrite 
heads providing write drive or read amplification. Head 
selection and mode control is accomplished with pins 
HSn, CS, and RiW, as shown in Tables 1 & 2. Internal 
resistor pullups, provided on pins CS and R/W, will 
force the device into a non-writing condition if either 
control line is opened accidentally. 

TABLE 1: Mode Select 

~ RiW MODE 

0 0 Write 
0 1 Read 
1 x Idle 

TABLE 2: Head Select 

HS2 HS1 HSO HEAD 

0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 x None 

O = Low level 1 = High level X=Don't care 

WRITE MODE 

The write mode configures the device as a current 
switch and activates the Write Unsafe (WUS) detection 
circuitry. Write current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). 

The magnitude of the write current (0-pk) is pro­
grammed by an external resistor RWC, connected 
from pin WC to ground and is given by: 

IW= JL 
RWC 

where K is the Write Current Constant. In multiple 
device applications, a single RWC resistor may be 
made common to all devices. 

1-2 

Power supply fault protection improves data security 
by disabling the write current generator during a volt­
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry monitors voltage transi­
tions at the selected head connections and flags any of 
the conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the faun is corrected, are required to 
clear the WUS flag. 

• Head open • · Head center tap open 
• WDI frequency too low • Device in read mode 
• Device not selected • No write current 

To reduce internal power dissipation, an optional ex~ 
temal resistor, RCT, given by RCT s 1300 x 40/lw (lw 
in mA), is connected between pins VDD1 and VDD2. 
Otherwise connect pin VDD1 to VDD2. 

To initialize the Write Data Flip Flop (WDFF) to pass 
current through the X-side of the head, pin WDI must be 
low when the previous read mode was commanded. 

READ MODE 

The read mode configures the device as a low noise 
differential amplifier and deactivates the write current 
generator and write unsafe circuitry. The ROX and 
ROY outputs are emitter followers and are in phase 
with the ·x· and "Y" head ports. These outputs should 
be AC coupled to the load. The ROX, ROY common 
mode voltage is maintained in the write mode, minimiz­
ing the transient between write mode and read mode, 
substantially reducing the write to read recovery time in 
the subsequent pulse detection circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector, and switches the 
ROX, ROY outputs into a high irT\'.)edance state; This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 

1191 - rev. 
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PIN DESCRIPTION 

NAME 1/0 

HSO-HS2 I 

cs I 

R/W I 

wus o· 
WDI I 

HOX-HSX 1/0 
HOY-HSY 

RDX,RDY o· 
WC . 
VCT -

vcc -

VDD1 -
VDD2 -

GND -

DESCRIPTION 

Head Select 

Chip Select: a low level enables device 

Read/Write: a high level selects Read mode 

SSI 32R51 OA/51 OAR 
4, 6-Channel 

Read/Write Devices 

Write Unsafe: a high level indicates an unsafe writing condition 

Write Data In: negative transition toggles direction of head current 

X,Y head connections 

X, Y Read Data: differential read signal output 

Write Current: used to set the magnitude of the write current 

Voltage Center Tap: voltage source for head center tap 

+5V 

+12V 

Positive power supply for the center-tap voltage source 

Ground 

*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(All voltages referenced to GND. Currents into device are positive.) 

PARAMETER VALUE UNITS 

DC Supply Voltage VDD1 -0.3to+14 voe 
DC Supply Voltage VDD2 -0.3 to +14 voe 
DC Supply Voltage vcc -0.3to +6 voe 
Digital Input Voltage Range VIN -0.3 to VCC + 0.3 voe 
Head Port Voltage Range VH -0.3 to VDD1 + 0.3 voe 
WUS Pin Voltage Range Vwus -0.3to +14 voe 
Write Current (O-pk) lw 60 mA 

RDX, ADY Output Current lo -10 mA 

VCT Output Current Iver -60 mA 

WUS Output Current lwus +12 mA 

Storage Temperature Range Tstg -65 to 150 oc 
Lead Temperature PDIP, 260 oc 
(10 sec Soldering) 

Package Temperature PLCC, 215 oc 
SO (20 sec Reflow) 
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SSI 32R51 OA/51 OAR 
4, 6-Channel 
Read/Write Devices 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS 

VDD1 DC Supply Voltage 

vcc DC Supply Voltage 

Lh Head Inductance 

RD Damping Resistor 32R510A 

RCT* RCT Resistor lw=40mA 

lw Write Current (0-pk) 

Tj Junction Temperature Range 

MIN NOM MAX 

10.8 12.0 13.2 

4.5 5.0 5.5 

5 15 

500 2000 

123 130 137 

10 40 

+25 +135 

*For lw = 40 mA. At other lw levels refer to Applications Information that follows this specification. 

DC CHARACTERISTICS 

(Recommended operating conditions apply unless otherwise specified.) 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX 

VCC Supply Current Read/Idle Mode 35 

Write Mode 30 

VDD Supply Current Idle Mode 20 

(sum of VDD1 and VDD2) Read Mode 35 

Write Mode 20 +lw 

Power Dissipation (Tj = + 135°C) Idle Mode 400 

Read Mode 600 

Write Mode, lw = 40 mA, 800 
RCT= on 
Write Mode, lw = 40 mA, 600 
RCT= 1300 

1-4 

UNITS 

VDC 

VDC 

µH 

0 

0 

mA 

oc 

UNITS 

mA 

mA 

mA 

mA 

mA 

mW 

mW 

mW 

mW 
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DC CHARACTERISTICS (continued) 

DIGITAL 1/0 

PARAMETER 

VIL Input Low Voltage 

VIH Input High Voltage 

Ill Input Low Current 

llH Input High Current 

VOL WUS Output Low Voltage 

IOH WUS Output High Current 

WRITE MODE 

VCT Center Tap Voltage 

Head Current (per side) 

Write Current Range 

Write Current Constant "K" 

lwc to Head Current Gain 

Unselected Head Leakage Current 

ROX, RDY Output Offset Voltage 

ROX, RDY Common Mode 
Output Voltage 

ROX, ROY Leakage 

READ MODE 

VCT Center Tap Voltage 

Head Current (per side) 

Input Bias Current~r side) 

Output Offset Voltage 

Common Mode Output Voltage 

CONDITIONS 

VIL=O.BV 

VIH =2.0V 

10L=8mA 

VOH =5.0V 

Write Mode 32R510A 

Write Mode, 
0 s vcc s 3.7V, 
0 s VDD1s8.7V 

Write/Idle Mode 

Write/Idle Mode 

ROX, ROY=6V 
Write/Idle Mode 

Read Mode 

Read or Idle Mode 
0SVCCS5.5V 
0 s VD01 s 13.2V 

Read Mode 32R510A 

ReadMode 

1-S 

SSI 32R51 OA/51 OAR 
4, 6-Channel 

Read/Write Devices 

MIN NOM MAX UNITS 

0.8 VDC 

2.0 VDC 

-0.4 mA 

100 µA 

0.5 VDC 

100 µA 

6.0 VDC 

-200 200 µA 

10 40 mA 

2.375 2.625 

0.99 mAlmA 

85 µA 

-20 +20 mV 

5.3 VDC 

-100 100 µA 

4.0 voe 
-200 200 µA 

45 ~ 
-440 +440 mV 

4.5 6.5 voe 



SSI 32R51 OA/51 OAR 
4, 6-Channel 
Read/Write Devices 

DYNAMIC CHARACTERISTICS AND TIMING 
lw = 35 mA, Lh = 10 µH, Rd= 7500; f(WDI) = 5 MHz, CL(RDX, ROY) s; 20 pF. Recommended operating 
conditions apply unless otherwise specified. 

WRITE MODE 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Differential Head Voltage Swing 7.0 V(pk) 

Unselected Head Transient Current 2 mA(pk) 
Differential Output Capacitance 15 pF 
Differential Output Resistance 32R510A 10K o 

32R510AR 600 960 o 
WDI Transition Frequency WUS=low 250 KHz 

READ MODE 

Differential Voltage Gain 32R510A Vin - 1 mVpp@ 300 kHz 85 115 VN 
ZL(RDX), ZL(RDY) = 1 kn 

Dynamic Range DC Input Voltage, Vi, -2 +2 mv 
Where Gain Falls by 10% 
Vin = Vi + 0.5 mVpp 
@300kHz 

Bandwidth ("3dB) IZSI < 50, Vin = 1 mVpp 30 MHz 

Input Noise Voltage BW= 15 MHz, 1.5 nV/../Hz 
Lh = 0, Rh= 0 

Differential l~ut C~acitance f=5 MHz 20 _Ef 
Differential Input Resistance 32R514, f = 5 MHz 3.2K o 

32R514R, f = 5 MHz 500 1000 o 
32R510A, f = 5 MHz 2K o 
32R510AR, f = 5 MHz 460 860 o 

Common Mode Rejection Ratio Vern = VCT + 100 mVpp 50 dB 
@5MHz 

Power Supply Rejection Ratio 100 mVpp@ 5 MHz on 45 dB 
VDD1. VDD2 or vcc 

Channel Separation Unselected Channels: 45 I dB 
Vin=100 mVpp@5 MHz; 
Selected Channel: 
Vin=O mVpp 

Single Ended Output Resistance f =5 MHz 30 n 
Output Current AC Coupled Load, ±2.1 mA 

RDXto ROY 
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DYNAMIC CHARACTERISTICS AND TIMING (continued) 

SWITCHING CHARACTERISTICS 

PARAMETER CONDITIONS 

R/W To Write Mode Delay to 90% of 
Write Current 

R/W to Read Mode Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 

CS to Select Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 

CS to Unselect Delay to 90% Decay 
of Write Current 

HSO - HS2 to any head Delay to 90% of 100 mV 
10 MHz Read Signal 
Envelope 

WUS, Safe to Unsafe - TD1 lw = 35 mA, see Figure 1 

WUS, Unsafe to Safe - TD2 lw = 35 mA, see Figure 1 

Head Current 
(Lh = o µH, Rh= on, see Figure 1) 

Prop. Delay - TD3 From 50% Points 

Asymmetry WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 

Rise/Fall Time 10% - 90% Points 

1-7 

SSI 32R51 OA/51 OAR 
4, 6-Channel 

Read/Write Devices 

MIN NOM MAX UNITS 

1.0 µs 

1.0 µs 

1.0 µs 

1.0 µs 

1.0 µs 

1.6 8.0 µs 

1.0 µs 

25 ns 

2 ns 

20 ns 



SSI 32R51 OA/51 OAR 
4, 6-Channel 
Read/Write Devices 

WDI 

wus 

HEAD 
CURRENT 
(Ix- ly) 

TOO 

FIGURE 1: Write Mode Timing Diagram 

APPLICATIONS INFORMATION 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 
3 & 4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, 
the higher read back signal resulting from the higher input impedance can compensate for the higher input 
noise. Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst case Input Noise Conditions 

PARAMETER Tj:25°C Tj:135°C UNITS 

Inputs Noise Voltage (max.) 1.1 1.5 nV/-/Hz 

Differential Input Resistance (min.) 32R510AR 850 1000 n 
32R510A 15.4 29.4 Kn 

Differential Input Capacitance (max.) 11.6 10.8 pF 

TABLE 4: Key Parameters Under Worst case Input Impedance Conditions 

PARAMETER Tj:25°C Tj:135°C UNITS 

Inputs Noise Voltage (max.) 0.92 1.2 nV/-/Hz 

Differential Input Resistance (min.) 32R510AR 500 620 n 
32R510A 3.2 6.1 Kn 

Differential Input Capacitance (max.) 10.1 10.3 pF 
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SSI 32R51 OA/51 OAR 
4, 6-Channel 

Read/Write Devices 

APPLICATIONS INFORMATION (continued) 

+SV +12V 

see Note 1 

RCT~--~ 

0.111F.::C. 
2K VCC VDD1 VDD2 VCT 

READ 
DATA 

1------.i 'CS 

ROX 

ROY 

i--+--iQ D 1----i 

SSI 32P541 READ DATA PROCESSOR 

-----------------------t~IHSn 

-----------------------t~IWDI 

RWC 

sea Notes 

NOTES 

WC GND 

HOX 

HOY 

H1X 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

HSX 

HSY 

see Note2 

1. An extemal resistor, RCT, given by; RCT s; 130 ( 40/lw) where lw is the zero-peak write current in mA, can 
be used to limit intemal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Damping resistors not required on R versions. 

3. Limit DC current from ROX and ROY to 100 µA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire OR'ed. 

4. The power bypassing capacitor must be located close to the device with its ground returned directly to 
device ground, with as short a path as possible. 

5. To reefuce ringing due to stray capacitance this resistor should be located close to the device. Where this 
is not desirable a series resistor can.be used to buffer a long WC line. In multi-chip applications a single 
resistor common to all chips may be used. 

FIGURE 2: Typlcal Appllcatlon Diagram 

1-9 



SSI 32R51 OA/51 OAR 
4, 6-Channel 
Read/Write Devices 

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS 
(Top View) 

PACKAGE Oja 

2+Lead I SOL 80°Cfw 

HSO 28 HS1 28-Lead l SOL 70°C/W 

'0§ 2 27 HS2 

GNO 3 26 WOI cs 24 HSO 

HOX 4 25 V001 GNO 2 23 HS1 

HOY 5 24 V002 HOX 3 22 WOI 

H1X 6 23 VCT HOY 4 21 VDD1 

H1Y 7 22 HSX H1X 5 20 V002 

H2X 8 21 HSY H1Y 6 19 VCT 

H2Y 9 20 H4X H2X 7 18 H3X 

R/W 10 19 H4Y H2Y 8 17 H3Y 

WC 11 18 H3X R/W 9 16 NC 

NC 12 17 H3Y WC 10 15 NC 

ROX 13 16 wus ROX 11 14 wus 

ROY 14 15 vcc ROY 12 13 vcc 

6-CHANNEL 4-CHANNEL 
28-LEADSOL 24-LEADSOL 

ORDERING INFORMATION 

PART DESCRIPTION I ORDER NO. l PKG.MARK 
. 

SSI 32R510A 

4-Channel SOL I 32R5.1 OA-4CL J 32R510A-4CL 

6-Channel SOL _L 32R510A-6CL 32R510A-6CL 

SSI 32R51 OAR with Internal D~lllP_l_ng Resistor 

4-Channel SOL l 32R510AR-4CL 1 32R51 OAR-4CL 

6-Channel SOL 1 32R510AR-6CL l 32R51 OAR~6CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specificaoons at any time withoui notice. Accordingly, the reader is cauticined to verify that the data 
sheet is current before placing orders. · 

Silicon Systems, Inc., 14351 Mytord Road, Tustin; CA 92680 (714) 731-7110, FAX (714) 573~914 

©1990 Silicon Systems, Inc. 1-10 1191 -rev. 



RIR 

'CS' 

ROX 

RDV 

WDI 

WC 

HSO 

HSI 

HS2 

DESCRIPTION 

The SSI 32R512/512R Read/Write devices are bipolar 
monolithic integrated circuits designed for use with 
two terminal thin film recording heads. They provide a 
low noise read amplifier, write current control and data 
protection circuitry for eight or nine channels. Power 
supply fault protection is provided by disabling the write 
current generator during power sequencing. System 
write to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. They require +SV and 
+ 12V power supplies and are available in a variety of 
package configurations. A mirror image pinout option 
is available to simplify flex circuit layout in multiple R/W 
device applications. The SSI 32R512R option pro­
vides internal 1 ooon damping resistors. 

BLOCK DIAGRAM 

VDD1 VCC GND wus VDD2 
.r ,,("' ..r: ,,,,,,,.(}, ,.,,.("), 

/•'• }/: 

ftlll lr~r )ft > 
~=RJI t t > >.> ••·•••··.I< 2 )t ......... 

~~S~~T >> #7 Ii> 
''33'1 > } c 

;} MULTIPLEXER c 
~· •:::::: 

I Ta 

480~ •·,) 

T 01 ( 

WRITE 
CURRENT 
SD'-"CE 
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c 
c 
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>> 

SSI 32R512/512R 
8 & 9-Channel Thin Film 

Read/Write Device 

November 1991 
FEATURES 

• High performance: 
Read mode gain= 150 VN 
Input noise= 0.85 nV/./Hz max. 
Input capacitance = 35PF max. 
Write current range= 10 mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Plug compatible to the SSI 32R501 & SSI 32R511 

• Compatible with two & three terminal thin fllm heads 

• Write unsafe detection 

• +SV, + 12V power supplies 

• Mirror Image plnout option 

PIN DIAGRAM 

Iii HOX 32 GNO GNO 32 

HOY 2 31 N/C N/C 31 

I 

~ 
HIX 3 30 "CS "CS 30 t HOX 

R/W 29 H1Y 4 29 R/W 4 

;CT 
HOV 

H2X 28 WC WC 28 H2X 

':/ H2Y 6 27 ROY ROY 27 H2Y 

•t HIX 

H3X 7 26 ROX ROX 26 H3X 
HIV 

~ 
H3Y 8 25 HSO HSO 8 25 H3Y 

H2X H4X 24 HSI HSI 9 24 H4X 

;( H2V H4Y 10 23 HS! HS! 10 23 H4Y 

H5X 11 22 VCC vcc 11 22 H5X 

ii? 
H3X 

HSY 12 21 WDI WDI 12 21 H5Y 

~ 
H3V 

H6X 13 20 wus wus 13 20 H6X 
H4X • HSY 14 VOOI 14 
H4V 

H7X 15 V002 15 
H5X 

I 
H7Y 16 N/C 16 17 H7Y 

H5V 

HOX 
32·LEADSOW 32·LEADSOW 

HOV MIRROR 
H7X 

H7V 

CAUTION: Use handling procedures necessary 
for a static sensitive component 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R512 addresses up to nine two-terminai 
thin film heads providing write drive or read amplifica­
tion. Head selection and mode control is accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R512 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each high 
to low transition on pin WDI, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X­
direction of the head. 

The magnitude of the write current (0-pk) given by: 
lw= Vwc 

RWC 

where Vwc (WC pin voltage) = 1.65V ± 5%, is pro­
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 

Ix y- lw 
' 1 +RtvRd 

where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt­
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collectoroutputpin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 

• WDI frequency too low • Device in read mode 
• Device not selected • No write current 

Power dissipation in Write Mode may be reduced by 

resistor value should be chosen such that lw Aw s 3.0V 
for an accompanying reduction of (lw)2 Aw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1 . Note that Aw will also provide 
current limiting in the event of a head short. 

READ MODE 

The read mode configures the SSI 32R512 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The ROX and ADY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The ROX, 
ADY common mode voltage is maintained in the write 
mode, minimizing the transient between write mode 
and read mode, substantially reducing the write to read 
recovery time in the subsequent Pulse Detection cir­
cuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
ROX, ADY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 

TABLE 1: Mode Select 

~ RIW MODE 
0 0 Write 
0 1 Read 
1 0 Idle 
1 1 Idle 

TABLE 2: Head Select .. 

HS3 HS2 HS1 HSO HEAD 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 

I \Y -0- \Y Cf 

placing a resistor, Aw, between VDD1 and VDD2. The o =Low level 1 = High level 
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PIN DESCRIPTIONS 

NAME TYPE 

HSO-HS3 I 

cs I 

R/W I 

wus O* 

WDI I 

HOX-HBX 110 
HOY-HSY 

ROX, ROY O* 

WC * 

vcc -
VDD1 -
VDD2 -
GND -

DESCRIPTION 

Head Select 

SSI 32R512/512R 
8 & 9-Channel Thin Film 

Read/Write Device 

Chip Select: a low level enables the device 

Read/Write: a high level selects Read mode 

Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 

Write Data In: a negative transition toggles the direction of the head current 

X, Y Head Connections: Current in the X-direction flows into the X-port 

X, Y Read Data: differential read data output 

Write Current: used to set the magnitude of the write current 

+5V Logic Circuit Supply 

+12V 

Positive Power Supply for Write current drivers 

Ground 

*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL VALUE UNITS 

DC Supply Voltage VDD1, 2 -0.3to +14 voe 
vcc -0.3to +7 voe 

Write Current lw 100 mA 

Digital Input Voltage Vin -0.3 to vcc +0.3 voe 
Head Port Voltage VH -0.3 to VDD2 +0.3 voe 
WUS Pin Voltage Range Vwus -0.3to +14 voe 
Output Current ROX, ROY lo -10 mA 

wus lwus +12 mA 

Storage Temperature Tstg -65to +150 oc 

1-13 



SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

DC Supply Voltage 

SYMBOL VALUE 

VDD1 12± 10% 

VDD2 VDD1 - 3.0 to VDD1 

vcc 5± 10% 

Operating Temperature Tj +25 to +135 

DC CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM 

VDD1 Supply Current Read Mode - -
Write Mode - -
Idle Mode - -

VDD2 Supply Current Read Mode - -
Write Mode - -
Idle Mode - -

VCC Supply Current Read Mode - -
Write Mode - -
Idle Mode - -

Power Dissipation (Tj = +135°C) Read Mode - -
Write Mode: lw = 20 mA, - -

VDD2= VDD1 

Write Mode: lw = 40 mA, - -
VDD1 - VDD2 = 3.0V 

Idle Mode - -
Input Low Voltage (VIL) - -
l!!E!Jt High Voltage (VIH) 2.0 -

ll'!Q.Ut Low CurrentjlllJ. VIL= 0.8V -0.4 -
ll'!Q.Ut H.!g_h CurrentjlHIJ. VIH = 2.0V - -
WUS Ou!Q!.Jt Low VoltC!Q_e_{_VOLl lol =8 mA - -
VDD Fault Voltage 8.5 -
VCC Fault Voltage 3.5 -
Head Current (HnX, HnY) Write Mode, 0:5 VCC :53.5V -200 -

0 :5 VDD1 :5 8.5V 

Read/Idle Mode -200 -
0 :5 VCC :5 5.5V 
0 :5 VDD1 :5 13.2V 

1-14 

UNITS 

VDC 

VDC 

VDC 
oc 

MAX UNITS 

34 mA 

38 mA 

14 mA 

200 µA 

IW+0.4 mA 

200 µA 
75 mA 

56 mA 

60 mA 

800 mW 

1000 mW 

1140 mW 

500 mW 

0.8 VDC 

- VDC 

- mA 

100 ~ 
0.5 VDC 

10.0 VDC 

4.2 VDC 

+200 µA 

+200 µA 

1191 - rev. 



1191 - rev. 

WRITE CHARACTERISTICS 

SSI 32R512/512R 
8 & 9-Channel Thin Film 

Read/Write Device 

Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 µH, Rh= 300 
and f(WDI) = 5 MHz. 

PARAMETER CONDITIONS MIN NOM MAX 

WC Pin Voltage (Vwc) 1.57 1.65 1.73 
Differential Head Voltage Swing 7 - -
Unselected Head Current - - 1 
Differential Output Capacitance - - 25 
Differential Output Resistance 32R512R 800 1000 1350 

32R512 4 - -
WDI Transition Fr~en~ WUS =low 1.7 - -
Write Current Range 10 - 40 

READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (ROX, ROY) < 20pF and 
RL (RDX,RDY) = 1 kn. 

PARAMETER CONDITIONS MIN NOM MAX 

Differential Voltage Gain Vin=1 mVpp @ 300 kHz 125 - 175 

Bandwidth 1-1dB 1Zsl<50 Vin=1 mVpp @ 300 kHz 25 - -
l-3dB 1Zaj_<50, Vin=1 mVpp@ 300 kHz 45 - -

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh= 0 - 0.62 0.85 

Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz - - 35 
Differential Input l 32R512R Vin = 1 mVpp,L = 5 MHz 390 - -
Resistance l 32R512 Vin = 1 mVpp, f = 5 MHz 640 - -
Dynamic Range DC input voltage where gain -3 - 3 

falls to 90% of its 0 voe value, 
Vin - voe +0.5 mVoo. f = 5 MHz 

Common Mode Rejection Ratio Vin = 0 VDC+ 100 mVpp@ 5 MHz 54 - -
Power Supply Rejection Ratio 100 mVpp@ 5 MHz on VDD1 54 - -

100 mVpp @ 5 MHz on VCC 
Channel Separation Unselected channels driven 45 - -

with 100 mVpp@5 MHz, 
Vin= O mVpp 

Output Offset Voltage -360 - +360 
ROX, ROY Common Mode Read Mode 2.2 2.9 3.6 
Ou!Q_ut Voltage Write Mode - 2.9 -
Si1!9!e Ended Ou~ Resistance L=5MHz - - 30 
Output Current AC Coupled Load, ROX to ROY 3.2 - -

1-15 

UNITS 

v 
Vpp 

mA_ll>l<l_ 
pF 
n 
kn 

MHz 
mA 

UNITS 

VN 

MHz 
MHz 

nV/VHz 

pF 
n 
n 

mV 

dB 
dB 

dB 

mV 
voe 
voe 
n 

mA 



SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 

5SWITCHING CHARACTERISTICS (See Figure 1) 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 µH, Rh = 300 
and f (WDI) = 5 MHz. 

PARAMETER CONDITIONS 

R/W 

R/W to Write Mode Delay to 90% of write current 

R/W to Read Mode Delay to 90% of 100 mV 10 MHz 
Read signal envelope or to 90% 
decay of write current 

cs 
CS to Select Delay to 90% of write current or to 

90% of 1 OOmV 1 OM Hz Read 
signal envelope 

CS to Unselect Delay to 90% of write current 

HSn 

HSO, 1, 2 to any Head Delay to 90% of 100 mV 10 MHz 
Read s_ig_nal envelim_e 

wus 
Safe to Unsafe - TD1 

Unsafe to Safe - TD2 

Head Current 

PrQJ:>. Delay_ - TD3 From 50% points Lh=Qg_h, Rh=Oil 

Asymmetry WDI has 50% duty cycle and 
1ns rise/fall time, Lh=Oµh, Rh=Oil 

Rise/Fall Time 10% - 90% points, Lh=Oµh, Rh=Oil 

WDI 

wus 
-TD2-1 --- TD1---'----+ 

- TD3 

HEAD 
CURRENT 
(Ix- ly) 

FIGURE 1: Write Mode Timing Diagram 

1-16 

MIN MAX UNITS 

- 0.6 µs 

- 0.6 µs 

- 0.6 µs 

- 0.6 µs 

- 0.4 µs 

0.6 3.6 µs 

- 1 µs 

- 32 ns 

- 1 ns 

- 9 ns 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 

Read/Write Device 

APPLICATIONS INFORMATION 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst case Input Noise Conditions 

PARAMETER Tj :25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.70 0.85 nVNHz 

Differential Input Resistance (Min.) 32R512R 539 595 n 
32R512 1200 1500 n 

Differential Input Capacitance (Max.) 32 34 pF 

TABLE 4: Key Parameters Under Worst case Input Impedance Conditions 

PARAMETER Tj =25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.58 0.71 nV/-/Hz 

Differential Input Resistance (Min.) 32R512R 391 458 n 
32R512 643 846 n 

Differential Input Capacitance (Max.) 33 35 pF 

1191 -rev. 1-17 



SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 

PACKAGE PIN DESIGNATIONS (Top View) 

HOX 32 GNO 

HOY 2 31 N/C 

H1X 3 30 cs 

H1Y 4 29 RIW 

H2X 5 28 WC 

H2Y 6 27 ROY 

H3X 7 26 ROX 

H3Y 8 25 HSO 

H4X 9 24 HS1 

H4Y 10 23 HS2 

HSX 11 22 vcc 

HSY 12 21 WDI 

H6X 13 20 wus 

HSY 14 19 V001 

H7X 15 18 V002 

H7Y 16 17 NIC 

8-Channel 
32-Lead sow 

HOX 34 GND 

HOY 2 33 HS3 

H1X 3 32 c:s 
H1Y 4 31 RiW 

H2X s 30 WC 

H2Y 6 29 ROY 

H3X 7 28 ROX 

H3Y 8 27 HSO 

H4X 9 26 HS1 

H4Y 10 25 HS2 

H5X 11 24 vcc 

HSY 12 WOI 

H6X 13 wus 

H6Y 14 21 V001 

H7X 15 V002 

H7Y 16 HSY 

N/C 17 HBX 

9-Channel 
34-Lead SOL 

GNO 32 HOX 

N/C 2 31 HOY 

cs 3 30 H1X 

RIW 4 29 H1Y 

WC 5 28 H2X 

ROY 6 27 H2Y 

ROX 7 26 H3X 

HSO 8 2S H3Y 

HS1 9 24 H4X 

HS2 10 23 H4Y 

vcc 11 22 HSX 

WOI 12 21 HSY 

wus 13 20 H6X 

VD01 14 19 HSY 

V002 1S 18 H7X 

NIC 16 17 H7Y 

8-Channel 
32-LeadSOW 

Mirror 

GND HOX 

HS3 2 HOY 

c:s 3 H1X 

RIW 4 31 H1Y 

WC 5 H2X 

ROY 6 H2Y 

ROX 7 H3X 

HSO 8 H3Y 

HS1 9 H4X 

HS2 10 H4Y 

vcc 11 H5X 

WDI 12 HSY 

wus 13 H6X 

VDD1 14 21 H6Y 

VDD2 15 H7X 

HSY 16 H7Y 

HSX 17 N/C 

9-Channel 
34-Lead SOL 

Mirror 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 

Read/Write Device 

THERMAL CHARACTERISTICS: 0ja 

32-LeadSOW 55°C/W 

34-Lead SOL 60°C/W 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 32R512 Read/Write IC 

8-Channel SOW 32R512-8CW 32R512-8CW 

9-Channel SOL 32R512-9CL 32R512-9CL 
·-----

SSI 32R512R with Internal Damping Resistor 

8-Channel SOW 32R512R-8CW 32R512R-8CW 

9-Channel SOL 32R512R-9CL 32R512R-9CL 

SSI 32R512M Mirror Image 

8-Channel SOW 32R512M-8CW 32R512M-8CW 

9-Channel SOL 32R512M-9CL 32R512M-9CL 

SSI 32R512RM Mirror Image with Damping Resistor 

8-Channel SOW 32R512RM-8CW 32R512RM-8CW 

9-Channel SOL 32R512RM-9CL 32R512RM-9CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1191- rev. 1-19 ©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32R5121/5121R Read/Write devices are bi­
polar monolithic integrated circuits designed for use 
with two terminal thin film recording heads. They pro­
vide a low noise read amplifier, write current control 
and data protection circuitry for up to 14 channels. 
Power supply fault protection is provided by disabling 
the write current generator during power sequencing. 
System write to read recovery time is significantly 
improved by controlling the read channel common 
mode output voltage shift in the write mode. They 
require +SV and +12V power supplies and are avail­
able in a variety of package configurations.The 
SSI 32R512R option provides internal 180Qdamping 
resistors. 

BLOCK DIAGRAM 
V001 VCC GNO wus V002 

1191 -rev. 1-21 

SSI 32R5121 /5121 R 
14-Channel Thin Film 

Read/Write Device 

IP I' 044 mt.1 i; ·k" '·' '' 
November 1991 

FEATURES 

• High performance: 
Read mode gain = 250 VN 
Input noise= 0.85 nV/v'Hi max. 
Input capacitance = 35 pF max. 
Write current range = 1 o mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Compatible with two & three terminal thin film heads 

• Write unsafe detection 

• +5V, +12V power supplies 

PIN DIAGRAM 

HOX 
H13X 44 H12Y 

HOY H13V 43 H12X 

H1X HOX 3 42 GND 

H1Y HOY 4 41 HS3 

H2X 
H1X 40 ~ 

H2Y 
H1V 39 A/ill 

H3X 

H3Y 
H2X 7 38 WC 

H4X H2V 37 RDV 

H4Y H3X 36 ROX 

H5X H3V 10 35 HSO 

HSY 
H4X 11 34 HS1 

H6X 

H6Y 
H4V 12 33 HS2 

H7X H5X 13 32 vcc 

H7Y H5V 14 31 WDI 

H6X H6X 15 30 wus 
H6V H6Y 16 29 GND 

H9X 
H7X 17 28 VDD1 

H9V 
H7Y 18 27 VDD2 

H10X 

H10Y H8X 19 26 H11Y 

H11X HSY 20 25 H11X 

HHY H9X 21 24 H10Y 

H12X H9Y 22 23 H10X 

H12Y 

H13X 44-LEADSOM 
H13Y 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R5121 /5121 R 
14-Channel Thin Film 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R5121 addresses up to 14 two-terminalthin 
film heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R5121 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between the 
X and Y direction of the selected head on each high to 
low transition on pin WDI, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X­
direction of the head, i.e., into the X-port. 

The magnitude of the write current (0-pk) given by: 

lw= Vwc 
RWC 

where Vwc (WC pin voltage) = 1.65V ± 5%, is pro­
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 

Ix y- lw 
' 1 + Rtv'Rd 

where: 

resistor value should be chosen such that lw Rw s; 3.0V 
for an accompanying reduction of (lw) 2 Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1 . Note that Rw will also provide 
current limiting in the event of a head short. 

READ MODE 

The read mode configures the SSI 32R5121 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The ROX and ADY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
ADY common mode voltage is maintained at the write 
mode valve, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse De­
tection circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
ROX, ROY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 

TABLE 1: Mode Select 

'OS' RIW MODE 
0 0 Write 
0 1 Read 
1 0 Idle 
1 1 Idle 

Rh= head resistance+ external wire resistance, and TABLE 2: Head Select 
Rd= damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt­
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 

• WDI frequency too low • Device in read mode 
• Device not selected • No write current 
• Open head 

Power dissipation in Write Mode may be reduced by 
placing a resistor, Rw, between VDD1 and VDD2. The 

1-22 

HS3 HS2 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 

HS1 HSO HEAD 
0 0 0 
0 1 1 
1 0 2 
1 1 3 
0 0 4 
0 1 5 
1 0 6 
1 1 7 
0 0 8 
0 1 9 
1 0 10 
1 1 11 
0 0 12 
0 1 13 
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PIN DESCRIPTION 

NAME TYPE 

HSO- HS3 I 

cs I 

R/W I 

wus o· 

WDI I 

HOX- H13X 1/0 
HOY-H13Y 

ROX, ADY o· 
WC . 
vcc -
VDD1 -
VDD2 -
GND -

DESCRIPTION 

Head Select 

SSI 32R5121 /5121 R 
14-Channel Thin Film 

Read/Write Device 

Chip Select: a low level enables the device 

Read/Write: a high level selects Read mode 

Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 

Write Data In: a negative transition toggles the direction of the head current 

X, Y Head Connections: Current in the X-direction flows into the X-port 

X, Y Read Data: differential read data output 

Write Current: used to set the magnitude of the write current 

+SV Logic Circuit Supply 

+12V 

Positive Power Supply for Write current drivers 

Ground 

*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL VALUE UNITS 

DC Supply Voltage VDD1, 2 -0.3 to +14 voe 
vcc -0.3 to +7 voe 

Write Current lw 100 mA 

Digital Input Voltage Vin -0.3 to VCC +0.3 voe 
Head Port Voltage VH -0.3 to VDD2 +0.3 voe 
WUS Pin Voltage Range Vwus -0.3to +14 voe 
Output Current ROX, ADY lo -10 mA 

wus lwus +12 mA 

Storage Temperature Tstg -65 to +150 oc 
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SSI 32R5121/5121 R 
14-Channel Thin Film 
Read/Write Device 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

DC Supply Voltage 

Operating Temperature 

DC CHARACTERISTICS 

SYMBOL VALUE 

VDD1 12± 10% 

VDD2 VDD1 - 3.0 to VDD1 

vcc 5±10% 

Tj +25 to +135 

Unless otherwise specified, recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM 

VDD1 Supply Current Read Mode - 24 

Write Mode - 34 

Idle Mode - 11 

VDD2 Supply Current Read Mode - 0 

Write Mode - lw 

Idle Mode - 0 

VCC Supply Current Read Mode - 52 

Write Mode - 35 

Idle Mode - 43 

Power Dissipation (Tj = + 135°C) Read Mode - -
Write Mode: lw = 20 mA, - -

VDD2= VDD1 

Write Mode: lw = 40 mA, - -
VDD1 - VDD2 = 3.0V 

Idle Mode - -
Input Low Voltage (VIL) - -
Input High Voltage (VIH) 2.0 -
Input Low Current (Ill) VIL= 0.8V -0.4 -
Input High Current (IHL) VIH = 2.0V - -
WUS Output Low Voltage (VOL) lol =8 mA - -
VDD Fault Voltage 8.5 -
VCC Fault Voltage 3.5 -
Head Current (HnX, HnY) Write Mode, -200 -

O~VCC~3.5V 

0 ~ VDD1~8.5V 

Read/Idle Mode, -200 -
O~VCC~5.5V 

0 ~ VDD1 ~13.2V 

1-24 

UNITS 

VDC 

voe 
VDC 
oc 

MAX UNITS 

36 mA 

46 mA 

16 mA 

200 µA 

lw + 0.4 mA 

200 µA 

73 mA 

54 mA 

58 mA 

800 mW 

1000 mW 

1150 mW 

500 mW 

0.8 VDC 

- VDC 

- mA 

100 µA 

0.5 VDC 

10.0 VDC 

4.2 VDC 

+200 µA 

+200 µA 
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SSI 32R5121 /5121 R 
14-Channel Thin Film 

Read/Write Device ------11 
WRITE CHARACTERISTICS 

1191 - rev. 

Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 500 nH, Rh = 30n 
and f(WDI) = 5 MHz. 

PARAMETER CONDITIONS MIN. NOM MAX UNITS 

WC Pin Voltage (Vwc) 1.57 1.65 1.73 v 

Differential Head Voltage Swing lw=40 mA 7 - - Vpp 

Unselected Head Current - - 1 mA(pk) 

Differential Output Capacitance - - 25 pF 

Differential Output Resistance 32R5121R 140 180 220 n 

32R5121 4K - - n 

WDI Transition Frequency WUS= low 1.7 - - MHz 

Write Current Range 10 - 40 mA 

READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (ROX, ADY) < 20pF and 
RL (RDX,RDY) = 1 kQ. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Differential Voltage Gain Vin=1 mVpp@ 300 kHz 210 250 290 VN 

Bandwidth l -1dB 1Zs1<5'2, Vin=1 mVpp@ 300 kHz - 30 - MHz 

J-3dB IZSl<5'2, Vin=1 mVpp@ 300 kHz 27 45 - MHz 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh= 0 - 0.62 0.85 nvt--.'Hz 

Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz - - 35 pF 

Differential Input l32R5121R Vin = 1 mVpp, f = 5 MHz 115 - - n 

Resistance j 32R5121 Vin = 1 mVpp, f =5 MHz 640 - - n 

Dynamic Range Peak-to-peak AC input voltage 2.0 - - mVpp 
where gain falls to 90% of its 
small signal value, f = 5 MHz 

Common Mode Rejection Ratio Vin = 0 VDC+ 100 mVpp@ 5 MHz 54 - - dB 

Power Supply Rejection Ratio 100 mVpp@ 5 MHz on VDD1 54 - - dB 
100 mVpp @ 5 MHz on VCC 

Channel Separation Unselected channels driven 45 - - dB 
with 100 mVpp@ 5 MHz, 
Vin= OmVpp 

Output Offset Voltage -600 - +600 mV 

ROX, ADY Common Mode Read Mode 2.2 2.9 3.6 voe 
Ou!put Volt~e Write Mode - 2.9 - voe 
Single Ended Output Resistance f = 5 MHz - - 30 n 

Output Current AC Coupled Load, RDX to ADY 3.2 - - mA 
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SSI 32R5121 /5121 R 
14-Channel Thin Film 
Read/Write Device 

SWITCHING CHARACTERISTICS (See Figure 1) 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 500 nH, Rh = 300 
and f(WDI) = 5 MHz. 

PARAMETER 

R/W 
R/W to Write Mode 
R/W to Read Mode 

Write Current 

WC Turn-on Time 
WC Turn-off Time 

cs 
CS to Select 

CS to Unselect 
HSn 

HSO, 1, 2 to any Head 

wus 
Safe to Unsafe - TD1 

Unsafe to Safe - TD2 
Head Current 

PrQE>. Del~ - TD3 
Asymmetry 

Rise/Fall Time 

WDI 

wus 
-TD2-1 

- TD3 
HEAD 

CURRENT 
( lx-ly) 

CONDITIONS 

Delay to 90% of write current 
Delay to 90% of 1 OOmV 1 OMHz 
Read signal envelope or to 90% 
decay of write current 

Lr= 300, Lh = 1µH, lw = 20 mA 

Lr= 300, Lh = 1µH, lw = 20 mA 

Delay to 90% of write current or to 
90% of 1 OOmV 1 OM Hz Read 
signal envelope 

Del~ to 90% of write current 

Delay to 90 % of 1 OOmV 1 OM Hz 
Read signal envelope 

From 50 % 2_oints, Lh=Oµh, Rh=OO 
WDI has 50 % duty cycle and 
1 ns rise/fall time, Lh=Oµh, Rh=OO 

10% - 90% points, Lh=Oµh, Rh=OO 

---TD1 ----• 

FIGURE 1: Write Mode Timing Diagram 
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MIN MAX UNITS 

- 0.6 µs 

- 0.6 µs 

320 ns 
160 ns 

- 0.6 µs 

- 0.6 µs 

- 0.4 µs 

0.6 3.6 µs 

- 1 µs 

- 32 ns 

- 1 ns 

- 9 ns 

1191 - rev. 



1191 - rev. 

APPLICATIONS INFORMATION 

SSI 32R5121 /5121 R 
14-Channel Thin Film 

Read/Write Device 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst case Input Noise Conditions 

PARAMETER Tj = 25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.70 0.85 nV/'1Hz 

Differential Input Resistance (Min.) 32R5121R 165 185 Q 

32R5121 1200 1500 Q 

Differential Input Capacitance (Max.) 32 34 pF 

TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 

PARAMETER Tj = 25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.58 0.71 nVt'-'Hz 

Differential Input Resistance (Min.) 32R5121R 115 125 Q 

32R5121 640 850 Q 

Differential Input Capacitance (Max.) 33 35 pF 
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SSI 32R5121 /5121 R 
14-Channel Thin Film 
Read/Write Device 

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: 0ja 
(Top View) 

44-Lead SOL 50°C/W 

44-PLCC 60°C/W 

H13X H12Y > x 1'i x > 0 
H13Y H12X 

)( 

~ ~ 
., ., 

"' iS 8! ~ £ £ I £ £ £ £ I 

HOX GND 

HOY HS3 

H1X "CS" 0 RJW 

H1Y AIR WIC 

H2X WC ROY 
H2Y ROY 

H3X ROX 
H3Y ROX 

H3Y HSO H4X HSO 

H4X HS1 
H4Y SSI 32R5121 - 14CH HS1 

H4Y HS2 

HSX VCC HSX HS2 

HSY WOI HSY vcc 

H6X wus H6X WOI 
HGV GND 

HSY wus 
H7X VDD1 

H7Y VOD2 H7X GND 

HBX H11Y 

HBY H11X ~ ~ > x > ~ ~ ~ :::: "' 0 ., 
"' "' 0 

H9X H10Y I I I I I £ £ £ £ 0 0 
> > 

H9Y H10X 

44-Pin SOM 44-Pin PLCC 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verily that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 1-28 1191 - rev. 



DESCRIPTION 

The SSI 32R516 is a bipolar monolithic integrated 
circuit designed for use with a center-tapped ferrite or 
MIG recording heads. The SSI 32R516 offers the 
performance upgrades of the SSI 32R511 along with 
improved head port characteristics and increased 
read gain. It provides a low noise read path, write 
current control, and data protection circuitry for as 
many as 8 channels. The SSI 32R516 requires +SV 
and + 12V power supplies and is available in a variety 
of packages. 

The SSI 32R516R perfonns the same function as the 
SSI 32R516 with the addition of internal 650'1 
damping resistors. The SSI 32R516M and SSI 
32R516RM are functionally equivalent to the 
SSI 32R516 and SSI 32R516R however, they have 
the mirror image pin arrangement to simplify layout 
when using multiple devices. 

SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 

I# i§ Ii; ,j "''I 1&§ 
November 1991 

FEATURES 

• High performance 
Read mode gain= 120 VN 
Input noise= 1.3 nV/.Jtii maximum 
Input capacitance = 18 pF 
Write current range = 1 O mA to 60 mA 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Pin compatible with the SSI 32R501 & 
SSI 32R511 

• Designed for center-tapped ferrite or MIG heads 

• Programmable write current source 

• Easlly multiplexed for larger systems 

• Includes write unsafe detection 

• TTL compatible control signals 

• +5V, + 12v power supplies 

• Mirror Image pin arrangements 

BLOCK DIAGRAM PIN DIAGRAM 
VDD1 VCC GND wus VDD2 VCT 

1191 - rev. 1-29 

HOX 

HOY 

H1X 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

HSX 

HSY 

H6X 

HSY 

H7X 

H7Y 

32-LEADSOW 

CAUTION: Use handling procedures necessary 
for a static sensitive ccmpcnent. 



SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R516 gives the user the ability to address up 
to 8 center-tapped ferrite heads and provide write drive 
or read amplification. Head selection and mode control 
is accomplished using the HSn, CS and R/W inputs as 
shown in tables 1 & 2. Internal pullups are provided for 
the CS & R/W inputs to force the device into a non­
writing condition if either control line is opened acciden­
tally. 

TABLE 1: Mode Select 

cg R/W MODE 

0 0 Write 
0 1 Read 
1 x Idle 

TABLE 2: Head Select 

HS2 HS1 HSO HEAD 

0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 

0 = Low level 1 = High level 

WRITE MODE 

Taking both CSand R/W low selects write mode which 
configures the SSI 32R516 as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the "X" side of the 
head. The zero-peak write current magnitude is pro­
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 

lw = K/Rwc, where K = Write Current Constant 

1-30 

The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 

• Head open • Head center tap open 
• WDI frequency too low • Device in read mode 
• Device not selected • No write current 

Two negative transitions on WDI, after the fault is 
corrected, wm clear the \AJUS flag. 

To further assure data security a voltage fault detection 
circuit prevents application of write current during 
power loss or power sequencing. 

To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 

Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 820 x 60/lw (lw in mA). At low 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom­
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 

READ MODE 

Taking CS low and R/W high selects read mode which 
configures the SSI 32R516 as a low noise differential 
amplifier for the selected head. The RDX and RDY 
outputs are driven by emitter followers and are in phase 
with the "X" and ''Y" head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. 

Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the "X" 
side of the head at a subsequent write mode selection. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the ROX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 

PIN DESCRIPTIONS 

NAME 1/0 DESCRIPTION 

HSO-HS2 I Head Select 

cs I Chip Select: a low level enables device 

R/W I Read/Write: a high level selects read mode 

wus o· Write Unsafe: a high level indicates an unsafe writing condition 

WDI I Write Data In: negative transition toggles direction of head current 

HOX-H?X 1/0 X,Y head connections 
HOY-H?Y 

ROX, ROY o· X, Y Read Data: differential read signal out 

WC . Write Current: used to set the magnitude of the write current 

VCT - Voltage Center Tap: voltage source for head center tap 

vcc - +5V 

VDD1 - +12V 

VDD2 - Positive power supply for the center tap voltage source 

GND - Ground 

*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 

PARAMETER VALUE UNITS 

DC Supply Voltage VDD1 -0.3 to +14 voe 
DC Supply Voltage VDD2 -0.3to+14 voe 
DC Supply Voltage vcc -0.3 to +6 voe . --:--

Digital Input Voltage Range VIN -0.3 to VCC + 0.3 voe 
Head Port Voltage Range VH -0.3 to VDD1 + 0.3 voe 
WUS Pin Voltage Range Vwus -0.3to+14 voe 
Write Current Zero Peak IW 90 mA 

ROX, RDy Output Current lo -10 mA 

VCT Output Current IVCT -90 mA 

WUS Output Current lwus +12 mA 

Storage Temperature Range Tstg -65 to 150 oc 
Lead Temperature PDIP, Flat Pack 
(10 sec Soldering) 260 oc 
Package Temperature PLCC, SO 
(20 sec Reflowl 215 oc 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 

RECOMMENDED OPERATION CONDITIONS 

PARAMETER CONDITIONS 

DC Supply Voltage VDD1 

DC Supply Voltage vcc 
Head Inductance Lh 

Damping Resistor RD 32R516only 

RCT Resistor RCT* lw=60mA 

Write Current IW 

Junction Temperature Range Tj 

MIN NOM MAX 

10.8 12.0 13.2 

4.5 5.0 5.5 

5 10 

500 2000 

82 

10 60 

+25 +135 

*For lw = 60 mA. At other lw levels refer to Applications Information that follows this specification. 

DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX 

VCC Supply Current Read/Idle Mode 30 

Write Mode 30 

VDD Supply Current Idle Mode 20 

(sum of VDD1 and VDD2) Read Mode 40 

Write Mode 20 + lw 

Power Dissipation (Tj = + 125°C) Idle Mode 400 

Read Mode 620 

Write Mode, IW = 45 mA, 800 
RCT= on 

Write Mode, IW = 45 mA, 610 
RCT = 11on 

Write Mode, IW = 60 mA 680 
RCT=820 
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UNITS 

voe 
voe 
µH 

n 

n 

mA 

oc 

UNITS 

mA 

mA 

mA 

mA 

mA 

mW 

mW 

mW 

mW 

mW 
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DC CHARACTERISTICS (continued) 

DIGITALl/O 

PARAMETER 

VIL ln~t Low Volt¥ 

VIH Input High Voltage 

Ill Input Low Current 

llH Input High Current 

VOL WUS Output Low Voltage 

IOH WUS Output High Current 

WRITE MODE 

Center Tap Voltage VCT 

Head Current (per side) 

Write Current Range 

Write Current Constant "K" 

Write Current Constant "K" 

lwc to Head Current Gain 

Unselected Head Leak¥ Current 

RDX, RDY Output Offset Voltage 

ROX, RDY Common Mode 
Ou!Q!Jt Volt~ 

RDX, RDY Leakage 

READ MODE 

Center Tap Voltage 

Head Current (per side) 

Input Bias Current (per side) 

Input Offset Voltage 

Common Mode Output Voltage 

CONDITIONS 

VIL= o.0v 
VIH=2.0V 

10L=8mA 

VOH =5.0V 

Write Mode 

Write Mode, 
0 s VCC s 3.7V, 
0 s VD01 s 8.7V 

IW= 10-45 mA 

IW=45-60 mA 

Write/Idle Mode 

Write/Idle Mode 

ROX, RDY =6V 
Write/Idle Mode 

Read Mode 

Read or Idle Mode 
0SVCCS5.5V 
0 s VDD1s13.2V 

Read Mode 

Read Mode 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 

MIN NOM MAX UNITS 

0.8 VDC 

2.0 vcc VDC 
+0.3 

-0.4 mA 

100 µA 

0.5 VDC 

100 µA 

6.9 VDC 

-200 200 µA 

10 60 mA 

2.375 2.625 

2.3 2.625 

0.99 mA/mA 

85 ~ 
-20 +20 mV 

5.5 voe 

-100 100 µA 

4.2 VDC 

-200 200 µA 

45 µA 

-4 +4 mV 

4.5 5.5 6.5 VDC 



SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 

DYNAMIC CHARACTERISTICS AND TIMING 
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 5 µH, 
Rd= 7500 (32R516) only, f(WDI) = 5 MHz, CL(RDX, ROY) S 35 pF.) 

WRITE MODE 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Differential Head Voltage Swing 7.0 V(pk) 

Unselected Head Transient Current 2 mA(pk) 

Differential Output Capacitance 15 pF 

Differential Output Resistance 32R516 10K n 
32R516R 430 650 870 Q 

WDI Transition Frequency WUS= low 125 kHz 

READ MODE 

Differential Voltage Gain Vin = 1 mVpp@ 300 kHz, 100 120 140 VN 
RL(RDX), RL(RDY) 
= 1 Kn 

Dynamic Range AC Input Voltage, Vi, -3 mVpp 
Where Gain Falls 
~ 10%. V + f = 300 KHz 

Bandwidth (-3dB) IZsl < 5'2, Vin = 1 mVpp 30 MHz 

Input Noise Voltage BW= 15 MHz, 1.0 1.3 nVt..fHZ 
Lh = 0, Rh= 0 

Differential Input C~acitance f = 5 MHz 14 18 j>F 

Differential IQQ..ut Resistance 32R516, f = 5 MHz 2K Q 

Differential Input Resistance 32R516R, f = 5 MHz 350 800 Q 

Common Mode Rejection Ratio Vern = VCT + 100 mVpp 50 dB 
@5MHz 

Power Supply Rejection Ratio 100 mVpp@5 MHz on 45 dB 
VDD1, VDD2 or VCC 

Channel Separation Unselected Channels: 45 dB 
Vin=100 mVpp@5 MHz; 
Selected Channel: 
Vin = O mV__QQ_ 

Single Ended Output Resistance f = 5 MHz 30 Q 

Output Current AC Coupled Load, ±2.1 mA 
RDXto ROY 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 

DYNAMIC CHARACTERISTICS AND TIMING (continued) 

SWITCHING CHARACTERISTICS 

PARAMETER 

R/WTo Write 

R/Wto Read 

CS to Select 

CS to Unselect 

HSO - HS2 to any head 

WUS, Safe to Unsafe - TD1 

WUS, Unsafe to Safe - TD2 

Head Current (Lh = 0 µH, Rh = On) 

Prop. Delay - TD3 

Asymmetry 

Rise/Fall Time 

WDI 

wus 
-m2-1 

- TD3 

HEAD 
CURRENT 
(Ix- ly) 

CONDITIONS MIN 

Delay to 90% of 
Write Current 

Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 

Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 

Delay to 90% Decay 
of Write Current 

Delay to 90% of 100 mV, 
10 MHz Read Signal 
Envelope 

lw = 35 mA 1.6 

lw=35mA 

From 50% Points 

WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 

10% - 90% Points 

---- TD1 ----• 

FIGURE 1: Write Mode Timing Diagram 
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NOM MAX UNITS 

.15 .7 J.lS 

.25 .7 J.lS 

.2 1.0 J.lS 

.1 1.0 J.lS 

.25 1.0 J.lS 

8.0 J.lS 

1.0 J.lS 

25 ns 

1 ns 

20 ns 

II 



SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 

+5V +12V 

see Note 1 

RCT ...--"----, 

0.1 µF.:J::. 
2K VCC VDD1 VDD2 VCT 

READ 
DATA 

------••! MICROPROCESSOR ----i>-----i WUS 

>------· RIW 
LOGIC 

SUPPORT 

SS! 32P541 READ DATA PROCESSOR 

ROX 

ROY 

-----------------------•IH& 

NOTES 

RWC 

seeNote5 

SS! 32R516 

WC GND 

HOX 

HOY 

HIX 

HIV 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

H5X 

H5Y 

H6X 

HSY 

H7X 

H7Y 

see Note 2 

1. An external resistor, RCT, given by; RCT = 82 (60/lw) where lw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Damping resistors not required on 32R516R versions. 
3. Limit DC current from RDX and RDY to 100 µA and load capacitance to 20 pF. In multi-chip application 

these outputs can be wire-OR'ed. 
4. The power bypassing capacitor must be located close to the 32R516 with its ground returned directly 

to device ground, with as short a path as possible. 
5. To reduce ringing due to stray capacitance this resistor should be located close to the 32R516. Where 

this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications 
a single resistor common to all chips may be used. 

FIGURE 2: Applications Information 
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PACKAGE PIN DESIGNATIONS (Top View) 

HOX 

H1X 3 

H1Y 4 

H2X 

H2Y 

H3X 7 32R516-6/ 22 ROX 
32R516R-6 

H3Y 8 6 21 HSO 
Channels 

VCT 13 16 wus 

V002 14 15 V001 

28-Lead SOL 

HOX 

ROY 

H3X 7 26 ROX 

H3Y ::,~~ 25 HSO 

H4X 9 Cha~nels 24 HS1 

32-LeadSOW 

1191 - rev. 

GNO 

N/C 

26 H1X 

H1Y 

WC 

ROY 

32R516M-61 
ROX 7 32R516RM-6 22 H3X 

6 
HSO Channels 21 H3Y 

HS1 

wus 

V001 

GNO 

N/C 

WC 

ROY 

ROX 

HSO 

HS1 

13 16 

14 15 

28-Lead SOL 
Mirror Image 

8 ;;:;11:~~8~ 25 

8 
Channels 24 

32-Lead SOW 
Mirror Image 

VCT 

V002 

H2Y 

H3X 

H3Y 

H4X 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 

HS2 19 

18 

8 
> 

17 16 15 14 13 

32R516-6/32R516R-6 
6 Channels 

12 

26 27 28 2 3 4 

= x 

28-Lead PLCC 

3a:::i:~ 19 
4 

Channels 18 

24-Lead SOL 

= -< 

ROX 

HSO 

HS1 

vcc 

11 H5X 

10 H4Y 

H4X 

8 H3Y 

H3X 

H2Y 

5 H2X 



SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 

PACKAGE PIN DESIGNATIONS (Continued) 

HOX 34 GNO 

HOY 33 N/C 

HlX 32 N/C 

HlY 31 l:S 

H2X 30 RiW 

H2Y 29 WC 

H3X 7 28 ROY 

H3Y 27 ROX 

H4X 9 32R516-8/ 26 HSO 

32R516R-B 
H4Y 10 8-Channels 25 HS1 

H5X 11 24 HS2 

HSY 12 23 vcc 

H6X 13 22 WDI 

H6Y 14 21 wus 

H7X 15 20 NIC 

H7Y 16 19 VDD1 

VCT 17 18 VDD2 

34-Lead SOL 

THERMAL CHARACTERISTICS: 

24-lead SOL 

28-lead PLCC 

SOL 

32-lead sow 

34-lead SOL 

44-lead PLCC 

1-38 

GNO 34 HOX 

N/C 33 HOY 

N/C 3 32 HlX 

l:S 31 H1Y 

RiW 5 30 H2X 

WC 29 H2Y 

ADY 7 28 H3X 

ROX 27 H3Y 

HSO 9 32R516-8/ 26 H4X 

32R516R-8 
HSl 10 8-Channels 25 H4Y 

HS2 11 24 H5X 

vcc 12 23 HSY 

WDI 13 22 H6X 

wus 14 21 HSY 

N/C 15 20 H7X 

VDD1 16 19 H7Y 

VDD2 17 18 VCT 

34-Lead SOL 
Mirror Image 

0ja 

80°C/W 

65°C/W 

10°c1w 

55°C/W 

50°C/W 

60°C/W 
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ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32R516 

4-Channel SOL 

6-Channel PLCC 

6-Channel SOL 

8-Channel SOW 

8-Channel SOL 

SSI 32R516R 

4-Channel SOL 

6-Channel PLCC 

6-Channel SOL 

8-Channel SOW 

8-Channel SOL 

SSI 32R516M 

6-Channel SOL 

8-Channel SOW 

8-Channel SOL 

SSI 32R516RM 

6-Channel SOL 

8-Channel SOW 

8-Channel SOL 

ORDER NO. 

32R516-4CL 

32R516-6CH 

32R516-6CL 

32R516-8CW 

32R516-8CL 

32R516R-4CL 

32R516R-6CH 

32R516R-6CL 

32R516R-8CW 

32R516R-8CL 

32R516M-6CL 

32R516M-8CW 

32R516M-8CL 

32R516RM-6CL 

32R516RM-8CW 

32R516RM-8CL 

SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 

Read/Write Device 

PKG.MARK 

32R516-4CL 

32R516-6CH 

32R516-6CL 

32R516-8CW 

32R516-8CL 

32R516R-4CL 

32R516R-6CH 

32R516R-6CL 

32R516R-8CW 

32R516R-8CL 

32R516M-6CL 

32R516M-8CW 

32R516M-8CL 

32R516RM-6CL 

32R516RM-8CW 

32R516RM-8CL 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714)573-6914 

1191 - rev. 1-39 ©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32R5161 Risa bipolar monolithic integrated 
circuit designed for use with a center-tapped ferrite or 
MIG recording heads. The SSI 32R5161 R offers the 
performance upgrades of the SSI 32R511 along with 
improved head port characteristics and increased 
read gain. It provides a low noise read path, write 
current control, and data protection circuitry for as 
many as 10 channels. The SSI 32R5161R requires 
+5V and + 12V power supplies and is available in a 
variety of packages. 

SSI 32R5161 R 
10-Channel Ferrite/MIG 

Read/Write Device 

November 1991 

FEATURES 

• High performance 
Read mode gain= 150VN 
Input noise= 1.3 nVNHz maximum 
Input capacitance = 18 pF 
Write current range= 10 mA to 60 mA 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Designed for center-tapped ferrite or MIG heads 

• Programmable write current source 

• Easily multiplexed for larger systems 

• Includes write unsafe detection 

• TTL compatible control signals 

• +5V, + 12V power supplies 

BLOCK DIAGRAM PIN DIAGRAM 
V001 VCC GNO wus V002 VCT 

H9Y H9X HBY H6X 

1191 -rev. 1-41 

HOX 1 36 GNO 

HOY 2 35 HS3 
HOX 

H1X 3 3ol "CS 
HOY 

H1Y 4 33 AIW 
H1X 

H2X 5 32 WC 

H1V 
H2Y 6 31 ROY 

H2X 
H3X 7 30 ROX 

H2Y H3Y • "" HSO 

H3X H4X • 28 HS1 

H3Y H4Y 10 'Z1 HS2 

H4X H5X 11 28 vcc 

H4Y HSY 12 25 WOI 

HSX H6X 13 24 wus 

HSY H&Y 14 23 V001 

H6X H7X 15 

H6Y H7Y 16 21 VCT 

H7X H6X 17 

H7Y 
H6Y 18 

36-LEADSOM 

CAUTION: Use handling procedures necessary 
for a slatic sensitive component. 
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SSI 32R5161 R 
10-Channel Ferrite/MIG 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R5161 R gives the user the ability to address 
up to 10 center-tapped ferrite heads and provide write 
drive or read amplification. Head selection and mode 
control is accomplished using the HSn, CS and R/W 
inputs as shown in tables 1 & 2. Internal pullups are 
provided for the CS & R/W inputs to force the device 
into a non-writing condition H either control line is 
opened accidentally. 

TABLE 1: Mode Select 

cs R/W MODE 

0 0 Write 
0 1 Read 
1 x Idle 

TABLE 2: Head Select 

HS3 HS2 HS1 HSO HEAD 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 

_a_ 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 

0 = Low level 1 = High level 

WRITE MODE 

Taking both CS and R/W low selects write mode which 
configures the SSI 32R5161 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the "X" side of the 
head. The zero-peak write current magnitude is pro­
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 

lw = K/Rwc, where K = Write Current Constant 

The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 

• Head open • Head center tap open 
• WDI frequency too low • Device in read mode 
• Device not selected • No write current 

Two negative transitions on WDI, after the fault is 
corrected, wiii clear the 'NUS flag. 

To further assure data security a voltage fault detection 
circuit prevents application of write current during 
power loss or power sequencing. 

To enhance write to read recovery time the change in 
RDX, ADY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 

Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 82Qx 60/lw (lw in mA). At low 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom­
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 

READ MODE 

Taking CS low and R/W high selects read mode which 
configures the SSI 32R5161 R as a low noise differen­
tial amplifier for the selected head. The RDX and ADY 
outputs are driven by emitterfollowers and are in phase 
with the "X" and "Y" head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. 
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Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the "X" 
side of the head at a subsequent write mode selection. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 
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PIN DESCRIPTION 

NAME 110 

HSO-HS2 I 

cs I 

R/W I 

wus o• 
WDI I 

HOX-H7X 1/0 
HOY-H7Y 

ROX, ROY o· 
WC • 
VCT -
vcc -
VDD1 -
VDD2 -
GND -

DESCRIPTION 

Head Select 

SSI 32R5161 R 
10-Channel Ferrite/MIG 

Read/Write Device 

Chip Select: a low level enables device 

Read/Write: a high level selects read mode 

Write Unsafe: a high level indicates an unsafe writing condition 

Write Data In: negative transition toggles direction of head current 

X,Y head connections 

X, Y Read Data: differential read signal out 

Write Current: used to set the magnitude of the write current 

Voltage Center Tap: voltage source for head center tap 

+SV 

+12V 

Positive power supply for the center tap voltage source 

Ground 

*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 

PARAMETER VALUE UNITS 

DC Supply Voltage VDD1 -0.3 to +14 voe 
DC Supply Voltage VDD2 -0.3 to +14 voe 
DC Supply Voltage vcc -0.3to +6 voe 
Digital Input Voltage Range VIN -0.3 to VCC + 0.3 voe 
Head Port Voltage Range VH -0.3 to VDD1 + 0.3 voe 
WUS Pin Voltage Range Vwus -0.3to +14 voe 
Write Current Zero Peak IW 90 mA 

ROX, RDy Output Current lo -10 mA 

VCT Output Current Iver -90 mA 

WUS Output Current lwus +12 mA 

Storage Temperature Range Tstg -65 to 150 oc 
Lead Temperature PDIP, Flat Pack 
(10 sec Soldering) 260 oc 
Package Temperature PLCC, SO 
(20 sec Reflow) 215 oc 
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SSI 32R5161 R 
10-Channel Ferrite/MIG 
Read/Write Device 

RECOMMENDED OPERATION CONDITIONS 

PARAMETER CONDITIONS 

DC Supply Voltage VDD1 

DC Supply Voltage vcc 
Head Inductance Lh 

RCT Resistor RCT* lw=60mA 

Write Current IW 

Junction Temperature Range Tj 

MIN NOM MAX 

10.8 12.0 13.2 

4.5 5.0 5.5 

5 10 

82 

10 60 

+25 +135 

*For lw = 60 mA. At other lw levels refer to Applications Information that follows this specification. 

DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX 

VCC Supply Current Read/Idle Mode 30 

Write Mode 30 

VDD Supply Current Idle Mode 20 

(sum of VDD1 and VDD2) Read Mode 40 

Write Mode 20 + lw 

Power Dissipation (Tj = + 125°C) Idle Mode 400 

Read Mode 620 

Write Mode, IW = 45 mA, 800 
RCT=0'2 

Write Mode, IW = 45 mA, 610 
RCT=110'2 

Write Mode, IW = 60 mA 680 
RCT=82'2 
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UNITS 

voe 
voe 
µH 

a 
mA 

oc 

UNITS 

mA 

mA 

mA 

mA 

mA 

mW 

mW 

mW 

mW 

mW 
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DC CHARACTERISTICS (continued) 

DIGITALl/O 

PARAMETER CONDITIONS 

VIL Input Low Voltage 

VIH Input High Voltage 

Ill Input Low Current VIL=0.8V 
llH Input High Current VIH = 2.0V 

VOL WUS Output Low Voltage 10L=8mA 
IOH WUS Output High Current VOH =5.0V 

WRITE MODE 

Center Tap Voltage VCT Write Mode 

Head Current (per side) Write Mode, 
0 s VCC s 3.7V, 
0 s VDD1 s 8.7V 

Write Current Range 

Write Current Constant "K" IW= 10-45 mA 

Write Current Constant "K" IW=45-60 mA 

lwc to Head Current Gain 

Unselected Head Leakl!Sl_e Current 

ROX, ROY Ou~ut Offset Voltl!Sl_e Write/Idle Mode 

ROX, ROY Common Mode Write/Idle Mode 
Ou_.!e!!t Voltl!Sl_e 

ROX, ADY Leakage ROX, ADY= 6V 
Write/Idle Mode 

READ MODE 

Center Tap Voltage Read Mode 

Head Current (per side) Read or Idle Mode 
0 SVCC s5.5V 
0 s VDD1 s 13.2V 

Input Bias Current (per side) 

Input Offset Voltage Read Mode 

Common Mode Output Voltage Read Mode 
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SSI 32R5161 R 
10-Channel Ferrite/MIG 

Read/Write Device 

MIN NOM MAX UNITS 

0.8 voe 
2.0 vcc voe 

+0.3 

-0.4 mA 

100 µA 

0.5 voe 
100 µA 

6.9 voe 
-200 200 µA 

10 60 mA 

2.375 2.625 

2.3 2.625 

0.99 mA/mA 

85 ~ 
-20 +20 mV 

5.5 voe 

-100 100 µA 

4.2 voe 
-200 200 µA 

45 µA 

-4 +4 mV 

4.5 5.5 6.5 voe 



SSl32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 

DYNAMIC CHARACTERISTICS AND TIMING 
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 5 µH, 
f(WDI) = 5 MHz, CL(RDX, ROY)~ 35 pF.) 

WRITE MODE 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Differential Head Voltage Swing 7.0 V(pk) 

Unselected Head Transient Current 2 mA(pk) 

Differential Output Capacitance 15 pf 

Differential Output Resistance 430 650 870 Q 

WDI Transition Frequency WUS=low 125 kHz 

READ MODE 

Differential Voltage Gain Vin = 1 mVpp @ 300 kHz, 120 150 180 VN 
RL(RDX), RL(RDY) 
= 1 KO 

Dynamic Range AC Input Voltage, Vi, -3 mVpp 
Where Gain Falls 
by 10%. V + f = 300 KHz 

Bandwidth (-3dB) IZsl < 50, Vin = 1 mVpp 30 MHz 

Input Noise Voltage BW= 15 MHz, 1.0 1.3 nvt-!Hi 
Lh = 0, Rh= 0 

Differential Input Capacitance f = 5 MHz 14 18 pf 

Differential Input Resistance 32R5161R, f = 5 MHz 350 800 Q 

Common Mode Rejection Ratio Vern = VCT + 100 mVpp 50 dB 
@5MHz 

Power Supply Rejection Ratio 100 mVpp@ 5 MHz on 45 dB 
VDD1, VDD2 or VCC 

Channel Separation Unselected Channels: 45 dB 
Vin=100 mVpp@5 MHz; 
Selected Channel: 
Vin= O mVpp 

Single Ended Output Resistance f= 5 MHz 30 Q 

Output Current AC Coupled Load, ±2.1 mA 
ROX to ROY 
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SSI 32R5161 R 
10-Channel Ferrite/MIG 

Read/Write Device II 
------

1191-rev. 

DYNAMIC CHARACTERISTICS AND TIMING (continued) 

SWITCHING CHARACTERISTICS 

PARAMETER 

R/WToWrite 

R/Wto Read 

CS to Select 

CS to Unselect 

HSO - HS2 to any head 

WUS, Safe to Unsafe - TD1 

WUS, Unsafe to Safe - TD2 

Head Current (Lh = 0 µH, Rh = OQ) 

Prop. Delay - TD3 

Asymmetry 

Rise/Fall Time 

WDI 

wus 

- TOO 

HEAD 
CURRENT 
(lx-ly) 

CONDITIONS 

Delay to 90% of 
Write Current 

Delay to 90% of 
100 mV, 1 O MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 

Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 

Delay to 90% Decay 
of Write Current 

Delay to 90% of 1 oo mv, 
10 MHz Read Signal 
Envelope 

lw=35mA 

lw=35mA 

From 50% Points 

WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 

10% - 90% Points 

MIN 

1.6 

FIGURE 1: Write Mode Timing Diagram 
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NOM MAX UNITS 

.15 .7 µs 

.25 .7 µs 

.2 1.0 µs 

.1 1.0 µs 

.25 1.0 µs 

8.0 µs 

1.0 µs 

25 ns 

1 ns 

20 ns 



SSI 32R5161 R 
10-Channel Ferrite/MIG 
Read/Write Device 

+5V +12V 

seeNole1 

RCT 

2K vcc VDD1 VDD2 VCT 

READ 
DATA 

SSI 32P541 READ DATA PROCESSOR 

wus 

Rm 

ROX 

ROY 

RWC 
see No1e 4 

HOX 

HOY 

H1X 

H1Y 

l-l2X 

H2Y 

H3X 

SSI 32R5161 
H3Y 

H4X 

H4Y 

H5X 

HSY 

H6X 

HSY 

H7X 

H7Y 

HBX 

HSY 

H9X 

H9Y 
WC GND 

NOTES 
1. An external resistor, RCT, given by; RCT = 82 (60/lw) where lw is the zero-peak write current in mA, 

can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 
2. Limit DC current from ROX and ROY to 100 µA and load capacitance to 20 pF. In multi-chip application 

these outputs can be wire-OR'ed. 
3. The power bypassing capacitor must be located close to the 32R5161 R with its ground returned directly 

to device ground, with as short a path as possible. 
4. To reduce ringing due to stray capacitance this resistor should be located close to the 32R5161R. 

Where this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip 
applications a single resistor common to all chips may be used. 

FIGURE 2: Applications Information 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

THERMAL CHARACTERISTICS: 0ja 

36-lead SOM 50°C/W 

ORDERING INFORMATION 

PART DESCRIPTION 1 
SSI 32R5161R Read/Write Device 

10-Channel SOM I 

HOX 

HOY 

H1X 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

HSX 

HSY 

H6X 

HSY 

H7X 

H7Y 

H8X 

HSY 

SSI 32R5161 R 
10-Channel Ferrite/MIG 

Read/Write Device 

GND 

HS3 

cs -we 

ROY 

ROX 

HSO 

HS1 

HS2 

vcc 

WDI 

WUS 

V001 

VDD2 

VCT 

H9Y 

H9X 

36-Lead SOM 

ORDERING NO. l PKG.MARK 

32R5161R-10CM I 32R5161R-10CM 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1191 - rev. 1-49 ©1989 Silicon Systems, Inc. 



Notes: 

1-50 



Riii 

ROX 

DESCRIPTION 

The SSI 32R524R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with 
two terminal thin film recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry for eight channels. Power supply 
fault protection is provided by disabling the write cur­
rent generator during power sequencing. System write 
to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +SV and 
+ 12V power supplies and is available in a variety of 
package configurations. A mirror image pinout option 
is available to simplify flex circuit layout in multiple R/W 
device applications. The SSI 32R524R provides inter­
nal 7400 damping resistors. 

BLOCK DIAGRAM 

GNO wus VOD2 

ROY ~~~~HRH.::., 

WOI 

WC 
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SSI 32R524R 
a-Channel Thin Film 

Read/Write Device 

November 1991 

FEATURES 

• High performance: 
Read mode gain= 100VN 
Input noise= 0.75 nvt.JHZ max. 
Input capacitance = 60 pF max. 
Write current range = 20 to 60 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 nsec 

• Enhanced system write to read recovery time 

• Power supply fault protection 

II 

• Plug compatible to the SSI 32R501, SSI 32R511 & 
SSI 32R512 

• Compatible with two & three terminal thin fllm heads 

• Write unsafe detection 

• +5V, + 12V power supplies 

• Mirror Image plnout option 

PIN DIAGRAM 

HOX 32 GNO GNO 32 HOX 

HOY 2 31 N/C N/C 31 HOY 

H1X 3 30 ~ ~ 3 30 H1X 
HOX 

H1Y 4 29 AHi AHi 4 29 H1Y 
HOY 

H2X s 28 WC WC s 28 H2X 

HIX H2Y 6 27 ROY ROY 6 27 H2Y 

HIV H3X 26 ROX ROX 7 26 H3X 

H3Y 8 2S HSO HSO 8 25 H3Y 
H2X 

H4X 9 24 HS1 HS1 9 24 H4X 
H2Y 

H4Y 10 23 HS2 HS2 10 23 H4Y 

H3X HSX 11 22 vcc vcc 11 22 H5X 

H3Y HSY 12 21 WOI WDI 12 21 HSY 

H4X H6X 13 20 wus wus 13 20 Hex 

H4Y H6Y 14 19 VDD1 V001 14 19 H6Y 

HSX H7X 15 18 V002 VDD2 15 18 H7X 

HSY H7Y 16 17 N/C N/C 16 17 H7Y 

H6X 

H6Y 32-LEADSOW 32-LEADSOW 
H7X MIRROR 
H7Y 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSl32R524R 
8-Channel Thin Film 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R524R addresses eight two-terminal thin 
film heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS and RJW, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and RJW 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R524R as a 
differential current switch and activates the Write 
Unsafe (WUS) detection circuitry. Write current is 
toggled between the X and Y directions of the selected 
head on each high to low transition on pin WDI, Write 
Data Input. 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X­
direction of the head, which is defined as entering from 
the Y-side and flowing to the X-side. 
The magnitude of the write current (0-pk) given by: 

IW=_K_ 
RWC 

where K (Write Current Constant) = 70 ± 5%, is 
programmed by an external resistor RWC, connected 
from pin WC to ground. The actual head current Ix, y 
is given by: 

lwy- lw 
' 1 +Rh'Rd 

where: 
Rh = head resistance + external wire resistance, and 
Rd= damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt­
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 

• Open head • Device in read mode 
• WDI frequency too low • No write current 
• Device not selected 
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Power dissipation in Write Mode may be reduced by 
placing a resistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that lw Rw ~ 3. OV 
for an accompanying power dissipation reduction of 
(lw)2 Aw. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Aw will also provide 
current limiting in the event of a head short. 

READ MODE 

The read mode configures the SSI 32R524R as a low 
noise diffe.rential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The ROX and ROY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The ROX, 
ADY common mode voltage is maintained in the write 
mode, minimizing the transient between write mode 
and read mode, substantially reducing the write to read 
recovery time in the subsequent Pulse Detection cir­
cuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector, and switches the 
ROX, ADY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR'ed. 

TABLE 1: Mode Select 

cg R!W MODE 

0 0 Write 

0 1 Read 

1 0 Idle 

1 1 Idle 

TABLE 2: Head Select 

HS2 HS1 HSO HEAD 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 7 

O = Low level, 1 = High level 
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PIN DESCRIPTION 

NAME TYPE 

HSO-HS2 I 

~ I 

R/W I 

wus o· 

WDI I 

HOX-H7X 1/0 
HOY-H7Y 

ROX, ROY o· 
WC -
vcc -
VDD1 -
VDD2 -
GND -

DESCRIPTION 

SSI 32R524R 
8-Channel Thin Film 

Read/Write Device 

Head Select: selects one of eight heads 

Chip Select: a low level enables the device 

Read/Write: a high level selects Read Mode 

Write Unsafe: Open collector output, a high level indicates an unsafe 
writing condition 

Write Data In: a negative transition toggles the direction of the 
head current 

X, Y Head Connections: Current in the X-direction flows into the 
X-port 

X, Y Read Data: differential read data output 

Write Current: used to set the magnitude of the write current 

+5V Logic Circuit Supply 

+12V 

Positive Power Supply for Write current drivers 

Ground 

• When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL VALUE UNITS 

DC Supply Voltage VDD1, 2 -0.3 to +14 voe 
vcc -0.3to +7 voe 

Write Current lw 100 mA 
Digital Input Voltage Vin -0.3 to VCC +0.3 voe 
Head Port Voltage VH -0.3 to VDD2 +0.3 voe 
WUS Pin Voltage Range Vwus -0.3to +14 voe 
Output Current } ROX, ROY lo -10 mA 

wus lwus +12 mA 
Storage Temperature Tstg -65 to +150 oe 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

DC Supply Voltage 

Junction Temperature 

DC CHARACTERISTICS 

SYMBOL VALUE 

VDD1 12±10% 

VDD2 <i:VDD1 -3.0V 

vcc 5± 10% 

Tj +25to +135 

Unless otherwise specified, recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM 

VDD1 Supply Current Read Mode - -
Write Mode - -
Idle Mode - -

VDD2 Supply Current Read Mode - -
Write Mode - -
Idle Mode - -

VCC Supply Current Read Mode - -
Write Mode - -
Idle Mode - -

Power Dissipation (Tj = + 135°C) Read Mode - -
Write Mode lw = 40mA, - -

VDD2=VDD1 

Write Mode lw = 60rnA, - -
VDD1 - VDD2 = 3.0V 

Idle Mode - -
l~t Low Voltage 1v1y_ - -
l~t High Voltage (VIH) 2.0 -
l~t Low Current_ill!J_ VIL= 0.8v -0.8 -
Input H!g_h CurrentjlHLJ_ VIH = 2.0v - -
WUS Output Low Voltage (VOL) lol =8mA - -
VDD Fault Volt~e 8.5 -
VCC Fault Volt~e 3.5 -
Head Current (HnX, HnY) Write Mode, O:>;VCC :>;3.SV -200 -

0:>;VDD1 :>;8.5V 

Read/Idle Mode -200 -
O:!>VCC :!>5.5V 
O:!>VDD1 :>;13.2V 
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UNITS 

VDC 

VDC 

VDC 
oc 

MAX UNITS 

50 mA 

45 mA 

25 mA 

200 µA 

lw+0.4 mA 

200 µA 

60 mA 

50 mA 

45 mA 

900 mW 

1300 mW 

1425 mW 

500 mW 

0.8 VDC 

- VDC 

- mA 

100 µA 

0.5 VDC 

10.0 VDC 

4.2 VDC 

+200 µA 

+200 µA 
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WRITE CHARACTERISTICS 

SSI 32R524R 
8-Channel Thin Film 

Read/Write Device 

Unless otherwise specified, recommended operating conditions apply, lw = 40 mA, Lh = 500 nH, Rh = 30Q 
and f (WDI) = 5 MHz. 

PARAMETER CONDITIONS MIN. NOM MAX UNITS 

Write Current Constant "K" 66.5 - 73.5 v 
Differential Head Voltage Swing 7 - - Vpp 

Unselected Head Current - - 1 mA(pk) 

Differential Output Capacitance - - 35 pF 

Differential Output Resistance 400 740 1000 Q 

WDI Transition Frequency WUS= low 1.0 - - MHz 

Write Current Range 20 - 60 mA 

READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, CL (ROX, ADY) < 20 pF and 
AL (RDX,RDY) = 1 kQ. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Differential Volt'!9_e Gain Vin=1 mVpp@ 300 kHz 80 100 120 1----YJ"--
1-1dB 

----

Bandwidth JZsJ<5!l Vin=1 mVpp..@_300 kHz 25 - - MHz 

1-3dB 1Zs1<5!l, Vin=1 mVpp@ 300 kHz 45 - - MHz 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh= 0 - 0.55 0.75 nV/--lHz 

Differential lnp_ut C'!E_acitance Vin = 1 mVpfil = 5 MHz - - 60 pF 

Differential ln_QUt Resistance Vin = 1 mV0>. f = 5 MHz 220 - - Q 

Dynamic Range DC input voltage where gain -3 - 3 mV 
falls to 90% of its 0 voe value, 
Vin = VDC +0.5 mVpp, f = 5 MHz 

Common Mode Rejection Ratio Vin = 0 VDC+ 100 mVpp @ 5 MHz 54 - - dB 

Power Supply Rejection Ratio 100 mVpp@ 5 MHz on VDD1 54 - - dB 
100 mVp..e._@ 5 MHz on VCC 

Channel Separation Unselected channels driven 45 - - dB 
with 100 mVpp@ 5 MHz, 
Vin= 0 mVpp 

Output Offset Voltage -360 - +360 mV 

ROX, ADY Common Mode Read Mode Vcc-2.2V Vcc-1.9V Vcc-1.6V voe 
Output Voltage Write Mode - 2.9 - voe 
Single Ended Output Resistance f = 5 MHz - - 30 Q 

Output Current AC Coupled Load, ROX to ROY 3.2 - - mA 
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SSl32R524R 
8-Channel Thin Film 
Read/Write Device 

SWITCHING CHARACTERISTICS (See Figure 1) 
Unless otherwise specified, recommended operating conditions apply, lw =40 mA, Lh = 500 nH, Rh= 300 
and f (WDI) = 5 MHz. 

PARAMETER CONDITIONS 

R/W 

R/W to Write Mode Delay to 90% of write current 

R/W to Read Mode Delay to 90% of 1 OOmV 1 OM Hz 
Read signal envelope or to 90% 
decay of write current 

cs 
CS to Select Delay to 90% of write current or to 

90% of 100mV 10MHz Read 
signal envelope 

CS to Unselect Delay to 10% of write current 

HSn 

HSO, 1, 2 to any Head Delay to 90% of 1 OOmV 1 OMHz 
Read signal envelope 

wus 
Safe to Unsafe - TD1 

Unsafe to Safe - TD2 

Head Current 

Prop. Delay - TD3 From 50% points, Lh=Oµh, Rh=OO 

Asymmetry WDI has 50% duty cycle and 
1 ns rise/fall time, Lh=Oµh, Rh=On 

Rise/Fall Time 10%-90% points, Lh=Oµh, Rh=On 

Rise/Fall Time 10%-90% points, 
R(HnX, HnY)=10Q 

WDI 

wus 

-TD2_, ~-- TD1 ----1 

--+ TD3 
HEAD 

CURRENT 
(Ix - ly) 

FIGURE 1: Write Mode Timing Diagram 
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MIN MAX UNITS 

- 0.6 µs 

- 0.6 µs 

- 0.6 µs 

- 0.6 µs 

- 0.4 µs 

0.6 5.0 µs 

- 1 µs 

- 32 ns 

- 1 ns 

- 9 ns 

- 10 ns 
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APPLICATIONS INFORMATION 

SSI 32R524R 
8-Channel Thin Film 

Read/Write Device 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst case Input Noise Conditions 

PARAMETER Tj = 2s0 c Tj = 135°C UNITS 

l~ut Noise Volt~eJMax.) 0.5 0.75 nV/v'Hz 
Differential Input Resistance (Min.) 292 318 0 
Differential Input Capacitance (Max.) 43 48 pF 

TABLE 4: Key Parameters Under Worst case Input Impedance Conditions 

PARAMETER Tj = 25°C Tj = 135°C UNITS 

l~ut Noise VoH~e _iMaxJ_ 0.45 0.6 nV/v'Hz 
Differential l~ut Resistance _iMin.} 220 260 0 
Differential Input Capacitance (Max.) 55 60 pF 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 

PACKAGE PIN DESIGNATIONS 
(Top View) 

HOX GND GND 

HOY N/C N/C 

H1X ?:S" ?:S" 

H1Y Riii Riii 

H2X WC WC 

H2Y ADY ROY 

H3X ROX ROX 

H3Y HSO HSO 

H4X HS1 HS1 

H4Y HS2 HS2 

HSX vcc vcc 
HSY WDI WDI 

H6X wus wus 
HSY VOD1 VDD1 

H7X VDD2 VDD2 

H7Y N/C NIC 

HOX HOX 

HOY ; HOY 

H1X H1X 

H1Y H1Y 

H2X H2X 

H2Y H2Y 

H3X H3X 

H3Y H3Y 

H4X H4X 

H4Y H4Y 
HSX HSX 
HSY HSY 
H6X H6X 
HSY 

HSY 
H7X 

H7X 
H7Y' 

H7Y 

32-LEADSOW 32·LEADSOW NIC 

MIRROR 

THERMAL CHARACTERISTICS: 91• · 34-LEAD SOL 

32-LeadSOW 55"C/W 

34-LeadSOL 50°c1W 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. 

SSI 32R524R a-Channel SOW 32R524R-aW 

a-Channel SOL 32R524R-aL 

SSI 32R524RM a-Channel SOW 32R524RM-aW 

a-Channel SOL 32R524RM-aL 

GND GND. HOX. 

NIC NIC HOY 

NIC NIC H1X 

?:S" ?:S" HW 

R/W RNJ H2X 

WC WC H2Y 

ADY ROY H3X 

ROX RDX H3Y 

HSO HSO H4X 

HS1 HS1 H4Y 

HS2 HS2 HSX 

vcc vcc HSY 

WDI WDI H6X 

wus wus H6Y 

NIC NIC H7X 

VDD1 V001 H7Y 

VDD2 VDD2 ~ 

34-LEADSOL 
MIRROR 

PKG.MARK 

32R524R-aW 

32R524R-aL 

32R524RM-aW 

32R524RM-aL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 1-58 1191- rev. 



DESCRIPTION 

The SSI 32R528R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with 
two terminal thin film recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry for eight or nine channels. Power 
supply fault protection is provided by disabling the write 
current generator during power sequencing. System 
write to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and 
+ 12V power supplies and is available in a 36 SOM 
package. A mirror image pinout option is available to 
simplify flex circuit layout in multiple R/W device appli­
cations. The SSI 32R528R provides internal 700'1 
damping resistors. 

SSl32R528R 
9-Channel Thin Film 

Read/Write Device 

November 199f 

FEATURES 

• High performance: 
Read mode gain = 150 VN 
Input noise= 0.85 nV/../Hz max. 
Input capacitance = 35 pF max. 
Write current range= 10 mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 

• Enhanced system write to read recovery time 

• Dlfferentlal ECL·llke Write Data Input 

• Power supply fault protection 

• Compatible with two & three terminal TFH 

• Write unsafe detection 

• +5V, + 12V power supplies 



SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R528R addresses up to nine two-terminal 
thin film heads providing write drive or read amplifica­
tion. Head selection and mode control is accomplished 
with pins HSn, CS and RJW, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and RJW 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R528R as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between the 
X and Y direction of the selected head on each low to 
high transition of the WO, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X­
direction of the head, i.e. into the X-port. 

The magnitude of the write current (0-pk) given by: 

hN= Vwc 
RWC 

where Vwc (WC pin voltage) = 1.65V ± 5%, is pro­
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 

bey lw 
' 1 +Rh/Rd 

where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

Power supply fault protection improves data security 

placing a resistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that lw Rw s3.0V 
for an accompanying reduction of (lw)2 Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1 . Note that Rw will also provide 
current limiting in the event of a head short. 

READ MODE 

The read mode configures the SSI 32R528R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The ROX and ROY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The ROX, 
ADY common mode voltage is maintained at the write 
mode value, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse Detec­
tion circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
ROX, ROY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR'ed and the write current 
programming resistor to be common to all devices. 

TABLE 1: Mode Select 

~ RIW MODE 
0 0 Write 
0 1 Read 
1 0 Idle 
1 1 Idle 

by disabling the write current generator during a volt- TABLE 2: Head Select 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
the WD/WD lines, after the fault is corrected, are re­
quired to clear the WUS flag. 

• WO frequency too low 
• Device not selected 
•Head open 

• Device in read mode 
•No write current 

HS3 
0 
0 
0 
0 
0 
0 
0 
0 
1 

Power dissipation in Write Mode may be reduced by o = Low level 

1-60 

HS2 HS1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 

1 = High level 

HSO HEAD 
0 0 
1 1 
0 2 
1 3 
0 4 
1 5 
0 6 
1 7 
0 8 
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PIN DESCRIPTIONS 

NAME TYPE 

HSO-HS3 I 

cs I 

R/W I 

wus O* 

WD,WD I 

HOX- H8X 110 
HOY-HSY 

ROX, ADY o· 
WC * 

vcc -
VDD1 -
VDD2 -
GND -

DESCRIPTION 

Head Select: TIL level 

SSI 32R528R 
9-Channel Thin Film 

Read/Write Device 

Chip Select: a low TTL level enables the device 

Read/Write: a high TTL level selects Read mode 

Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 

Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 

X, Y Head Connections: Current in the X-direction flows into the X-port 

x, Y Read Data: differential read data output 

Write Current: used to set the magnitude of the write current 

+5V Logic Circuit Supply 

+12V 

Positive Power Supply for Write current drivers 

Ground 

*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may permanently damage the device. 

PARAMETER SYMBOL VALUE UNITS 

DC Supply Voltage VDD1,2 -0.3to +14 voe 
vcc -0.3to +7 voe 

Write Current lw 100 mA 

Digital Input Voltage Vin -0.3 to vcc +0.3 voe 
Head Port Voltage VH -0.3 to VDD2 +0.3 voe 
WUS Pin Voltage Range Vwus -0.3to +14 voe 
Output Current ROX, ROY lo -10 mA 

wus lwus +12 mA 

Storage Temperature Tstg -65 to +150 oc 

Hl1 



SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

DC Supply Voltage 

Operating Temperature 

DC CHARACTERISTICS 

SYMBOL VALUE 

VDD1 12± 10% 

VDD2 VDD1 - 3.0 to VDD1 

vcc 5± 10% 

Tj o to +135 

Unless otherwise specified, recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM 

VDD1 Supply Current Read Mode - -
Write Mode - -

Idle Mode - -
VDD2 Supply Current Read Mode - -

Write Mode - -
Idle Mode - -

VCC Supply Current Read Mode - -

Write Mode - -

Idle Mode - -
Power Dissipation (Tj = + 135°C) Read Mode - -

Write Mode: lw = 20 mA, - -
VDD2= VDD1 

Write Mode: lw = 40 mA, - -
VDD1 - VDD2 = 3.0V 

Idle Mode - -
WD, WD IQQ_ut Low Current_(llL U VIL1 = VCC -1.625V 

WD, WD Input Hlg_h Current (llH1_l VIH1 = VCC -0.72V 

WD, WD Input Low Voltage (VIL1) vcc 
-1 .870 

WD, WD Input High Voltage (VIH1) vcc 
-1.00 

R/W, CS, HSO-HS3 v1L2 = o.8V -0.4 
Input Low Current (llL2) 

R/W, CS, HSO-HS3 VIH2 = 2.0V 
Input High Current (llH2) 

R/W, CS, HSO-HS3 
Input Low Voltage (VIL2) 

R/W, CS, HSO-HS3 2.0 
Input High Voltage (VIH2) 

1-62 

UNITS 

VDC 

VDC 

VDC 
oc 

MAX UNITS 

42 mA 

50 mA 

22 mA 

200 uA 
lw+ 0.4 mA 

200 µA 

68 mA 

48 mA 

55 mA 

850 mW 

1100 mW 

1200 mW 

550 mW 

80 10_ 
100 µA 

vcc VDC 
-1.625 

vcc VDC 
-0.720 

mA 

100 µA 

0.8 VDC 

VDC 
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DC CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

WUS Oum_ut Low Voltl!Q_e_{_VOLJ_ ILUS=8.0 mA 
VDD Fault Volt1!9_e 

VCC Fault Voltim_e 

Head Current (HnX, HnY) Write Mode, O :;;; VCC :;;; 3.5vj 
0 :;;; VDD1 :;;; 8.5V 

Read/Idle Mode 
0SVCCS5.5V 
0:;;; VDD1 :;;; 13.2V 

WRITE CHARACTERISTICS 

SSI 32R528R 
9-Channel Thin Film 

Read/Write Device 

MIN NOM MAX UNITS 

0.5 voe 
8.5 - 10.0 voe 
3.5 - 4.2 voe 

-200 - +200 µA 

-200 - +200 µA 

Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 µH, Rh = 30'2 
and f (WD) = 5 MHz. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

WC Pin Volt1!9_e (Vwq)_ 1.57 1.65 1.73 v 
Differential Head Voltage Swing 7 - - Vpp 

Unselected Head Current - - 1 mA(pk) 

Differential Output Capacitance - - 25 pF 

Differential Output Resistance 32R528R 500 700 950 n 

WD Transition Frequency WUS=low 1.7 - - MHz 

Write Current Range 0-pk 10 - 40 mA 

READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (ROX, ADY) < 20 pF and 
AL (RDX,RDY) = 1 kn. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Differential Voltage Gain Vin = 1 mVpp @ 1 MHz 125 - 175 VN 

Bandwidth l -1dB 1zs1 < 5n, Vin=1 mVpp 25 - - MHz 

j-3dB 1zs1 < 5n, Vin=1 mVpp 45 - - MHz 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh= 0 - 0.62 0.85 nV/vHz 

Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz - - 35 pF 

Differential Input l 32R528R Vin = 1 mVpp, f = 5 MHz 300 - - n 
Resistance 

Dynamic Range Peak-to-peak ac input voltage 6 - - mVpp 
where gain falls to 90% of its 
small signal value, f = 5 MHz 
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SSl32R528R 
9-Channel Thin Film 
Read/Write Device 

READ CHARACTERISTICS (Continued) 

PARAMETER 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Channel Separation 

Ou!Q_ut Offset Volt~g_e 

RDX, RDY Common Mode 

Ou!Q!.Jt Volt;me 

Sirigle Ended Output Resistance 

Output Current 

CONDITIONS 

Vin = 0 VDC+ 100 mVpp @ 5 MHz 

100 mVpp@ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 

Unselected channels driven 
with 100 mVpp @ 5 MHz, 
Vin=O mVpp 

Read Mode 

Write Mode 

L=5MHz 

AC Coupled Load, RDX to RDY 

SWITCHING CHARACTERISTICS (See Figure 1) 

MIN NOM MAX UNITS 

54 - - dB 

54 - - dB 

45 - - dB 

-360 - +360 mV 

2.2 2.9 3.6 VDC 

- 2.9 - VDC 

- - 40 n 
3.2 - - mA 

Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 µH, Rh= 300 
and f (WD) = 5 MHz. 

PARAMETER CONDITIONS MIN MAX UNITS 

R/W 

R/W to Write Mode Delay to 90% of write current - 0.6 µs 

R/W to Read Mode Delay to 90% of 100 mV 10 MHz - 0.6 µs 
Read signal enve·lope or to 90% 
decay of write current 

cs 
CS to Select Delay to 90% of write current or to - 0.6 µs 

90% of 100 mV 1 O MHz Read 
signal envelope 

CS to Unselect Del'!}'_ to 10% of write current - 0.6 µs 

HSn 

HSO, 1, 2, 3 to any Head Delay to 90% of 100 mV 10 MHz - 0.4 µs 
Read s_ig_nal envel~e 

wus 
Safe to Unsafe - TD1 0.6 3.6 µs 

Unsafe to Safe - TD2 - 1 µs 

Head Current 

Prop. Delay - TD3 From 50% points, Lh=Oµh, Rh=Oil - 32 ns 

Asymmetry WD has 50% duty cycle and 1 ns - 1 ns 
rise/fall time Lh=Ol!_h Rh=Oil 

Rise/Fall Time 10% - 90% points, Lh=Oµh, Rh=Oil - 9 ns 
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(WO-WO") 

wus 
-TD2-1 

- TD3 
HEAD 

CURRENT 
(Ix- ly) 

SSI 32R528R 
9-Channel Thin Film 

Read/Write Device 

+-TD1-

FIGURE 1: Write Mode Timing Diagram 

APPLICATIONS INFORMATION 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 

PARAMETER Tj = 25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.70 0.85 nVt'-'Hz 

Differential Input Resistance (Min.) 1 32R528R 390 420 n 
Differential Input Capacitance (Max.) 32 34 pF 

TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 

PARAMETER Tj = 25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.58 0.71 nV/'1Hz 

Differential Input Resistance (Min.) I 32R528R 310 350 n 

Differential Input Capacitance (Max.) 33 35 pF 

1191 - rev. 1-65 



SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: 0 

(Top View) 36-leadSOM 50°0/W 

HOX 36 GNO GNO HOX 

HOY 2 36 HS3 HS3 HOY 

H1X 3 34 cs cs H1X 

H1Y 4 33 Rl'R Rl'R H1Y 

H2X 32 WC WC H2X 

H2Y 31 ROY ROY H2Y 

H3X 7 30 ROX ROX H3X 

H3Y 29 HSO HSO H3Y 

H4X 28 HS1 HS1 H4X 

H4Y 10 27 HS2 HS2 H4Y 

H5X 11 26 vcc vcc H5X 

HSY 12 25 WO WO HSY 

H6X 13 24 WO" WO" H6X 

H6Y 14 23 wus wus H6Y 

H7X 15 22 V001 V001 H7X 

H7Y 16 21 VOD2 VOD2 H7Y 

H8X 17 20 N/C N/C H8X 

HSY 18 19 N/C N/C HSY 

36-LeadSOM 36-Lead SOM Mirror 

ORDERING INFORMATION 

PART DESCRIPTION l ORDER NO. I PKG.MARK 

SSI 32R528R with Internal Damping Resistor 

9-Channel SOM l 32R528R-9CM l 32R528R-9CM 

SSI 32R528R Mirror Image with Damping Resistor 

9-Channel SOM l 32R528RM-9CL l 32R528RM-9CL 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for ament information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573~914 

©1989 Silicon Systems, Inc. 1-66 1191 - rev. 



DESCRIPTION 

The SSI 32R5281 R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with two­
terminal thin-film recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry for up to 14 channels. Power supply 
fault protection is provided by disabling the write cur­
rent generator during power sequencing. System write 
to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and 
+ 12V power supplies and provides internal 700il 
damping resistors. 
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BLOCK DIAGRAM 
VOO \ICC ON> WUS 
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SSl32R5281R 
14-Channel Two-Terminal 

Read/Write Device 

r,p "'h Uii mt.1 i; ·Fu t.1 ii 
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FEATURES 

• High performance: 

Read mode gain = 250 VN 
Input noise= 0.85 nV/../Hz max. 
Input capacitance = 35 pf max. 
Write current range = 1 o mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 

• Enhanced system write to read recovery time 

• Dlfferentlal ECL-llke Write Data Input 

• Power supply fault protection 

• Write unsafe detection 

• +5V, + 12V power supplies 

PIN DIAGRAM 

HOX 

HOV 

"" 

H3V 

"'x 
"'' 

-H7X 

H7V 

HOV -
H11V 

H12X 

H12Y 

"'"' 
H13V 

1-67 

HOX H13Y 

HOY H13X 

H1X GND 

H1Y HS3 

H2X ~ 

H2Y RIW 

H3X WC 

H3Y ROY 

H4X ROX 

H4Y HSO 

H5X HS1 

H5Y HS2 

H6X vcc 
HSY WO 

H7X WO" 

H7Y wus 
HBX GND 

HBY VDD 

H9X H12Y 

H9Y H12X 

H10X H11Y 

H10Y H11X 

44-LEADSOM 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R5281 R 
14-Channel Two-Terminal 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R5281 R addresses up to 14 two-terminal 
thin film heads providing write drive or read amplifica­
tion. Head selection and mode control is accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R!W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32R5281 R as a 
current switch and activates the Write Unsafe {WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each low 
to high transition on the WD, Write Data input. {See 
figure 1.) 

A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X­
direction of the head, i.e., into the X-port. 

The magnitude of the write current (0-pk) is given by: 

lw= Vwc 
Rwc 

where Vwc {WC pin voltage) = 1.65V ± 5%, is pro­
grammed by an external resistor Rwc, connected from 
pin WC to ground. In multiple device applications, a 
single Rwc resistor may be made common to all de­
vices. The actual head current Ix, y is given by: 

lx,y- lw 
1 +Rh/Rd 

where: 
Rh = head resistance + external wire resistance, and 
Rd= damping resistance. 

Power supply fault protection improves data security 
by disabling the write current generator during a volt­
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two positive transitions on 
the WD, Write Data input line, after the fault is cor­
rected, are required to clear the WUS flag. 

READ MODE 

The read mode configures the SSI 32R5281 R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The ROX and ROY outputs are emitter followers and 
are in phase with the ·x· and "Y" head ports. These 
outputs should be AC coupled to the load. The ROX, 
RDY common mode voltage is maintained at the write 
mode value, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse Detec­
tion circuitry. 

IDLE MODE 

The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
ROX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire-OR'ed and the write current 
programming resistor to be common to all devices. 

TABLE 1: Mode Select 

cs RIW MODE 
0 0 Write 
0 1 Read 
1 0 Idle 
1 1 Idle 

TABLE 2: Head Select 

HS3 HS2 HS1 HSO HEAD 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 1 0 0 12 
1 1 0 1 13 

• WD frequency too low • Device in read mode o = Low level 1 = High level 
• Device not selected • No write current 
• Open head 
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PIN DESCRIPTION 

NAME TYPE 

HSO-HS3 I 

cs I 

R/W I 

wus o· 

WD,WD I 

HOX - H13X 1/0 
HOY - H13Y 

RDX,RDY o· 
WC . 
vcc -
VDD -
GND -

DESCRIPTION 

Head Select 

SSl32R5281R 
14-Channel Two-Terminal 

Read/Write Device 

Chip Select: a low level enables the device 

Read/Write: a high level selects Read mode 

Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 

Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 

X, Y Head Connections: Current in the X-direction flows into the X-port 

X, Y Read Data: differential read data output 

Write Current: used to set the magnitude of the write current 

+5V Logic Circuit Supply 

+12V 

Ground 

*When more than one R/W device is used, these signals can be wire OR'ed. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may permanently damage the device. 

PARAMETER SYMBOL VALUE UNITS 

DC Supply Voltage VDD -0.3to +14 voe 
vcc -0.3 to +7 voe 

Write Current lw 100 mA 

Digital Input Voltage Vin -0.3 to VCC +0.3 VDC 

Head Port Voltage VH -0.3 to VDD2 +0.3 voe 
WUS Pin Voltage Range Vwus -0.3to+14 VDC 

Output Current ROX, ROY lo -10 mA 

wus lwus +12 mA 

Storage Temperature Tstg -65 to +150 oc 
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SSI 32R5281 R 
14-Channel Two-Terminal 
Read/Write Device 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

DC Supply Voltage 

Operating Temperature 

DC CHARACTERISTICS 

SYMBOL VALUE 

VDD 12±10% 

vcc 5±10% 

Tj +25to+135 

Unless otherwise specified, recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM 

VDD Supply Current Read Mode - 30 

Write Mode - 39 

Idle Mode - 12 

VCC Supply Current Read Mode - 50 

Write Mode - 32 

Idle Mode - 43 

Power Dissipation (Tj = + 135°C) Read Mode - -
Write Mode: lw = 20 rnA, - -
Idle Mode - 360 

WO, WD Input Low CurrentJ!IL '!l VIL 1 = VCC -1.625V 

WO, WO Input High Current (llH1) VIH1 = VCC -0.72V 

WO, WD Input Low Voltage (VIL 1) vcc 
-1.870 

WO, WD Input High Voltage (VIH1) vcc 
-1.00 

R/W, CS, HSO-HS3 v1L2= o.8V -0.4 
Input Low Current (llL2) 

R/W, CS, HSO-HS3 VIH2= 2.0V 
Input High Current (llH2) 

RIW, CS, HSO-HS3 
Input Low Voltage (VIL2) 

R/W, CS, HSO-HS3 2.0 
Input High Voltage (VIH2) 

WUS Output Low Voltage (VOL) lol=8mA - -
VDD Fault Voltage 8.5 -
VCC Fault Voltage 3.5 -

1-70 

UNITS 

voe 

voe 
oc 

MAX UNITS 

TBD rnA 

TBD rnA 

TBD mA 

TBD rnA 

TBD mA 

TBD mA 

800 mW 

1000 mW 

570 mW 

80 J1Pt 
100 µA 

vcc voe 
-1.625 

vcc voe 
-0.720 

rnA 

100 µA 

0.8 voe 

voe 

0.5 voe 

10.0 voe 

4.2 voe 
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DC CHARACTERISTICS (continued) 

PARAMETER CONDITIONS 

Head Current (HnX, HnY) Write Mode, 
0 :S VCC :S 3.5V 
0 :S VDD1 :S 8.5V 

Read/Idle Mode, 
0 :S VCC :S 5.5V 
0 :S VDD1 :S13.2V 

WRITE CHARACTERISTICS 

SSI 32R5281 R 
14-Channel Two-Terminal 

Read/Write Device 

MIN NOM MAX UNITS 

-200 - +200 µA 

-200 - +200 µA 

Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 500 nH, Rh= 30'1 
and f(WD) = 5 MHz. 

WC Pin Voltage (Vwc) - 1.65 ±5% - v 
Differential Head Voltage Swing lw=40mA 7 - - Vpp 

Unselected Head Current - - 1 mA(pk) 

Differential Output Capacitance - - 25 pF 

Differential Output Resistance 500 700 950 n 
WCI Transition Frequency WUS=low 1.7 - - MHz 

wus =high - - 500 kHz 

Write Current Range 10 - 40 mA 

READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (ROX, ADY) < 20pF and 
RL (RDX,RDY) = 1 kn. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Differential Voltage Gain Vin=1 mVpp @ 300 kHz 210 250 290 VN 

Bandwidth -1dB 1Zs1<5il, Vin=1 mVpp 25 40 - MHz 

-3dB IZSl<5il, Vin=1 mVpp 35 55 - MHz 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh= 0 - 0.62 0.85 nVNHz 

Differential l~ut Capacitance Vin = 1 mVpp, f = 5 MHz - - 35 pF 

Differential Input Resistance Vin = 1 mVpp, f = 5 MHz 300 - - n 
Dynamic Range Peak-to-peak AC input voltage 2.0 - - mVpp 

where gain falls to 90% of its 
small signal value, f = 5 MHz 

Common Mode Rejection Ratio Vin= 0 VDC+100 mVpp@5 MHz 54 - - dB 

Power Supply Rejection Ratio 100 mVpp@ 5 MHz on VDD1 54 - - dB 
100 mVpp @ 5 MHz on VCC 

Channel Separation Unselected channels driven 45 - - dB 
with 100 mVpp@5 MHz, 
Vin =OmVpp 
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SSl32R5281R 
14-Channel Two-Terminal 
Read/Write Device 

READ CHARACTERISTICS (continued) 

PARAMETER CONDITIONS 

Output Offset Voltage 

ROX, ADY Common Mode Read Mode or Write Mode 
Output Voltage 

Single Ended Output Resistance f = 5 MHz 

Output Current AC Coupled Load, 
RDXto ADY 

SWITCHING CHARACTERISTICS (See Figure 1) 

MIN NOM MAX UNITS 

-400 - +400 mV 

Vcc-2.5 Vee- 2.1 Vcc-1.7 voe 

- - 30 n 
3.2 - - mA 

Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 500 nH, Rh = 30'2 
and f(WD) = 5 MHz. 

PARAMETER CONDITIONS MIN MAX UNITS 

R/W 

R/W to Write Mode Delay to 90% of write current - 0.6 µs 
R/W to Read Mode Delay to 90% of 1 OOmV 1 OMHz - 0.6 µs 

Read signal envelope or to 90% 
decay of write current 

cs 
CS to Select Delay to 90% of write current or to - 0.6 µs 

90% of 1 OOmV 1 OM Hz Read 
signal envelope . 

CS to Unselect Delay to 90% of write current - 0.6 µs 
HSn 

HSO, 1, 2, 3 to any Head Delay to 90 % of 1 OOmV 1 OM Hz - 0.4 µs 
Read signal envelope 

wus 
Safe to Unsafe - TD1 0.6 3.0 µs 
Unsafe to Safe - TD2 - 1 µs 

Head Current 

Prop. Delay - TD3 From 50 % points, Lh=Oµh, Rh=Oil - 32 ns 

Asymmetry WD has 50 % duty cycle and - 0.5 ns 
1 ns rise/fall time, Lh=Oµh, Rh=Oil 

Rise/Fall Time 10% - 90% points, Lh=Oµh, Rh=Oil - 9 ns 
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(WO-WO) 

wus 

- TD3 

HEAD 
CURRENT 

( lx-ly) 

SSI 32R5281 R 
14-Channel Two-Terminal 

Read/Write Device 

TD1-+ 

FIGURE 1: Write Mode Timing Diagram 

APPLICATIONS INFORMATION 

The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst case Input Noise Conditions 

PARAMETER Tj = 25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.70 0.85 nV/'1Hz 

Differential Input Resistance (Min.) 390 420 Q 

Differential Input Capacitance (Max.) 32 34 pF 

TABLE 4: Key Parameters Under Worst case Input Impedance Conditions 

PARAMETER Tj = 25°C Tj = 135°C UNITS 

Input Noise Voltage (Max.) 0.58 0.71 nV/vHz 

Differential Input Resistance (Min.) 310 350 Q 

Differential Input Capacitance (Max.) 33 35 pF 
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SSl32R5281R 
14-Channel Two-Terminal 
Read/Write Device 

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: '1Jja 
(Top View) 

44-Lead SOM 50°C/W 

44-PLCC 60°C/W 

HOX H13Y 

HOY H13X >- x 0 "' >- x >- x >- x <') <') z ll'3 N N i i ~ 0 i i fl) 
H1X GND :c :c :c (!) :c 
H1Y HS3 

H2X ~ H3X RIW 
H2Y RiW 

H3Y 38 WC 
H3X WC 

H3Y ROY H4X 37 ROY 

H4X ROX H4Y 36 ROX 
H4Y HSO 

HSX 35 HSO 
H5X HS1 

H5Y HS2 HSY 34 HS1 

H6X vcc HSX 33 HS2 
H6Y WO 

HSY 32 vcc 
H7X WO" 

H7Y wus H7X 31 WO 

H8X GNO H7Y 30 WO 
HSY VOO 

HSX wus 
H9X H12Y 19 20 21 22 23 24 25 26 27 
H9Y H12X 

>- x >- x >- x ~ x >- 0 0 
H10X H11Y a> "' "' ~ 0 N N 0 z :c J: :c :c i i i i i > (!) 
H10Y H11X 

44-Pin SOM 44-Pin PLCC 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verily that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 1-74 1191 - rev. 



DESCRIPTION 

The SSI 32R1200/1201 are bipolar monolithic inte­
grated circuits designed for use with center-tapped 
ferrite or MIG recording heads. They provide a low 
noise read path, write current control, and data protec­
tion circuitry for as many as 4 channels. Power supply 
fault protection is provided by disabling the write cur­
rent generator during power sequencing. A power 
down mode (idle) is provided to reduce power con­
sumptiontolessthan10mW. TheSSl32R1201 option 
provides a write current boost feature which can be 
selected without using additional external resistors. 

The SSI 32R1200R/1201R option provides internal 
7500 damping resistors. Both devices require only a 
+SV power supply and are available in surface mount 
packages. 

SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

November 1991 
FEATURES 

• +5V only power supply 

• Lowpower 

- Pd ~ 200 mW read mode 
- Pd ~ 10 mW Idle mode 

• High Performance 

·Read mode gain= 200 VN 

- Input noise= 1.2 nV/v'Himax. 

- Input capacitance= 17 pF max. 

·Write current range= 15- 50 mA 

- Head voHage swing = 6.0 Vpk 
• Designed for center-tapped ferrtte or MIG 

heads 

• TTL selectable write current boost 

• Power supply fault protection 

• Includes write unsafe detection 

• Enhanced Write to Read recovery 

BLOCK DIAGRAM PIN DIAGRAM 
VCC GND wus VCT 

ROX CJ++++HP++o/ f""---b-87' r'tt7"7t""] 
~YQft7°'"T"'°'"T"'°'"T"'i"'7f+':~f""---b-+""'-, l±"f7'f"§±rn 

Wl!l:lC!lT' • 

1191 - rev. • Not available in 20-pin SOL 

HOX 

HOY 

H1X 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

1-75 

GNO 24 N/C 

N/C 2 23 ~ 

HOX 3 22 RiW 

HOY 4 21 WC 

H1X 5 20 ROY 

H1Y 6 32R1201 19 ROX 
4 

H2X 7 Channels 18 HSO 

H2Y 8 17 HS1 

H3X 9 16 VCC1 

H3Y 10 15 WOI 

VCT 11 14 wus 

VCC2 12 13 WBOOST 

24-Pln SOL, VSOP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

DESCRIPTION 

WRITE MODE 

A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of an internal flip-flop. The flip-flop is triggered by 
the negative transition of the Write Data Input line 
(WDI). A proceeding read mode selection initializes 
the write data flip-flop, WDFF, to pass write current 
through the "X" side of the head. The write current 
magnitude is determined by the value of an external 
resistor Awe connected between WC terminal and 
GND, and is given by: 

lw = K/Rwc, where K =Write Current Constant 

In addition, this current can be given a 30% boost 
without switching in additional resistance values by 
pulling WBOOST low (32R1201/1201R only). 

WRITE MODE FAULT DETECT CIRCUIT 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (ROX, ADY) 
are emitter follower sources, providing low impedance 
outputs. The amplifier gain polarity is non-inverting 
between HnX, HnY inputs and ROX, ADY outputs. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the ROX and ADY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 

MODE SELECTION AND INDICATION CIRCUIT 

Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are de­
scribed in Table1 and Table 2. 

Several circuits are dedicated to detecting fault condi- TABLE 1: Head Select Table 
tions associated with the write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi­
nal if any of the following write fault conditions are 
present: 

• Head open 

• Head center tap open 

• Head shorted 

• Head shorted to ground 

• No write current 

• WDI frequency too low 

• Device in read or idle mode 

The Write Unsafe output is open-collector and is usu­
ally terminated by an external resistor connected to 
VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 

Additionally, a power voltage monitoring circuit is used 
to detect VCC voltage level. If it is too low to permit valid 
data recording, write current is inhibited. With VCC 
voltage level above the inhibiting value, control of write 
current is provided by the mode selection inputs. 

1-76 

Head Selected HS1 HSO 

0 0 0 

1 0 1 

2 1 0 

3 1 1 

TABLE 2: Mode Select Table 

Mode Selected Indicating & 
Select Mode Fault Outputs 

cs R/W wus 
1 x Idle Off 

0 1 Read Off 

0 0 Write on 
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PIN DESCRIPTION 

NAME 110 

HSO-HS1 I 

cs I 

R/W I 

wus o· 
WDI I 

HOX-H3X 1/0 
HOY-H3Y 

RDX,RDY o· 
WC -

WBOOST** I 

VCT -
vcc -
GND -

DESCRIPTION 

SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

Head Select. Logical combinations select one of four Heads. See Table 1 

Chip Select: a low level enables device. Has internal pull-up resistor. 

Read/Write:a high level selects read mode. Has internal pull-up resistor. 

Write Unsafe: a high level indicates an unsafe writing condition 

Write Data In: negative transition toggles direction of head current 

X, Y head connections 

X, Y Read Data: differential read signal output 

Write Current: used to set the magnitude of the write current 

A logic low signal on this pin increases the magnitude of write current by 
typically 30% 

Voltage Center Tap: voltage source for head center tap 

+5V 

Ground 

When more than one R/W device is used, these signals can be wire OR'ed. 
WBOOST available in 32R1201 only (16 and 24-pin options) 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(All voltages referenced to GND. Currents into device are positive.) 

PARAMETER VALUE 

DC Supply Voltage vcc -0.3 to +6 

Digital Input Voltage Range -0.3 to vcc + 0.3 
HS1, HSO, WDI, R/W, CS, WBOOST 

Head Port Voltage Range VH -0.3 to VCC + 0.3 

Write Current Pin Voltage Vwc -0.3 to VCC + 0.3 

WUS Pin Voltl!Q_e Rang_e Vwus -0.3to +6.0 

Write Current Zero-Peak IW 60 

RDX, ROY Output Current lo -10 

ROX, ROY Pin Voltage vcc +0.3 

VCT Output Current Range Iver -60 mA to +10 µA 

WUS Output Current Range lwus 1.0mAto-10mA 

Storage Temperature Range Tstg -65 to 150 

Package Temperature (20 sec Reflow) 215 

1-77 

UNITS 

voe 
voe 

voe 
voe 
voe 
mA 

mA 

voe 
mA 

mA 

cc 
cc 



SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

RECOMMENDED OPERATION CONDITIONS 

PARAMETER CONDITIONS 

DC Supply Voltage vcc 
Head Inductance Lh 

Damping Resistor Rd 32R1200/1201 only 

Write Current Range IW 

Junction Temperature Range Tj 

DC CHARACTERISTICS 

MIN 

4.75 

1 

500 

15 

+25 

(Unless otherwise specified, recommended operating conditions apply.) 

POWER SUPPLY 

PARAMETER CONDITIONS MIN 

VCC Supply Current (ICC) Read Mode 

Idle Mode 

Write Mode 

Power Dissipation Read Mode 

Idle Mode 

Write Mode 

DIGITAL 1/0 

PARAMETER CONDITIONS MIN 

VIL Input Low Voltage 
CS, R/W WOI, HSO, HS1, 
WBOOST 

VIH Input High Voltage 2.0 
CS, R/W WOI, HSO, HS1, 
WBOOST 

Ill Input Low Current VIL= 0.4V -0.4 
CS, R/W WOI, HSO, HS1, 
WBOOST 

llH Input High Current VIH = 2.7V 
CS, R/W WOI, HSO, HS1, 
WBOOST 

VOL WUS Output Low Voltage IOL =4.0 mA 

IOH WUS Output High Current VOH = 5.0V 
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NOM MAX UNITS 

5.0 5.25 VDC 

15 µH 

2000 Q 

50 mA 

+135 oc 

NOM MAX UNITS 

28 38 mA 

1.4 2.0 mA 

27 + lw 40+ lw mA 

140 200 mW 

7 10.5 mW 

210 +51w mW 

NOM MAX UNITS 

0.8 voe 

VDC 

mA 

20 µA 

0.5 voe 
100 µA 
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WRITE MODE 

PARAMETER 

Center Tap Voltage VCT 

Head Current (per side) 

Write Current Range 

Write Current Constant "K" 

lwc to Head Current Gain 

WBOOST - Write Current 
Boost Factor* 

Unselected Head Leakage Current 

ROX, ROY Common Mode 
Output Voltage 

ROX, ROY Leakage 

CONDITIONS 

Write Mode 

Write Mode, 
0 ~ VCC ~ 3.9V 

SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

MIN NOM MAX UNITS 

Vee-0.9 voe 
-200 200 µA 

1.0 kn~ Awe~ 3.3 kQ 15 50 mA 

46 50 54 mA-kQ 

20 mA/mA 

WBOOST= Low 1.25 1.35 mA/mA 

85 µA 

2.0 Vee - 2.4 3.5 voe 

ROX, ROY= 4V -100 100 µA 
Idle Mode 

• Not available in 20-pin SOL. 

1191 - rev. 

READ MODE 

PARAMETER CONDITIONS MIN NOM MAX 

Center Tap Voltage Read Mode Vee- 1.5 

Input Bias Current (per side) 20 60 

Output Offset Voltage Read Mode -200 +200 

Common Mode Output Voltage Read Mode 2 Vee- 2.4 3.5 

Common Mode Output Voltage -100 +100 
Change from Write to Read Mode 

FAULT DETECTION CHARACTERISTICS 

Unless otherwise specified recommended conditions apply, lw = 30 mA, Lh = 5 µH, Rd= 750Q. 
(SSI 32R1200 only), F(WOI) = 10 MHz. 

PARAMETER CONDITIONS MIN NOM MAX 

Minimum Rate of WOI Input for 500 
Safe condition 

Maximum Rate of WDI Input for 167 
Unsafe condition 

Minimum voltage value for 4.4 
guaranteed write current turn-on 

Maximum voltage value for 3.9 
guaranteed write current turn-off 
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UNITS 

voe 
µA 

mV 

voe 
mV 

UNITS 

kHz 

kHz 

voe 

voe 



SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

DYNAMIC CHARACTERISTICS AND TIMING 
(Unless otherwise specified, recommended operating conditions apply and lw = 30 mA, Lh = 5 µH, 
Rd= 7500 32R1200 only, f(WDI) = 5 MHz, CL(RDX, ROY):;; 20 pF.) 

WRITE MODE 

PARAMETER CONDITIONS MIN NOM MAX 

Differential Head Voltage Swing 6.0 6.4 

Unselected Head Transient Current 1µH:;; Lh:;; 9.5µH 2 

Differential Output Capacitance 15 

Differential Output Resistance 32R1200 10 

32R1200R 600 960 

READ MODE 

Differential Voltage Gain Vin = 1 mV RMS @ 1 MHz 160 200 240 

Bandwidth (-3dB) 1zs1 < 50, Vin = 1 mVpp 30 60 

Input Noise Voltage BW= 15 MHz, 0.85 1.2 
Lh = 0, Rh= 0 

Differential Input Capacitance Vin = mv RMS f = 5MHz 14 17 

Differential Input Resistance 32R1200 f = 5 MHz 2.0 

32R1200R 460 860 

Dynamic Range AC input voltage where 2 
gain falls to 90% of its 
small signal gain valve, 
f =5 MHz 

Common Mode Rejection Ratio Vern = 100 mVpp @1 MHz 50 75 
< f < 10 MHz 

Power Supply Rejection Ratio t:..Vcc =100 mVpp @1 MHz 45 
< f < 10 MHz 

Channel Separation Unselected Channels: 45 54 
Vin = 20 mVpp 1 MHz 
< f < 10 MHz 

RDX,Y Single Ended Output 30 
Resistance 

Output Current AC Coupled Load, ±1.5 
RDXto ADY 
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UNITS 

V(pk) 

mA(pk) 

pF 

kil 
0 

VN 

MHz 

nV/..fHZ 

pF 

kQ 

0 

mVpp 

dB 

dB 

dB 

Q 

mA 
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SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

DYNAMIC CHARACTERISTICS AND TIMING (continued) 

SWITCHING CHARACTERISTICS 

PARAMETER CONDITIONS 

R/W Read to Write R/W to 90% of write current 

Write to Read R/Wto 90% of 
100 mV. 10 MHz Read signal 
envelope 

cs Unselect to Select CS to 90% lh or to 90% of 
100 mV. 10 MHz 
Read signal envelope 

Select to Unselect CS to 10% lh 

HSO, 1 to any Head To 90% of 100 mV. 10 MHz 
Read signal envelope 

wus Safe to Unsafe (TD1) 

Unsafe to Safe (TD2) Write mode, after fault cleared 

Head Current Rh= 0, Lh = 0 

Prop. Delay (TD3) From 50% points 

Asymmetry WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 

Rise/Fall Time 10% - 90% Points 

WDI 

MIN 

4 

-+----+--. i.- TD2 

wus I --- TD1 ----1 

- -TD3 

HEAD 
CURRENT 

(Ix -ly) 

FIGURE 1: Write Mode Timing Diagram 
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NOM MAX UNITS 

50 100 ns 

.15 1.0 µs 

1.0 2.0 µs 

.05 0.6 µs 

0.6 µs 

8 12 µs 

150 ns 

25 30 ns 

2 ns 

4 20 ns 



SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

READ 
DATA 

NOTES 

see Note 3 

0.1 µF.I_ 

-

: 
MICROPROCESSOR 

LOGIC 
SUPPORT 

551 32P549 READ DATA PROCESSOR 

1. Damping resistors not required on 32R1200R versions. 

+SV 

2K vcc 

wus 

R/W 

~ 

ROX 

ROY 

Awe 

see Note 4 

VCT 

HOX 

HOY 

H1X 

SSl32R120Cl H1Y 

H2X 

H2Y 

H3X 

H3Y 

WC GND 

see Note 1 

TTL 
Control 

2. Limit DC current from ROX and ROY to 100 µA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR'ed. 

3. The power bypassing capacitor must be located close to the 32R1200 with its ground returned directly 
to device ground, with as short a path as possible. 

4. To reduce ringing due to stray capacitance this resistor should be located close to the 32R1200. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 

FIGURE 2: Applications Information 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

GND 24 NiC GND 

N/C 23 cs HOX 

HOX 22 RiW 
HOY 

HOY 21 WC 
H1X 

H1X 20 ADY 

H1Y 32A1201 19 
H1Y 

RDX 

H2X Channels 18 HSO H2X 

H2Y 17 HS1 H2Y 

H3X 16 VCC1 H3X 

H3Y 10 15 WDI 
H3Y 

VCT 11 14 wus 
VCT 

VCC2 12 13 WBOOST 

24-Pin SOL, SOV 

2 

3 

4 

5 32R1200 
4 

6 Channels 

7 

8 

9 

10 

SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

THERMAL CHARACTERISTICS: eja 

24-lead SOL 80°C/W 

20-lead SOL 80°C/W 

16-lead SOL 1os0 crw 

24-lead VSOP 110°crw 

20-lead VSOP 12s0 crw 
20 ~ 

19 RiW 

18 WC GND 16 cs 

17 ADY HOX 2 15 RiW 

16 RDX 
HOY 3 14 WC 

15 HSO H1X 4 32R1201 13 RDY 

14 HS1 H1Y 5 
2 

Channels 12 RDX 

13 vcc 
VCT 6 11 HSO 

12 WDI WBOOST 7 10 vcc 

11 wus wus 8 9 WDI 

20-Pin SOL, SOV 16-Pin SOL 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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DESCRIPTION 

The SSI 32R1220/1221 are bipolar monolithic inte­
grated circuits designed for use with center-tapped 
ferrite or MIG recording heads. They provide a low 
noise read path, write current control, and data protec­
tion circuitry for as many as 4 channels. Power supply 
fault protection is provided by disabling the write cur­
rent generator during power sequencing. A power 
down mode (idle) is provided to reduce power 
consumption to less than 10 mW. The SSI 32R1221 
option provides write current boost feature which can 
be selected without using additional external resistors. 

The SSI 32R1222 option provides a bond option com­
patible with other available three-terminal Read/Write 
devices. 

The SSI 32R1220R/1221R/1222R option provides 
internal 7500 damping resistors. Both devices require 
only a +5V power supply and are available in surface mount 
packages. 

BLOCK DIAGRAM 
VCC GNO wus VCT 

RiW 

ROX rl"'-~..;,++..,.;....,..,......-t-.....;,..... I>"'~_.....,,,, _,..._,.,_...~ 

ROY n;.,'-""'"'""'""'""'""'""'"~f--'-'-""'- i-,.....;.;.;..;...;...;,._ ,__,....--~__, 
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SSI 32R1220/122111222 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

December 1991 
FEATURES 

• +5V (± 10"k) only power supply 

• Low power 

- Pd =150 mW read mode (NOM) 

- Pd ~ 5 mW Idle mode (NOM) 

• High Performance 

- Read mode gain = 250 V N 

- Input noise= 0.8 nV/vHz max. 

·Input capacitance= 17 pF max. 

• Write current range = 15 - 40 mA 

- Head voltage swing= 6.0 Vpk 
• Designed for center-tapped ferrite or MIG 

heads 

• TTL selectable write current boost 

• Pin compatible with 32R1200 

• Power supply fault protection 

• Write unsafe detection 

• Enhanced Write to Read recovery 

PIN DIAGRAM 

GND 20 'OS 

HOX 2 19 RtW 
HOX 

HOY 3 18 WC 

HOY H1X 4 17 RDY 
32R1220 

H1X H1Y 5 4 16 RDX 
Channels 

H2X 6 15 HSO 
H1Y 

H2Y 7 14 HS1 
H2X 

H3X 8 13 vcc 

H2Y H3Y 9 12 WDI 

VCT 10 
H3X 

11 wus 

20-Pln SOL 
H3Y 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R1220/1221 /1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

DESCRIPTION 

WRITE MODE 

A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of an internal flip-flop. The flip-flop is triggered by 
the negative transition of the Write Data Input line 
(WDI). A proceeding read mode selection initializes 
the write data flip-flop, WDFF, to pass write current 
through the "X" side of the head. The write current 
magnitude is determined by the value of an external 
resistor Awe connected between WC terminal and 
GND, and is given by: 

lw = K/Rwc, where K =Write Current Constant 

In addition this current can be given a 30% boost, 
without switching in additional resistance values, by 
pulling WBOOST low (32R1221/1221R only). 

WRITE MODE FAULT DETECT CIRCUIT 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, ADY) 
are emitter follower sources, providing low impedance 
outputs. The amplifier gain polarity is non-inverting 
between HnX, HnY inputs and RDX, ADY outputs. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and ADY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 

MODE SELECTION AND INDICATION CIRCUIT 

Logical control inputs which select mode and head 
channel are TIL compatible. Their functions are de­
scribed in Tablet and Table 2. 

Several circuits are dedicated to detecting fault condi- TABLE 1: Head Select Table 
tions associated with the write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi­
nal if any of the following write fault conditions are 
present: 

• Head open 

• Head center tap open 

• Head shorted 

• Head shorted to ground 

• No write current 

• WDI frequency too low 

• Device in read or idle mode 

The Write Unsafe output is open-collector and is usu­
ally terminated by an external resistor connected to 
VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 

Head Selected HS1 HSO 

0 0 0 

1 0 1 

2 1 0 

3 1 1 

TABLE 2: Mode Select Table 

Mode Selected Indicating & 
Select Mode Fault Outputs 

cs R/W wus 
1 x Idle off 

0 1 Read off 

0 0 Write on* 

Additionally, a power voltage monitoring circuit is used • Provided that no fault is detected. 
to detect VCC voltage level. If it is too low to permit valid 
data recording, write current is inhibited. With VCC 
voltage level above the inhibiting value, control of write 
current is provided by the mode selection inputs. 
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PIN DESCRIPTION 

NAME 1/0 

HSO-HS1 I 

cs I 

R/W I 

wus o· 
WDI I 

HOX-H3X 1/0 
HOY-H3Y 

ROX, ROY o· 
WC -
VCT -
vcc -
GND -
WBOOST** I 

DESCRIPTION 

SSI 32R1220/122111222 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

Head Select. Logical combinations select one of four Heads. See Table 1. 

Chip Select: a low level enables device. Has internal pull-up resistor. 

Read/Write:a high level selects read mode. Has internal pull-up resistor. 

Write Unsafe: a high level indicates an unsafe writing condition. 

Write Data In: negative transition toggles direction of head current. 

X, Y head connections. 

X, Y Read Data: differential read signal output. 

Write Current: used to set the magnitude of the write current. 

Voltage Center Tap: voltage source for head center tap. 

+5V 

Ground 

A logic low signal on this pin increases the write current magnitude by 
typically 30%. 

When more than one R/W device is used, these signals can be wire OR'ed. 
32R1221 only. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(All voltages referenced to GND. Currents into device are positive.) 

PARAMETER VALUE 

DC Supply Voltage vcc -0.3to +6 
Digital Input Voltage Range -0.3 to vcc + 0.3 
HS1, HSO, WDI, R/W, CS, WBOOST 

Head Port Voltage Range VH -0.3 to VCC + 0.3 
Write Current Pin Voltage Vwc -0.3 to VCC + 0.3 
WUS Pin Voltage Range Vwus -0.3to +6.0 
Write Current Zero-Peak IW 60 
ROX, ROY Output Current lo -10 

ROX, ROY Pin Voltage VCC+0.3 

VCT Output Current Range Iver -60 

WUS Output Current Range lwus +12 
Storage Temperature Range Tstg -65 to 150 

Package Temperature (20 sec Reflow) 215 

1-87 

UNITS 

voe 
voe 

voe 
voe 
voe 
mA 

mA 

voe 
mA 

mA 
oc 
oc 



SSI 32R1220/122111222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

RECOMMENDED OPERATION CONDITIONS 

PARAMETER CONDITIONS 

DC Supply Voltage vcc 
Head Inductance Lh 

Damping Resistor Rd 32R1220/1221 & 32R1222 only 

Write Current Range IW 

Junction Temperature Range Tj 

DC CHARACTERISTICS 

MIN 

4.5 

2 

500 

15 

+25 

(Unless otherwise specified, recommended operating conditions apply.) 

POWER SUPPLY 

PARAMETER CONDITIONS MIN 

VCC Supply Current (ICC) Read Mode 

Idle Mode lw= 30 mA 

Write Mode 

Power Dissipation Read Mode 

Idle Mode 

Write Mode 

DIGITALl/0 

PARAMETER CONDITIONS MIN 

VIL Input Low Voltage 
CS, R/W WDI, HSO, HS1 

VIH Input High Voltage 
CS, R/W WDI, HSO, HS1 

2.0 

Ill Input Low Current VIL= 0.4V -0.1 
CS, R/W WDI, HSO, HS1 

llH Input High Current VIH = 2.7V 
CS, R/WWDI, HSO, HS1 

VOL WUS Output Low Voltage 10L=4.0mA 

IOH WUS Output High Current VOH =5.0V 

1-88 

NOM MAX UNITS 

5.0 5.5 voe 
15 µH 

2000 n 
40 mA 

+125 oc 

NOM MAX UNITS 

30 40 mA 

1.0 1.8 mA 

20 + lw 30 + lw mA 

150 220 mW 

5 10 mW 

~00+5lwj 150+51w mW 

NOM MAX UNITS 

0.8 voe 

voe 

mA 

20 µA 

0.5 voe 
100 µA 
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WRITE MODE 

PARAMETER 

Center Tap Voltage VCT 

Head Current (per side) 

Write Current Range 

Write Current Constant "K" 

lwc to Head Current Gain 

Write Current Boost Factor• 

Unselected Head Leakcig_e Current 

ROX, ADY Leakage 

WDI Pulse Width (see Figure 1) 

CONDITIONS 

Write Mode 

Write Mode, 
OsVCCs3.9V 

SSI 32R1220/1221 /1222 
+SV, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

MIN NOM MAX UNITS 

Vcc-0.9 voe 

-200 200 µA 

1.0 kQ s Awes 3.3 kQ 15 40 mA 

24.6 30 32.4 

20 mNmA 

WBOOST=Low 1.25 1.30 1.35 mNmA 

85 ~ 
RDX, ADY =4V -100 100 µA 
Idle Mode 

Vil<-:0.2V PWH 15 ns 

PWL 5 ns 

• 32R1221 only 

1291 - rev. 

READ MODE 

PARAMETER CONDITIONS MIN NOM MAX 

Center Tap Voltage Read Mode Vee- 2.6 

Input Bias Current (Differential) 50 120 

Output Offset Voltage Read Mode -400 +400 
Common Mode Output Voltage Read Mode 2 Vcc-2.3 3.5 

FAULT DETECTION CHARACTERISTICS 

Unless otherwise specified recommended conditions apply, lw = 30 mA, Lh = 5 µH, Rd= 7500. 
F(WDI) = 10 MHz. 

PARAMETER CONDITIONS MIN NOM MAX 

Minimum Rate of WDI Input for 1.25 
Safe condition 

Maximum Rate of WDI Input for 250 
Unsafe condition 

Minimum voltage value for 4.25 
guaranteed write current turn-on 

Maximum voltage value for 3.75 
guaranteed write current turn-off 

1-89 

UNITS 

voe 

µA 

mv 

voe 

UNITS 

MHz 

kHz 

VDC 

voe 

II 



SSI 32R1220/122111222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

DYNAMIC CHARACTERISTICS AND TIMING 
(Unless otherwise specified, recommended operating conditions apply and lw = 30 mA, Lh = 5 µH, 
Rd= 750'1, f(WDI) = 5 MHz, CL(RDX, ROY) :S 20 pF.) 

WRITE MODE 

PARAMETER CONDITIONS MIN NOM MAX 

Differential Head Voltage Swing 6.0 6.6 TBD 

Unselected Head Transient Current 1µH :S Lh :S 9.5µH 2 

Differential Output Capacitance 15 

Differential Output Resistance 32R1220/1221/1222 10 

32R1220R/1221 R/1222R 600 960 

READ MODE 

Differential Voltage Gain Vin= 1 mV RMS 200 250 300 

Bandwidth (-3dB) 1zs1 < 5n, Vin = 1 mVpp 30 

Input Noise Voltage BW= 15 MHz, 0.56 0.8 
Lh = 0, Rh= 0 

Differential Input Capacitance 13 17 

Differential Input Resistance 32R1220/1221/1222 f = 5 MHz 1.2 2.5 

32R1220R/1221 R/1222R 400 860 

Common Mode Rejection Ratio Vern= 100 mVpp@1 MHz 50 
< f < 10 MHz 

Power Supply Rejection Ratio Vcs =100 mVpp@1 MHz 45 
<f < 10 MHz 

Channel Separation Unselected Channels: 50 
Vin = 20 mVpp 1 MHz 
<f<10MHz 

Single Ended Output Resistance 20 30 

Output Current AC Coupled Load, 1.0 1.5 
RDXto ROY 

1-90 

UNITS 

V(pk) 

mA(pk) 

pF 

kn 

n 

VN 

MHz 

nV/../Hz 

pF 

kn 

n 

dB 

dB 

dB 

n 

mA 
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SSI 32R1220/1221 /1222 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

DYNAMIC CHARACTERISTICS AND TIMING (continued) 

SWITCHING CHARACTERISTICS 

PARAMETER 

R/W Read to Write 

Write to Read 

cs Unselect to Select 

Select to Unselect 

HSO, 1 to any Head 

WUS: Safe to Unsafe (TD1) 

Unsafe to Safe (TD2) 

Head Current 

Prop. Delay - TD3 

Asymmetry 

Rise/Fall Time 

WDI 

wus 

HEAD 
CURRENT 
(Ix- ly) 

CONDITIONS MIN 

R/W to 90% of write current 

R/Wto90%of 
100 mV. 10 MHz Read signal 
envelope 

CS to 90% lw or to 90% of 
100 mV. 10 MHz 
Read signal envelope 

To 90% of 100 mV. 10 MHz 
Read signal envelope 

Write Mode, loss of WDI 1.6 

Write Mode, resumption of 
WDI 

From 50% Points, Lh = 0 

Rh=O 

WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 

10% - 90% Points 

FIGURE 1: Write Mode Timing Diagram 
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NOM MAX UNITS 

1.0 µs 

1.0 µs 

1.0 µs 

0.6 µs 

0.6 µs 

8 µs 

1.0 µs 

30 ns 

2 ns 

20 ns 



SSI 32R1220/122111222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 

READ 
DATA 

i------.im 

ROX 

ROY 

SSI 32P549 READ DATA PROCESSOR 

NOTES 

Rwc 

see Note 4 

1 . Damping resistors not required on 32R 1220R/1221 R/1222R versions. 

VCT 

HOX 

HOY 

HIX 

SSl32R1221 H1Y 

H2X 

H2Y 

H3X 

H3Y 

WC GND 

see Note 1 

TTL 
Control 

2. Limit DC current from RDX and ROY to 100 µA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR'ed. 

3. The power bypassing capacitor must be located close to the device with its ground returned directly to 
device ground, with as short a path as possible. 

4. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 

FIGURE 2: Appllcatlons Information 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

GNO 24 N/C GNO 

N/C 23 "CS HOX 

HOX 22 R/W 
HOY 

HOY 4 21 WC 
H1X 

HIX 5 20 ROY 

HIY 6 32Rl221 19 ROX 
H1Y 

4 
H2X 7 Channels 18 HSO H2X 

H2Y 8 17 HSI H2Y 

H3X 9 16 vcc H3X 

H3Y ID 15 WOI 
H3Y 

VCT II 14 wus 
VCT 

N/C 12 13 WllOOST 

24-Pln SOL, SOV 

NIC 

GNO 

HDX 

HDY 

H1X 

HIY 

H2X 

H2Y 

H3X 

H3Y 

VCT 

NIC 

2 

3 

4 
32R1220 

5 4 
Channels 

6 

7 

8 

9 

10 

SSI 32R1220/1221 /1222 
+5V, 2, 4-Channel Ferrite/MIG 

Read/Write Device 

20 ~ 

19 R/W 

18 WC GNO 16 es 
17 ROY HOX 2 15 RIW 

16 ROX HOY 3 14 WC 

15 HSO H1X 4 32R1221 13 ROY 

14 HS1 H1Y 5 
2 

Channels 12 ROX 

13 vcc VCT 6 11 HSO 

12 WOI ~ 7 10 vcc 

11 wus wus 8 9 WOI 

20-Pln SOL, SOV 16-Pln SOL, SON 

24 NIC 

23 ~ 

22 RIW 

4 21 WC 

5 20 ROY 

6 32Rl222 19 ROX 
4 

7 Channels 18 HSO 

17 HS1 

16 vcc 

10 15 WOI 

II 14 wus 

12 13 NIC 

24-Pln SOV 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
lor final design. 

No responsibility is assumed by Silioon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silioon Systems. 
Silicon Systems reserves the right to make changes in specifications al any time wilhoU1 notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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DESCRIPTION 

The SSI 32R2010R is an integrated read/write circuit 
designed for use with two terminal heads in disk drive 
systems. The device contains up to sixteen channels of 
read amplifiers and write drivers and also has an 
internal write current source. An internal 3000 damp­
ing resistor is supplied in write mode, which is switched 
to 1 kn in read mode. 

The circuit operates on +5V and + 12V power supplies 
and is available in a 16 channel 52-pin package, or a 10 
channel, 36 pin SO package. 

SSI 32R2010R 
10, 16-Channel Thin Film 

Read/Write Device 

t;f! g1 ng mt.11; ·6" t.111 
December 1991 

FEATURES 

• High performance 
Read Mode Gain= 150 Typ VN 
Input Noise = 0.58 nV/VHz typ. 

Input capacitance = 15 pf typ. 
Write Current Range= 10 mA to 25 mA 

Write current Rise Time = 8 ns 
Head Voltage Swing = 7 Vpp min 

• Write unsafe detection 

• Dlfferentlal, ECL·llke write data Input 

• Open collector read data output 

• Switch from 3000 damping resistor to 1 k.Q 

read Input resistance 

• Power supply fault protection 

• +5V, + 12V power supplies 

BLOCK DIAGRAM PIN DIAGRAM 

HSO 

HS1 

HS2 

HS3 

ROX 

ROY 

WDX 

WOY 

WC 

1291 - rev. 

VDD1 GND VCC VDD2 

wus 

HOX 

HOY 
H1X 

H1Y 
H2X 
H2Y 
H3X 
H3Y 

H4X 
H4Y 

HSX 

HSY 

H6X 

H6Y 

H7X 
H7Y 
HBX 

HBY 

HBX 
H9Y 
H10X 

H10Y 

H11X 

H11Y 

H12X 

H12Y 
H13X 
H13Y 

H14X 

H14Y 

H1SX 
H1SY 

1-95 

H4Y 

32R2010R -16CG 

VDD2 13 'O AiW 
14 15 16 17 18 19 20 21 22 23 24 25 26 

52-Pln Plastic QFP 

CAUTION: Use handUng procedures necessary 
for a static sensitive component. 



SSI 32R201 OR 
10, 16-Channel Thin Film 
Read/Write Device 

FUNCTIONAL DESCRIPTION 

The SSI 32R201 OR addresses up to 16 channels with 
logic control inputs which are TTL compatible. Head 
selection is accomplished as shown in Table 1. Mode 
selection is accomplished as shown in Table 2. The 
mode select inputs have internal pull up circuits so that 
if an input is open it will rise to the upper logic level and 
force the device into a non-writing condition. 

WRITE MODE 

In Write Mode (R/W and CS low) the circuit functions as 
a current switch. The Head Select Inputs HSO, HS1 , 
HS2 and HS3 determine the selected head. The write 
data inputs (WDX, WOY) determine the polarity of the 
head current. 

The write current magnitude is adjusted by an external 
resistor, Awe, from WC to GND, and is given by: 

lwc = Vwc/Rwc 

Note that actual head current, lhd, is: 

lhd= lwc/ (1 +~~)+!offset 

where Rh is head resistance, Rd is write damping 
resistance and !offset is a constant DC offset current. 

WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi­
tions associated with the write mode. A logical high (off) 
level will be present at the Write Unsafe (WUS) ter­
minal if any of the following write fault conditions are 
present: 

Open head circuit 
Head shorted to ground 
Write current transition frequency too low 
Write mode not logically selected 

The circuit will turn off write current when the head is 
shorted to ground to prevent excessive heat dissipa­
tion. This results in a pulsating WUS signal. 

1-96 

After the fault condition is removed, two transitions of 
the write data input lines are required to clear WUS. 
The Write Unsafe output is open-collector and is usu­
ally terminated by an external resistor connected to 
vcc. 

Additionally, power voltage monitoring circuits are 
used to detect VCC and VDD1 voltage levels. If either 
is too low to permit valid data recording, write current is 
inhibited. 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (ROX, ADY) 
are open collector, requiring external load resistors 
connected to VCC. The amplifier gain polarity is non­
inverting between HnX, HnY inputs and ROX, ADY 
outputs. 

The switch from write to read modes also changes the 
resistance across HnX and Hn Y from its write damping 
value of 3000 to its read mode input value of 1 k!l. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and ADY outputs into a high impedance state 
and deactivates the internal write current source. This 
facilitates multi device installations by allowing the 
read outputs to be wired OR'ed and the write current 
programming resistor to be common to all devices. 

1291 - rev. 



TABLE 1: Head select 

Head Selected HS3 

0 0 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 1 
9 1 
10 1 
11 1 
12 1 
13 1 
14 1 
15 1 

PIN DESCRIPTIONS 

CONTROL INPUT PINS 

NAME TYPE 

cs I 

R/W I 

HSO, HS1, I 
HS2, HS3 

HEAD TERMINAL PINS 

HOX-H15X, 1/0 
HOY-H15Y 

HS2 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 

DATA INPUT/OUTPUT PINS 

WDX, WOY 1/0 
ROX, ADY 1/0 

SSI 32R201 OR 
10, 16-Channel Thin Film 

Read/Write Device 

TABLE 2: Mode Select 

HS1 HSO cs R/W Mode 

0 0 0 0 Write 
0 1 0 1 Read 
1 0 1 0 Idle 
1 1 1 1 Idle 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

DESCRIPTION 

Chip Select Input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 
Read/write select. A logical low level enables the write mode (when CS is 
low). Has internal pull up. 

Head select inputs. Logical combinations select one of sixteen heads. 
See Table 1. Has internal_Q!Jll down resistors. 

X, Y Head connections: Current in the X-direction flows into the X-port. 

Differential write data input. 
Differential Read Data output. These open collector outputs are normally 
terminated in 1 oon resistors to vcc. 

EXTERNAL COMPONENT CONNECTION PINS 

WC 1/0 Resistor connected to GND to provide desired value of write current. 
CIRCUIT MONITOR PINS 

wus 0 Write Unsafe is an open-collector output with the off-state indicating that 
conditions are not proper for a write operation. 

POWER, GROUND PINS 

vcc I +5V LQQic circuit suooh', 
VDD1 I +12V power supply. 
VDD2 I Positive power supply for write current drivers. 
GND I Power supply common. 
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SSI 32R201 OR 
10, 16-Channel Thin Film 
Read/Write Device 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive Supply Voltage, VCC 

Supply Voltage, VDD1. 2 

Operating Junction Temperature 

Storage Temperature 

Package Temperature (20 sec. reflow) 

Input Voltages 

HSO, HS1, HS2, HS3, CS, R/W, WDI 

Head Inputs (Read Mode) 

Outputs 

Read Data (ROX, ROY) 

Write Unsafe (WUS) 

Current Reference (WC) 

Head Outputs (Write Mode) 

POWER SUPPL V 

RATING UNIT 

6 voe 
13.5 voe 

-20 to +130 oc 

-65 to +130 oc 

215 oc 

-0.2 to VCC + 0.2 voe 
TBD voe 

VCC -2.5 to VCC + 0.3 voe 
-0.2V to VCC + 0.2V voe 
-80 mA to 1.0 mA voe 
-80 mA to 1.0 mA mA 

Unless otherwise specified, 4.65V::; VCC::; 5.35V, 10.8V::; VDD1, 2::; 13.2V, 0°c::; T (junction)::; 125°C. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Power Dissipation Idle mode 160 TBD mW 

Read mode 400 TBD mW 

Write mode 340+10lw TBD mW 

Positive Supply Current (ICC) Idle Mode 14 TBD mA 

(Includes ROX, ROY currents) Read Mode 27 TBD mA 

Write Mode 18 TBD mA 

Positive Supply Current (IDD1) Idle Mode 7 TBD mA 

Read Mode 22 TBD mA 

Write Mode 21 TBD mA 

Positive Supply Current (1002) Idle Mode TBD mA 

Read Mode TBD mA 

Write Mode TBD mA 
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DC CHARACTERISTICS 

PARAMETER CONDITIONS 

High-level Input Voltage VIH 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 

Low-level Input Voltage VIL 
(CS, R/W, HSO, HS1, HS2, HS3) 

High-level Input Current llH VIH = 2.7V 
(CS, R/W, HSO, HS1, HS2, HS3) 

Low-level Input Current Ill VIL= 0.4V 
(CS, R/W, HSO, HS1, HS2, HS3) 

High-level Output Voltage VIH 
(WDX, WOY) 

Low-level Output Voltage VIL 
(WDX, WOY) 

High-level Output Current llH 
(WDX, WOY) 

Low-level Input Current Ill 
(WDX, WOY) 

WUS, Low Level Voltage ILUS=8 mA 
(denotes safe condition) 

WUS, High Level Current VHUS=5.0V 
(denotes unsafe condition) 

WRITE MODE 

SSI 32R2010R 
10, 16-Channel Thin Film 

Read/Write Device 

MIN NOM MAX UNIT 

2.0 - v 

0.8 v 

100 µA 

-400 µA 

Vcc-1.10 Vee- 0.81 v 

Vcc-1.45 Vee -1.475 v 

0.5 mA 

-0.5 mA 

0.5 v 

100 µA 

Test Conditions (Unless otherwise specified). VCC = 4.65 to 5.35V, Tj =Oto +125°C, VDD = 10.8 to 13.2V, 
Lh = 470 nH, Rh= 25Q, WDI Tr, Tl< 2 ns, lw = 20 mA. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Current Range, lw (±5%) 10 25 mA 

Write Current Voltage, Vwc 2.0 v 
Differential Head voltage Swing lw=20 mA 7.0 Vpp 

I offset 0.5 mA 

Unselected Head lw = 20 mA, Lh = 0.8 µH, 1 mA(pk) 
Transient Current Rh = 25Q, Non adjacent heads 

tested to minimize external 
coupling effects 

Head Damping Resistance 300 Q 

Differential Output 30 pF 
Capacitance 
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SSI 32R201 OR 
10, 16-Channel Thin Film 
Read/Write Device 

FAULT DETECTION CHARACTERISTICS 
Test conditions same as Write Mode above (unless otherwise specified.) 

CHARACTERISTIC CONDITIONS MIN NOM MAX 

VCC Value for Write lh < 1 mA 3.6 4.0 4.65 
Current Turn off 

VDD Value for Write lh < 1 mA 8.8 9.8 10.8 
Current Turn off 

WDX, WOY Transition Frequency WUS= Low 1.0 

Max Resistance Head to GND lw=20mA TBD 
for Short Detect 

Voltage Across Head for lw = 10 to 25 mA 1.6 2 2.8 
Open Circuit Detect 

READ MODE 
Tests performed with 1000 load resistors from ROX and ROY to VCC. 

PARAMETER CONDITIONS MIN NOM MAX 

Differential Voltage Gain Vin = 1 mVpp, f = 300 kHz 120 150 180 

Voltage Bandwidth (-3dB) Zs < 50, Vin = 1 mVpp 50 70 

(-1dB) 20 

Input Noise Voltage Zs= on, Vin= ov, 0.58 0.84 
Power Bandwidth = 20 MHz 

Differential Input Capacitance Vin= OV, f = 5 MHz 15 26 

Differential Input Resistance Vin = OV, f = 5 MHz 400 1500 

Dynamic Range Input voltage where AC 4 
gain falls to 90% of the gain 
with 0.5 mVpp input signal 

Common Mode Rejection Ratio Vin = 100 mVpp, OV DC 
f =5MHz 50 

Power Supply Rejection Ratio vcc or VDD = 100 mVpp 
f = 5MHz 55 

Channel Separation Unselected channels are 
driven with Vin = 20 mVpp 
@5MHz 43 

Output Offset Voltage -360 360 

Output Leakage Current Idle Mode 20 

Output Common Mode Voltage VCC-0.9 VCC-0.5 VCC-0.3 

Output Voltage Compliance Adjust ROX, Y load voltage VCC-1.5 vcc 
source for <5% THD of either 
output. 
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SWITCHING CHARACTERISTICS 

SSI 32R2010R 
10, 16-Channel Thin Film 

Read/Write Device 

Test conditions same as Write Mode plus ROX, v conneded to vcc through 1 oon resistors, wus with 1 kn 
toVCC. 

PARAMETER CONDmONS MIN NOM MAX UNIT 

Idle to Read/Write Transition Time Delay to 1 O or 90% of Read 0.4 µs 
Output or Write Current 

Read/Write to Idle Transition Time 0.4 µs 

Read to Write Transition Time VLCS=O.BV, 0.4 µs 
Delay to 90% of lw 

Write to Read Transition Time VLCS. O.BV, Delay to 90% of 0.6 µs 
10 MHz Read Signal, 100 mV 
envel~ 

Head Select Switching Delay Read or Write Mode 0.5 µs 
Head Current Rise and Fall Times lw= 25 mA, LH = 0 nH TBD ns 
10%to90% Rh=on 

lw = 15 mA, LH = 1 µH TBD ns 
Rh=45n 

Head Current Rise and Fall 0.5 ns 
Difference 

Head Current Switchi!Jg_ Del~ 50% WDI to 50% lw 30 ns 
Head Current Switching Delay WDX, WOY transitions 2 ns, 0.3 ns 
Difference (Asymmetry) switching time symmetry0.2ns 

Unsafe to Safe Delay After /(data) = 5 MHz 0.20 µs 
Write Data Begins (WUS) Write Mode 
Unsafe to Safe Delay After o.5+Tw• µs 
Write Mode Selected (WUS) 

Safe to Unsafe Delay (WUS) After write mode fault cond- 1.50 µs 
itionoccurs 

Safe to Unsafe Delay (WUS) After exiting write mode 0.5 µs 

*Tw is the period of the write data input. 
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SSI 32R2010R 
10, 16-Channel Thin Film 
Read/Write Device 

PACKAGE PIN DESIGNATIONS 
(Top View) 

THERMAL CHARACTERISTICS: 0 ja 

L 52-Lead QFP SO°C/W 

L 36-Lead SOM 45°C/W 

HOX 36 GND 

HOY 2 35 HS3 

H1X 3 34 ~ 

H1Y 4 33 RIW 

H2X 5 32 WC 

H2Y 6 31 ROY 

H3X 7 30 ROX 

H3Y 8 29 HSO 

H4X 9 28 HS1 
32R2010R 

H4Y 10 10CM 27 HS2 

H5X 11 26 vcc 
H5Y 12 25 WOY 

H6X 13 24 WDX 

H6Y 14 23 wus 
H7X 15 22 V001 

H7Y 16 21 VOD2 

HSX 17 20 H9Y 

HSY 18 19 H9X 

36-Pin SOM 

~ ~ > ~ ~ ! ~ ~ ~ ! ~ ~ ~ :c :i: ! :i: :i: :i: :i: :i: :i: % 

H11X 1 H4Y 

38 H4X 

37 H3Y 

36 H3X 

35 H2Y 

34 H2X 

32R2010R • 16CG 33 H1Y 

32 H1X 

31 HOY 

H15Y 30 HOX 

29 GND 

28 ~ 

VDD2 27 R/W 
15 16 17 18 19 20 21 22 23 24 25 26 

c Q UIX>gilJ~~~ ~ ~ ~ z ijljl :i: §! Cl a: 

52-Pln Plastic QFP 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed bY Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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WC 

DESCRIPTION 

The SSI 32R2015R is an integrated read/Write circuit 
designed for use with two terminal heads in disk drive 
systems. The device contains sixteen channels of read 
amplifiers and write drivers and also has an internal 
write current source. An internal 300n damping resis­
tor is supplied in write mode, which is switched to 1 kn 
in read mode. 

The circuit operates on +5V and+ 12V power supplies 
and is available in a 52-pin package. 

SSI 32R2015R 
16-Channel Thin Film 

Read/Write Device "'*' na+ m(.] i; ·k" [,]" 
December 1991 

FEATURES 

• High performance 
Read Mode Gain= 150 Typ VIV 

Input Noise= 0.58 nV/..JHz typ. 

Input capacitance= 15 pF typ. 

Write Current Range= 10 mA to 25 mA 

WrHe Current Rise Time = 8 ns 

Head Voltage Swing = 7 Vpp min 

• Write unsafe detection 

• TTL write data Input 

• Open collector read data output 

• Switch from 300n damping resistor to 1 kn 
read Input resistance 

• Power supply fault protection 

• +5V, +12V power supplies 

BLOCK DIAGRAM PIN DIAGRAM 

VD01 GNO voe 

a 

s Cl" 

Write 
Transition 
Otltactar 

Write 
Fautt 

Detector 

WUS 

VOD2 

Read 
Preamplifier 

And 
Write 

Current 
Switch 

(16·Channels) 

HOX 

HOY 
H1X 

H1Y 

H2X 
H2Y 

H3X 
H3Y 

H4X 

H4Y 
HSX 
HSY 

H6X 

H6Y 
H7X 

H7Y 
H8X ~00 13 v ~ 
H8Y 14 15 16 17 18 19 20 21 22 23 24 25 26 
H9X 
H9Y 
H10X 

H10Y 

H11X 

H11Y 

H12X 
H12Y 

H13X 

H13Y 

H14X 52-Pin Plastic QFP 
H14Y 

H1SX 
H15Y 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 

FUNCTIONAL DESCRIPTION 

The SSI 32R2015R addresses up to 16 channels with 
logic control inputs which are TTL compatible. Head 
selection is accomplished as shown in Table 1. Mode 
selection is accomplished as shown in Table 2. The 
mode select inputs have internal pull up circuits so that 
if an input is open it will rise to the upper logic level and 
force the device into a non-writing condition. 

WRITE MODE 

In Write Mode (R/W and CS low) the circuit functions as 
a current switch. The Head Select Inputs HSO, HS1, 
HS2 and HS3 determine the selected head. Write 
current is toggled between the X and Y .direction of the 
selected head on each high to low transition on pin 
WDI, Write Data Input. 

A preceding read operation initializes the Write Data 
Flip-Flop (WDFF) to pass data in the X-direction of the 
head. The write current magnitude is adjusted by an 
external resistor, Awe, from WC to GND, and is given 
by: 

lwc = Vwc/Rwc 

Note that actual head current, lhd, is: 

lhd=lwc/(1+ ~~)+loffset 

where Rh is head resistance, Rd is.write damping 
resistance and loffset is a constant DC offset current. 

WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi­
tions associated with the write mode. A logical high (off) 
level will be present at the Write Unsafe (WUS) ter­
minal if any of the following write fault conditions are 
present: 

Open head circuit 
Head shorted to ground 
Write current transition frequency too low 
Write mode not logically selected 

The circuit will turn off write current when the head is 
shorted to ground to prevent excessive heat dissipa­
tion. This results in a pulsating WUS signal. 

After the fault condition is removed, two negative 
transitions of WDI are required to clear WUS. 

The Write Unsafe output is open-collector and is usu­
ally terminated by an external resistor connected to 
vcc. 

Additionally, power voltage monitoring circuits are 
used to detect VCC and VDD1 voltage levels. If either 
is too low to permit valid data recording, write current is 
inhibited. 

READ MODE 

In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (ROX, ADY) 
are open collector, requiring external load resistors 
connected to VCC. The amplifier gain polarity is non­
inverting between HnX, HnY inputs and ROX, ADY 
outputs. 

The switch from write to read modes also changes the 
resistance across HnX and HnY from its write damping 
value of 3000 to its read mode input value of 1 kn. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the ROX and ADY outputs into a high impedance state 
and deactivates the internal write current source. This 
facilitates multi device installations by allowing the 
read outputs to be wired OR'ed and the write current 
programming resistor to be common to all devices. 
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TABLE 1: Head Select 

Head Selected HS3 

0 0 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 1 
9 1 
10 1 
11 1 
12 1 
13 1 
14 1 
15 1 

PIN DESCRIPTIONS 

CONTROL INPUT PINS 

NAME TYPE 

cs I 

R/W I 

HSO, HS1, I 
HS2, HS3 
HEAD TERMINAL PINS 

HOX-H15X, 1/0 
HOY-H15Y 

HS2 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 

DATA INPUT/OUTPUT PINS 

WDI 1/0 
RDX,RDY 1/0 

SSI 32R2015R 
16-Channel Thin Film 

Read/Write Device 

TABLE 2: Mode Select 

HS1 HSO ~ R/W Mode 

0 0 0 0 Write 

0 1 0 1 Read 
1 0 1 0 Idle 
1 1 1 1 Idle 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

DESCRIPTION 

Chip Select Input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 
Read/Write select. A logical low level enables the write mode (when CS is 
low). Has internal pull up. 

Head select inputs. Logical combinations select one of ten heads. 
See Table 1. Has internal~ull down resistors. 

X, Y Head connections: Current in the X-direction flows into the X-port. 

TTL Write Data Input: a negative transition toggles the direction of the head current. 
Differential Read Data output. These open collector outputs are normally 
terminated in 1000 resistors to VCC. 

EXTERNAL COMPONENT CONNECTION PINS 

WC 1/0 Resistor connected to GND to provide desired value of write current. 
CIRCUIT MONITOR PINS 

wus 0 Write Unsafe is an open-collector output with the off-state indicating that 
conditions are not proper for a write operation. 

POWER, GROUND PINS 

vcc I +SV Logic circuit supply. 
VDD1 I +12Vpowersupp!Y_, 
VDD2 I Positive power supply for write current drivers. 
GND I Power supply common. 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive Supply Voltage, VCC 

Supply Voltage, VDD1, 2 

Operating Junction Temperature 

Storage Temperature 

Package Temperature (20 sec. reflow) 

Input Voltages 

HSO, HS1, HS2, HS3, CS, R/W, WDI 

Head Inputs (Read Mode) 

Outputs 

Read Data (RDX, ADY) 

Write Unsafe (WUS) 

Current Reference (WC) 

Head Outputs (Write Mode) 

POWER SUPPLY 

RATING UNIT 

6 voe 
13.5 voe 

-20 to +130 oc 
-65 to +130 oc 

215 oc 

-0.2 to VCC + 0.2 voe 
TBD voe 

VCC -2.5 to VCC + 0.3 voe 
-0.2V to VCC + 0.2V voe 
-80 mA to 1.0 mA voe 
-80 mA to 1.0 mA mA 

Unless otherwise specified, 4.65V s VCC s 5.35V, 10.8V s VDD1, 2 s 13.2V, 0°c s T (junction) s 125°C. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Power Dissipation Idle mode 160 TBD mW 

Read mode 400 TBD mW 

Write mode 340+10 lw TBD mW 

Positive Supply Current (ICC) Idle Mode 14 TBD mA 

(Includes ROX, ADY currents) Read Mode 27 TBD mA 

Write Mode 18 TBD mA 

Positive Supply Current (IDD1) Idle Mode 7 TBD mA 

Read Mode 22 TBD mA 

Write Mode 21 TBD mA 

Positive Supply Current (IDD2) Idle Mode TBD mA 

Read Mode TBD mA 

Write Mode TBD mA 
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DC CHARACTERISTICS 

PARAMETER CONDITIONS 

High-level Input Voltage VIH 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 

Low-level Input Voltage VIL 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 

High-level Input Current llH VIH = 2.7V 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 

Low-level Input Current Ill VIL= 0.4V 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 

WUS, Low Level Voltage ILUS= 8 mA 
(denotes safe condition) 

WUS, High Level Current VHUS = 5.0V 
(denotes unsafe condition) 

WRITE MODE 

SSI 32R2015R 
16-Channel Thin Film 

Read/Write Device 

MIN NOM MAX UNIT 

2.0 - v 

0.8 v 

100 µA 

-400 µA 

0.5 v 

100 µA 

Test Conditions (Unless otherwise specified). VCC = 4.65 to 5.35V, Tj =Oto + 125°C, VDD = 10.8 to 13.2V, 
Lh = 470 nH, Rh = 25il, WDI Tr, Tl < 2 ns, lw = 20 mA. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Current Rarm..e lwJ_±5%l_ 10 25 mA 

Write Current Voltcm_e, Vwc 2.0 v 
Differential Head voltcm_e Swiri_g_ lw = 20 mA 7.0 V_QQ_ 

I offset 0.5 mA 

Unselected Head lw = 20 mA, Lh = 0.8 µH, 1 mA(pk) 
Transient Current Rh = 25il, Non adjacent heads 

tested to minimize external 
coupling effects 

Head Damping Resistance 300 n 
Differential Output 30 pF 
Capacitance 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 

FAULT DETECTION CHARACTERISTICS 
Test conditions. same as Write Mode above (unless otherwise specified.) 

CHARACTERISTIC CONDITIONS MIN NOM MAX 

VCC Value for Write lh < 1 mA 3.6 4.0 4.65 
Current Turn off 
VDD Value for Write lh < 1 mA 8.8 9.8 10.8 
Current Turn off 

WDI Transition Frequency WUS=Low 2.0 
Max Resistance Head to GND lw=20mA TBD 
for Short Detect 

Voltage Across Head for lw = 10 to 25 mA 1.6 2 2.8 
Open Circuit Detect 

READ MODE 
Tests performed with 1000 load resistors from ROX and ROY to VCC. 

PARAMETER CONDITIONS MIN NOM MAX 

Differential Voltage Gain Vin = 1 mVpp, f = 300 kHz 120 150 180 

Voltage Bandwidth (-3dB) Zs < 50, Vin = 1 mVpp 50 70 

(-1dB) 20 

Input Noise Voltage Zs=0'2, Vin=OV, 0.58 0.84 
Power Bandwidth = 20 MHz 

Differential Input Capacitance Vin= OV, f = 5 MHz 15 26 
Differential Input Resistance Vin = OV, f = 5 MHz 400 1500 
Dynamic Range Input voltage where AC 4 

gain falls to 90% of the gain 
with 0.5 mVpp input signal 

Common Mode Rejection Ratio Vin = 100 mVpp, OV DC 
f = 5 MHz 50 

Power Supply Rejection Ratio VCC or VDD = 100 mVpp 
f =5 MHz 55 

Channel Separation Unselected channels are 
driven with Vin = 20 mVpp 
@5MHz 43 

Output Offset Voltage -360 360 
Output Leakage Current Idle Mode 20 
Output Common Mode Voltage VCC-0.9 VCC-0.5 VCC-0.3 

Output Voltage Compliance Adjust ROX, Y load voltage VCC-1.5 vcc 
source for <5% THO of either 
output. 
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SWITCHING CHARACTERISTICS 

SSI 32R2015R 
16-Channel Thin Film 

Read/Write Device 

Test conditions same as Write Mode plus ROX, Y connected to VCC through 1 oon resistors, WUS with 1 kn 
toVCC. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Idle to Read/Write Transition Time Delay to 1 O or 90% of Read 0.4 µs 
OUtput or Write Current 

Read/Write to Idle Transition Time 0.4 µs 

Read to Write Transition Time VLCS=0.8V, 0.4 µs 
Delay to 90% of lw 

Write to Read Transition Time VLCS = 0.8V, Delay to 90% of 0.6 µs 
1 O MHz Read Signal, 100 mV 
envel~e 

Head Select Switching Delay Read or Write Mode 0.5 µs 
Head Current Rise and Fall Times lw = 25 mA, LH = 0 nH TBD ns 
10%to90% Rh=OO 

lw = 15 mA, LH = 1 µH TBD ns 
Rh =450 

Head Current Rise and Fall 0.5 ns 
Difference 
Head Current Switching Delay 50% WDI to 50% lw 30 ns 
Head Current Switching Jitter WDI transitions 2 ns, 0.3 ns 
(Asymmetry) switching time symmetry 0.2 ns 

Unsafe to Safe Delay After f (data) = 5 MHz 0.20 µs 
Write Data Begins (WUS) 

Unsafe to Safe Delay After 0.5 +Tw* µs 
Write Mode Selected (WUS) 
Safe to Unsafe Delay (WUS) After write mode fault cond- 1.50 µs 

ition occurs 
Safe to Unsafe Delay (WUS) After exiting write mode 0.5 µs 

*Tw is the period of the write data input. 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 

PACKAGE PIN DESIGNATIONS 
(Top View) 

THERMAL CHARACTERISTICS: 9ja 

52-Lead QFP 50°C/W 
H12X 

H13X 

H13Y 

H14X 

H14Y 

H15X 

H15Y 

N/C 

N/C 

VDD2 

> x 
Q 0 0 

i i z 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 15 16 

Ei Cl en z :::> 
Cl (!) :;: > 

> x x ?a x > x ?a (!: ~ "' "' ! "' "' "' :i:: :i:: :i:: :i:: :i:: :i:: :i:: :i:: :i:: 

H4Y 

38 H4X 

37 H3Y 

36 H3X 

35 H2Y 

34 H2X 

33 HIV 

32 HIX 

31 HOY 

30 HOX 

29 GND 

28 ~ 

27 P.iW 
17 18 19 20 21 22 23 24 25 26 

Q Ci ~ Ii! "' ;;; 0 x > 0 en en Cl Cl :;: z :;: :i:: :i:: :i:: :i:: a: a: 

52-Pin Plastic QFP 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 
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DESCRIPTION 

The SSI 32R2020R/2021 Rare bipolar monolithic inte­
grated circuits designed for use with two-terminal re­
cording heads. They provide a low noise read ampli­
fier, write current control, and data protection circuitry 
for up to ten channels. The SSI 32R2020R/2021 R 
provide internal 3200 damping resistors. Damping 
resistors are switched in during write mode and 
switched out during read mode. Power supply fault 
protection is provided by disabling the write current 
generator during power sequencing. System write to 
read recovery time is significantly improved by control­
ling the read channel common mode output voltage 
shift in the write mode. The 32R2021 R option provides 
the user with a controllable write current adjustment 
feature. 

The SSI 32R2020R/2021 R require only +5V power 
supplies and are available in a variety of packages. 
They are hardware compatible with the 32R4610A/ 
4611 A read/write devices. 

SSI 32R2020R/2021 R 
5V, 2, 4, 6, 10-Channel 

Thin-Film Read/Write Device 

tUfkiUftjmt.1;;.pot.UI 
December 1991 

FEATURES 

• +5V ±1 O"k supply 

• Lowpower 

- PD = 130 mW read mode (Nom) 

- PD = 5 mW Idle (Max) 

• High Performance: 

- Read mode gain= 300 VN 

• Input noise= 0.56 nV/../Hz (Nom) 

- Input capacitance= 15 pF (Nom) 

- Write current range = 5-35 mA 

• Self switching damping resistance 

• Designed for two-termlnal thin-film or MIG 
heads with Inductance up to 5.0 µH 

• Pin compatible with the 32R461 OAR/4611 AR 

• Write unsafe detection 

• Power supply fault protection 

• Head short to ground protection 

BLOCK DIAGRAM PIN DIAGRAM 
VCC1 GND wus VCC2 

ROX n,,.._,..'°'""",....,..c.'-',,.f,..,+~..y 14----,....,..c._....,.'"'-! 

ADV I ,_..,.,,-..----..,.._._____,,......___........._ ,..,....._..~ _ _......._....._,_.. 

WDI 

WC WCAOJ 
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HOX 

HOV 

HIX 

HIV 

H2X 

H2V 

H3X 

H3V 

GNO 20 ~ 

19 RNJ 

18 we 

17 ROY 

HIV 5 32R2020R 16 ROX 

4 
H2X 6 Channels 15 HSO 

14 HSI 

13 VCCI 

12 WDI 

VCC2 10 II wus 

20-PIN SOL 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R2020R/2021 R 
SV, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R2020R/2021 R have the ability to address up to 1 O two-terminal heads and provide write drive or read 
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have 
internal pull-up resistors to prevent an accidental write condition. HSO and HS1 have internal pulldowns. Internal 
clamp circuitry will protect the IC from a head short to ground condition in any mode. 

TABLE 1: Mode Select TABLE 2: Head Select 

cs R/W Mode HS3 HS2 HS1 HSO Head 

0 0 Write 0 0 0 0 0 

0 1 Read 0 0 0 1 1 

1 0 Idle 0 0 1 0 2 

1 1 Idle 0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 

1 0 0 1 9 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

HSO, HS1, t 
HS2, HS3 I Head Select: selects one of ten heads 

cs I Chip Select: a high inhibits the chip 

R/W t I Read/Write : a high selects Read mode 

wus t 0 Write Unsafe: a high indicates an unsafe writing condition 

WDI t I Write Data In: changes the direction of the current in the recording head 

HOX- H3X; 
HOY - H3Y 1/0 X, Y Head Connections 

ROX, ADY t 0 X, Y Read Data: differential read data output 

WC t Write Current: used to set the magnitude of the write current 

WC ADJ* t Write Current Adjust: Used to fine tune the write current 

VCC1 I +SV Supply 

VCC2 I +SV Supply for Write current drivers 

GND I Ground 

* Available on 32R2021 R 24-pin option only 

t When more that one R/W device is used, signals can be wire OR'ed 
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WRITE MODE 

Taking both CS and R/W low selects write mode which 
configures the SSI 32R2020R/2021 R as a current 
switch and activates the Write Unsafe (WUS) detector 
circuitry. Head current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). Note that a preceding 
read or idle mode select initializes the Write Data Flip­
Flop to pass write current through the "X" side of the 
head. The magnitude of the write current (0-pk) is 
given by: K•VWC 

IW=-R-W_C_ 

RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 

Where: 

Ix Y lw 
' 1 +Rh/Rd 

Rh = Head resistance plus external wire 

resistance 

Rd = Damping resistance 

In write mode a 320'1 damping resistor is switched in 
across the Hx, Hy ports. 

The 32R2021 R adds a feature which allows the user to 
adjust the lw current by a finite amount. The WCADJ 
pin is used to adjust write currentforwrite operations on 
different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCADJ pin or by connecting a DAC to that pin to sink 
a controllable amount of current. The WCADJ pin is 
nominally biased to VCC/2. Sinking current from this 
pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCADJ to float or pulling it high will cut off the 
circuit and it will have no effect. A TTL gate can be used 
as a switch with a small degradation in accuracy. The 
amount of write current decrease is shown below: 

lw head (decrease) (mA) = (29 • VwcADJ/RwcADJ) 

where: 

VwcADJ = Vcc/2 (volts) 

RwcADJ = write current adjust setting resistor (kn) 

Example: For a 7.25 mA head current decrease, 
RWCADJ = (29 • 2.5) / 7.25 = 10 k.Q 

SSI 32R2020R/2021 R 
5V, 2, 4, 6, 10-Channel 

Thin-Film Read/Write Device 

VOLTAGE FAULT 

A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt­
age fault or power startup regardless of mode. 

WRITE UNSAFE 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WDI frequency too low 

Device in Read mode 

Chip disabled 

No head current 

Head opened 

To insure no false WUS trigger, the product of head 
current and head resistance (lxy • RH) should be 
between 100 mV and 1.7V. 

After the fault condition is removed, one negative 
transition on WDI is required to clear WUS. 

READ MODE 

The Read mode configures the SSI 32R2020R/2021 R 
as a low noise differential amplifier and deactivates the 
write current generator. The damping resistor is 
switched out of the circuit allowing a high impedance 
input to the read amplifier. The ROX and ROY output 
are driven by emitter followers. They should be AC 
coupled to the load. The (X, Y) inputs are non-inverting 
to the (X, Y) outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and ROX, ROY outputs become high im­
pedance. This facilitates multiple R/W applications 
(wired-OR ROX, ROY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the ROX and ROY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 
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SSI 32R2020R/2021 R 
SV, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 

PARAMETER RATING 

DC Supply Voltage VCC1 -0.3to +6 

VCC2 -0.3 to +6 

Write Current lw 60 

Digital Input Voltage Vin -0.3 to VCC1 +0.3 

Head Port Voltage VH -0.3 to VCC2 +0.3 

Output Current: RDX, ADY 10 -10 

wus +12 

Storage Temperature Tstg -65 to +150 

RECOMMENDED OPERATING CONDITIONS 

DC Supply Voltage VCC1 = VCC2 5±10% 

Operating Junction Temperature Tj +25 to +110 

Recommended Head Load Range Lh 0.3 - 5.0 

DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 

PARAMETER CONDITIONS MIN 

VCC1 Supply Current Read Mode 

Write Mode 

Idle Mode 

VCC2 Supply Current Read Mode 

Write Mode 

Idle Mode 

Power Dissipation Read Mode 

Write Mode 

Idle Mode 

VCC1 Fault Voltage lw< 0.2 mA 3.5 

1-114 

UNIT 

VDC 

VDC 

mA 

VDC 

VDC 

mA 

mA 

oc 

VDC 

oc 
µH 

NOM MAX UNIT 

20 mA 

25 mA 

0.6 mA 

7 mA 

4+1w mA 

0 mA 

135 TBD mW 

145+ 41w TBD mW 

3 TBD mW 

3.9 4.2 VDC 
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DIGITAL INPUTS 

PARAMETER CONDITIONS 

Input Low voltage (VIL) 

Input High Voltage (VIH) 

Input Low Current VIL=0.8V 

Input High Current VIH =2.0V 

WUS Output Low Voltage (VOL) lol=2 mAmax 

WRITE CHARACTERISTICS 

SSI 32R2020R/2021 R 
5V, 2, 4, 6, 10-Channel 

Thin-Film Read/Write Device 

MIN NOM MAX UNIT 

0.8 voe 
2.0 voe 
-0.4 mA 

100 µA 

0.5 voe 

Recommended operating conditions apply unless otherwise specified. 

Write Current Constant "K" .99 

Write Current Voltage (VWC) 1.15 1.25 1.35 

WCADJ Voltage 
SSI 32R2021 R IWCADJ = 0 to .5 mA 2.0 VCC/2 3.0 

I head( Decrease)/lwcADJ 
SSl32R2021R 26 29 32 

IWCADJ Range 
SSI 32R2021 R 0.0 0.5 

Differential Head Voltage Swing lh(p-p) • Rh not to exceed 
3.4V (head swing min) 3.4 

Unselected Head Current 1 

Head Differential Load 
Capacitance 25 

Head Differential Load 
Resistance (Rd) 320 

WDI Pulse Width Vil~0.2V PWH 10 

PWL 5 

Write Current Range (lw) 5 35 

READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. CL (ROX, ROY)< 20 pF, 
AL (ROX, ROY) = 1 kn. 

Differential Voltage Gain Vin = 1 mVpp @1 MHz 250 300 350 

Voltage BW -1dB 1zs1 < 5n, Vin = 1 mVpp 20 

-3d8 35 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh= 0 0.56 0.8 

Differential Input Capacitance Vin = 1 mVpp, / = 5 MHz 15 20 

Differential Input Resistance Vin = 1 mVpp, / = 5 MHz 720 1200 
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v 

voe 

mA/mA 

mA 

Vpp 

mA(pk) 

pF 

n 

ns 

ns 

mA 

VN 

MHz 

MHz 

nV/..JHz 

pF 

n 



SSI 32R2020R/2021 R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 

READ CHARACTERISTICS (Continued) 
Recommended operating conditions apply unless otherwise specified. CL (ROX, ADY) < 20 pF, 
AL (ROX, ROY) = 1 k.O. 

PARAMETER CONDITIONS MIN NOM MAX 

Dynamic Range AC input voltage where gain 
falls to 90% of its small signal 
gain value, f = 5 MHz 2 

Common Mode Rejection Ratio Vin= o voe+ 100 mVpp 
@5MHz 45 

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 40 

Channel Separation Unselected channels driven 
with Vin = o voe + 1 oo mVpp 45 

Output Offset Voltage ±300 

Single Ended Output Resistance f =5MHz 50 

Output Current AC coupled load, ROX to ADY 1 

ROX, ADY Common Mode 
Output Voltage 2.0 Vcd2 3.5 

SWITCHING CHARACTERISTICS 

UNIT 

mVpp 

dB 

dB 

dB 

mv 

n 
mA 

voe 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 µH, Rh = 300 
/(Data) = 5 MHz. 

R/W Read to Write R/W to 90% of write current 0.1 0.6 µs 

Write to Read R/Wto90%of 
100 mV Read signal envelope TBD 1 µs 

cs Unselect to Select CS to 90% of write current or 
to 90% of 100 mV 10 MHz 0.15 2 µs 

Select to Unselect CS to 10% of write current 0.11 0.6 µs 

HS0, 1 to any Head To 90%of 100 mv 10 MHz 
Read signal envelope TBD 1 µs 

WUS: Safe to Unsafe (TD1) Write mode, IQss of WDI 0.6 2.0 3.6 µs 
transitions. Defines maximum 
WCI period for WUS operation 

Unsafe to Safe (TD2) Fault cleared from first neg 0.2 1.0 µs 
WCI transition 

Head Current: Lh = 0, Rh= 0 

WDI to Ix - ly (TD3) from 50% points 15 32 ns 

Asymmetry WCI has 1 ns rise/fall time 1.0 ns 

Rise/fall Time 10% to 90% points 9.0 ns 
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WDI 

wus 

SSI 32R2020R/2021 R 
5V, 2, 4, 6, 10-Channel 

Thin-Film Read/Write Device 

----+--~ HEAD I . 
CURRENT 

(Ix - ly) 

FIGURE 1: Write Mode Timing Diagram 

Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2020R/2021 R 

Case 1: IC Base sheet resistance = Maximum 

1291 - rev. 

Hence, IC bias current= Minimum 

Tj = 25°C 

Vn (Max) TBD 
Rin (Min) TBD 
Cin (Max) TBD 

Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias current = Maximum 

Tj = 2s0 c 

Vn1Maxj_ TBD 
Rin (Min) TBD 
Cin (Max) TBD 
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Tj = 110°c Units 

TBD nvr/Hz 

TBD n 
TBD pF 

Tj = 110°c Units 

TBD nvr/Hz 
TBD n 
TBD pF 



SSI 32R2020R/2021 R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 

PACKAGE PIN DESIGNATIONS 
(Top View) 

GNO 24 t:S" HOX 

NIC 23 RIW HOY 

HOX 22 NIC HIX 

HOY 4 21 WCADJ HIV 4 

HIX 20 WC H2X 

HIY 6 32R2021R 19 ROY H2'f 6 32R2020R 
4 6 

H2X 7 Channels 18 ROX H3X 7 Channels 

H2Y 17 HSO H3Y 

H3X 16 HSI H4X 

H3Y 10 15 VCCI H4Y 10 

NIC II 14 WDI H5X II 

VCC2 12 13 wus HSY 12 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

24-Pln SOL, SOV 24·Pln SOV 

GNO 16 t:S" GND 

HOX 15 RiW HOX 

HOY 14 WC HOY 

HIX 4 32R2020R 13 ROY HIX 

2 
HIV Channels 12 ROX HIV 

VCC2 II HSO H2X 

NIC 10 VCCI H2Y 

wus WOI H3X 

H3Y 

16-Pln SOL 
VCC2 

GND 

t:S" 

PJW 

WC 

ROY 

ROX 

HSO 

HSI 

HS2 

VCC 

WDI 

wus 

t:S" 

RiW 

WC 

ROY 

ROX 

HSO 

H51 

VCCI 

WOI 

wus 

20-Pln SOL, SOV 

HOX 36 GNO 

HOY 35 HS3 

HIX 34 t:S" 

HIV 4 33 RiW 

H2X 32 WC 

H2Y 31 ROY 

H3X 7 30 ROX 

H3Y 29 HSO 
32R2020R 

H4X 10 28 HSI 
Channel& 

H4Y 10 27 HS2 

H5X II 26 VCCI 

HSY 12 25 WOI 

H6X 13 24 wus 

H6Y 14 23 N/C 

H7X 15 22 VCC2 

H7Y 16 21 N/C 

HBX 17 20 H9Y 

HSY 18 19 H9X 

36·Pln SOM 

Advance Information: Indicates a product still in lhe design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No lioense is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notioe. Acx:ordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

Patent Pending 1-118 1291 - rev. 
©1990 Silicon Systems, Inc. 



DESCRIPTION 

The 55132R2030N2031A are bipolar monolithic inte­
grated circuits designed for use with two-terminal thin­
film recording heads. They provide a low noise read 
amplifier, write current control, and data protection 
circuitry for up to four channels. The 551 32R2030AR/ 
2031 AR option provides internal 7000 damping resis­
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
The 32R2031A option provides for an additional fea­
ture providing the user with a controllable write current 
adjustment feature. 

The 551 32R2030N2031 A require only +5V power 
supplies and are available in a variety of packages. 

SSl32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 

Read/Write Device 

141 NU na:a mt.] i; ·k" [,] ,. 
December 1991 

FEATURES 

• 5V±10% 

• Lowpower 

• PD= 175 mW read mode (Nom) 

• High Performance: 

• Read mode gain= 250 VN 

- Input noise = 0.85 nV/vHz max 

• Input capacitance = 35 pf max 

·Write current range= 10-35 mA 

• Designed for two-terminal thln·fllm heads or 
MIG heads up to 5 µH 

• Programmable write current source 

• Write unsafe detection 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Head short to ground protection 

BLOCK DIAGRAM PIN DIAGRAM 

WC WCAOJ 

1291 - rev. WCADJ available on the 32R2031A 24-pin option only 

HOX 

HOY 

H1X 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

GNO 20 ~ 

HOX 2 19 p,jW 

HOY 3 18 WC 

H1X 4 17 ROY 

H1Y 5 32R2030A 16 ROX 

4 
H2X 6 Channels 15 HSO 

H2Y 7 14 HS1 

H3X 8 13 VCC1 

H3Y 9 12 WOI 

VCC2 10 11 wus 

20-PIN SOL 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32R2030A/2031 A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R2030N2031A has the ability to address up to 4 two-terminal thin-film heads and provide write drive 
or read amplification. Head selection and mode control are described in Tables 2 and 3. The TTL inputs R/W and 
CS have internal pull-up resistors to prevent an accidental write condition. HSO, and HS1 have internal pulldowns. 
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 

TABLE 1: Mode Select TABLE 2: Head Select 

cs R/W Mode HS1 HSO Head 

0 0 Write 0 0 0 

0 1 Read 0 1 1 

1 0 Idle 1 0 2 
1 1 Idle 1 1 3 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

HSO, HS1 I Head Select: selects one of four heads 

cs I Chip Select: a high inhibits the chip 

R/W t I Read/Write : a high selects Read mode 

wus t 0 Write Unsafe: a high indicates an unsafe writing condition 

WDI t I Write Data In: changes the direction of the current in the recording head 

HOX- H7X; 
HOY - H7Y 110 X, Y Head Connections 

ROX, ROY t 0 X, Y Read Data: differential read data output 

WC t Write Current: used to set the magnitude of the write current 

WCADJ* t Write Current Adjust: Usedtodecreasethewrite current by a finite amount 

VCC1 I +SV Supply 

VCC2 I +SV Supply for Write current drivers 

GND I Ground 

*Available on 32R2031A 24-pin option only 

t These signals can be wire OR'ed 
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WRITE MODE 

Taking both CS and R/W low selects write mode which 
configures the SSI 32R2030A/2031A as a current 
switch and activates the Write Unsafe (WUS) detector 
circuitry. Head current is toggled between the X and y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). The WDI input pulse 
width requirement is amplitude dependent and pull ups 
are recommended at higher data rates, please refer to 
~he WDI pulse width specifications. Note that a preced­
ing read or idle mode select initializes the Write Data 
Flip-Flop to pass write current through the "X" side of 
t~e head. The magnitude of the write current (O-pk) is 
given by: K. VWC 

IW=--­
RWC 

RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 

Where: 

Ix lw 
'y 1 +Rh/Rd 

Rh = Head resistance plus external wire 

resistance 

Rd = Damping resistance 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WDI frequency too low 

Device in Read mode 

Chip disabled 

No write current 

Afterfault condition is removed, one negative transition 
on WDI is required to clear WUS. 

The 32R2031 A adds a feature which allows the user to 
adjust the lw current by a finite amount. The WCADJ 
p~n is used to adjust write current forwrite operations on 
different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCADJ pin or by connecting a DAC to that pin to sink 
a co~trolla~le amount of current. The WCADJ pin is 
nominally biased to VCC/2. Sinking current from this 
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SSl32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 

Read/Write Device 

pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCAOJ to float or pulling it high will cut off the 
circuit and it will have no effect. For example, if the 
nominal head current is set to 30 mA through WC with 
WCADJ open, then for a 7.25 mA head current de­
crease, a 10 kn resistor would be connected from the 
WCADJ pin to ground. A TTL gate could be used as a 
switch with a small degradation in accuracy. To per­
form the same function, a DAC could be used, by 
programming it to sink 0.25 mA from the WCADJ pin. 

lw head (Decrease) = (29 • VwcADJ I RwcADJ) 

Where: 

VWCAOJ = Voltage on WCAOJ pin = VCC/2 

RWCAOJ = Write current adjust setting resistor 

VOLTAGE FAULT 

A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt­
age fault or power startup regardless of mode. 

READ MODE 

The Read mode configures the SSI 32 R2030A/2031 A 
as a low noise differential amplifier and deactivates the 
write current generator. The ROX and ROY output are 
driven by emitter followers. They should be AC coupled 
to the load. The (X,Y) inputs are non-inverting to the 
(X,Y) outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and ROX, ROY outputs become high im­
pedance. This facilitates multiple R/W applications 
(wired-OR ROX, ROY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the ROX and ROY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 



SSI 32R2030A/2031 A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 

PARAMETER RATING 

DC Supply Voltage VCC1 -0.3 to +7 

VCC2 -0.3 to +7 

Write Current IW 80 

Digital Input Voltage Vin -0.3 to VCC1 +0.3 

Head Port Voltage VH -0.3 to VCC2 +0.3 

Output Current: ROX, ROY 10 -10 

wus +12 

Storage Temperature Tstg -65 to +150 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATING 

DC Supply Voltage VCC1 5±10% 

VCC2 5±10% 

Operating Junction Temperature Tj +25to+110 

DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 

PARAMETER CONDITIONS MIN 

VCC1 Supply Current Read Mode (Vee±5%) 23 

(Vee ±10%) 19 

Write Mode (Vee ±5%) 21 

(Vee ±10%) 17 

*Head Select Pins *Idle Mode (Vee±5%) 6 

(HSO, HS1) Floating (Vee ±10%) 4 

VCC2 Supply Current Read Mode (Vee±5%) 5 

(Vee ±10%) 4 

Write Mode (Vee±5%) 6 

(Vee ±10%) 5 

Idle Mode (Vee±5%) 0.1 

(Vee ±10%) 0.1 

Power Dissipation Read Mode (Vee±5%) 

(Vee ±10%) 

1-122 

UNIT 

voe 
voe 
mA 

voe 
voe 
mA 

mA 

oc 

UNIT 

voe 
voe 
oc 

NOM MAX UNIT 

28 33 mA 

28 37 mA 

24 27 mA 

24 31 mA 

9 12 mA 

9 14 mA 

8 11 mA 

8 12 mA 

8+1w 10+1w mA 

8+1w 11 + lw mA 

0.2 0.4 mA 

0.2 0.5 mA 

175 230 mW 

270 mW 
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DC CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

Power Dissipation (Continued) Write Mode 

Idle Mode 

VCC1 Fault Voltage IW<0.2 mA 

DIGITAL INPUTS 

Input Low voltage (VIL) 

Input High Voltage (VIH) 

Input Low Current VIL= 0.8V 

Input High Current VIH = 2.0V 

WUS Output Low Voltage (VOL) lol = 2 mAmax 

WRITE CHARACTERISTICS 

SSI 32R2030A/2031 A 
5V, 2, 4-Channel Thin-Film 

Read/Write Device 

'MIN NOM MAX UNIT 

(Vee ±5%) 150+41w 190 + 41w mW 

(Vee ±10%) 230 + mW 
4.41w 

(Vee±5%) 50 65 mW 

(Vee ±10%) 80 mW 

3.8 4.0 4.2 voe 

0.8 voe 
2.0 voe 
-0.4 mA 

100 µA 

0.5 voe 

Recommended operating conditions apply unless otherwise specified. 

Write Current Constant "K" .96 .99 

Write Current Voltage (VWC) 1.15 1.25 1.35 v 
WCADJ Voltage 
SSI 32R2031A/2031AR IWCADJ = 0 to .5 mA 2.0 VCC/2 3.0 voe 

-·~-

lhead(Decrease)/lwcADJ 
SSI 32R2031A/2031AR 26 29 32 mA/mA 

lwcADJ Range 
SSI 32R2031A/2031AR 0.0 0.5 mA 

Differential Head Voltage Swing lh (p-p) • Rh not to exceed 
3.4V (Head Swing Min) 3.4 Vpp 

Unselected Head Current 0.02 lw mApk 

Head Differential Load 
Capacitance 25 pF 

Head Differential Load SSl32R2030A/32R2031A 4K n 
Resistance (Rd) SSI 32R2030AR/32R2031AR 560 700 950 Q 

WDI Pulse Width Vil = 0.2V, Vih = 2.4V PWH 37 ns 

(Ref: Figure 1) PWL 5 ns 

Vil= 0.2V, Vih = VCC PWH 20 ns 

PWL 5 ns 

Write Current Range (IW) 10 35 mA 
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SSl32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 

READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. CL (ROX, ROY)< 20 pF, 
RL (ROX, ROY) = 1 kn. 

PARAMETER CONDITIONS MIN NOM MAX 

Differential Voltage Gain Vin = 1 mVpp @1 MHz 200 250 300 

VoltageBW -1dB IZsl < 50, Vin = 1 mVpp 20 60 

-3dB 35 70 

Input Noise Voltage BW = 15 MHz, Lh = 0, Rh= 0 0.6 0.85 

Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz 27 35 

Differential Input Resistance Vin = 1 mVpp, f = 5 MHz 
SSl32R2030A/2031A 835 2600 

SSI 32R2030AR/2031AR 360 550 

Dynamic Range AC input voltage where gain 
falls to 90% of its small signal 
gain value, f = 5 MHz 3 6 

Common Mode Rejection Ratio Vin= o voe+ 100 mVpp 
@5MHz 45 80 

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 40 70 

Channel Separation Unselected channels driven 
with Vin= o voe+ 100 mVpp 45 

Output Offset Voltage -300 +300 

Single Ended Output Resistance f =5MHz 40 

Output Current AC coupled load, ROX to ROY 1.4 

ROX, ROY Common Mode 
Output Voltage 2.0 VCC1/2 3.5 

1-124 

UNIT 

VN 

MHz 

MHz 

nV/"Hz 

pF 

n 
n 

mVpp 

dB 

dB 

dB 

mV 

n 
mA 

voe 
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SWITCHING CHARACTERISTICS 

SSl32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 

Read/Write Device 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 µH, Rh = 30'1 
I (Data) = 5 MHz. 

PARAMETER 

R/W Read to Write 

Write to Read 

cs Unselect to Select 

Select to Unselect 

HS0,1 to any Head 

WUS: Safe to Unsafe (TD1) 

Unsafe to Safe (TD2) 

Head Current: 

WDI to Ix - ly (TD3) 

Asymmetry 

Rise/fall Time 

WDI 

wus 

HEAD 
CURRENT 

(Ix - ly) 

CONDITIONS MIN 

R/W to 90% of write current 

R/Wto 90%of 
100 mv Read signal envelope 

CS to 90% of write current or 
to 90% of 100 mv 10 MHz 

CS to 10% of write current 

To 90% of 100 mV 10 MHz 
Read signal envelope 

Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 0.6 

Fault cleared from first neg 
WDI transition 

Lh = 0, Rh= 0 

from 50% points 

WDI has 1 ns rise/fall time 

10% to 90% points 

FIGURE 1: Write Mode Timing Diagram 
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NOM MAX UNIT 

0.1 1.0 µs 

0.5 1.0 µs 

0.4 1.0 µs 

0.4 1.0 µs 

0.2 1.0 µs 

2.0 3.6 µs 

0.2 1.0 µs 

20 32 ns 

1.0 ns 

6 12 ns 



SSl32R2030A/2031A 
SV, 2, 4-Channel Thin-Film 
Read/Write Device 

Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2030AR/2031AR 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 

Ti= 25°C 

Vn (Max) .7 

Rin (Min) 450 

Cin (Max) 28 

Case 2: IC Base sheet resistance= Minimum 
Hence, IC bias Current = Maximum 

Tj = 25°C 

Vn (Max) .58 

Rin (Min) 360 

Cin (Max) 33 

Ti= 110°c Units 

0.85 nV/'/HZ 

475 Q 

30 pF 

Tj = 110°C Units 

.65 nV/'/HZ 

400 Q 

35 pF 

Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2030N2031 A 

Case 1: IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 

Ti= 25°C 

Vn (Max) .7 

Rin (Min) 1525 

Cin (Max) 28 

Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 

Tj = 25°C 

Vn (Max) .58 

Rin (Min) 835 

Cin (Max) 33 
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Ti= 110°c Units 

0.85 nV/'/HZ 

1895 Q 

30 pF 

Tj = 110°c Units 

.65 nV/'/HZ 

1100 Q 

35 pF 
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SSI 32R2030A/2031 A 
5V, 2, 4-Channel Thin-Film 

Read/Write Device 

PACKAGE PIN DESIGNATIONS 
(Top View) 

GNO 24 cs 
NIC 2 23 RJW 

GND 20 cs 
HOX 3 22 NIC 

HOX 2 19 RH/ 

HOY 4 21 WC ADJ 
GNO 16 cs HOY 3 18 WC 

H1X 5 20 WC 

HOX 2 15 RJW H1X 4 17 ADY 
H1Y 6 32R2031A 19 ROY 

HOY 3 14 WC H1Y 5 32R2030A 16 ROX 4 

4 H2X 7 Channels 18 ROX 

H1X 4 32R2030A 13 ADY H2X 6 Channels 15 HSO 

2 
H2Y 8 17 HSO 

H1Y 5 Channels 12 ROX H2Y 7 14 HS1 
H3X 9 16 HS1 

VCC2 6 11 HSO 
H3X 8 13 VCC1 

H3Y 10 15 VCC1 

NIC 7 10 VCC1 
H3Y 9 12 WDJ 

NIC 11 14 WOJ 

wus 8 9 WDI 
VCC2 10 11 wus 

VCC2 12 13 wus 

16-Pln SOL 20-Pln SOL, SOV 24-Pln SOL, SOV 

THERMAL CHARACTERISTICS: Oja 

16-Pin SOL 105°C/W 

20-Pin SOL 95°C/W 

20-Pin SOV 12s0 c1w 
24-Pin SOL 80°C/W 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do no use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1291 - rev. 1-127 ©1991 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32R4610A/4611A are bipolar monolithic inte­
grated circuits designed for use with two-terminal thin­
film recording heads. They provide a low noise read 
amplifier, write current control, and data protection 
circuitry for up to eight channels. The SSI 32R461 OAR/ 
4611 AR option provides internal 700Q damping resis­
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
The 32R4611 A option provides for an additional fea­
ture providing the user with a controllable write current 
adjustment feature. 

The SSI 32R4610/4611 require only +SV power sup­
plies and are available in a variety of packages. 

SSI 32R4610A/4611A 
SV, 2, 4, 8-Channel Thin-Film 

Read/Write Device 

t!tj@i "''tut.] i; ·k" [,] '' 
December 1991 

FEATURES 

• 5V ±10% 

• Lowpower 

- PD = 175 mW read mode (Norn) 

• High Performance: 

- Read mode gain= 200 VN 

- Input noise = 0.85 nV/vlHz max 

- Input capacitance = 35 pF max 

- Write current range = 10-35 mA 

• Designed for two-terminal thin-film heads 

• Programmable write current source 

• Write unsafe detection 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Head short to ground protection 

BLOCK DIAGRAM PIN DIAGRAM 
VCC1 GND wus VCC2 

REFERENCE 
VOLTAGE 

RDX[b.,,.--"'"-"'"'"-"'"'"-"'-+--t----,~ ~t--~~~~~~-t 

RDYn--....._~---~-+--f-"'...-,.;~ ~fo'-.--.-.....--~~--...;..i 

WDI 

WC WCAOJ 

READ 
PAEAMPS 

AND WRITE 
CURRENT 
SWITCHES 

(X4) 

1091 - rev. WCADJ available on the 32R4611A 24-pin option only 

HOX 

HOY 

H1X 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

GND 

HOX 

HOY 

H1X 4 

H1Y 5 32R4610A 16 ROX 
4 

H2X 6 Channels 15 HSO 

H2Y 7 

H3X 

H3Y 

VCC2 10 

20-PIN SOL 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSl32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 

CIRCUIT OPERATION 

The SSI 32R461 OA/4611 A has the ability to address up to 8 two-terminal thin-film heads and provide write drive 
or read amplification. Head selection and mode control are described in Tables 2 and 3. The TTL inputs R/W and 
CS have internal pull-up resistors to prevent an accidental write condition. HSO, HS1 and HS2 have internal 
pulldowns. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 

TABLE 1: Mode Select TABLE 2: Head Select 

cs R/W Mode HS2 HS1 HSO Head 

0 0 Write 0 0 0 0 

0 1 Read 0 0 1 1 

1 0 Idle 0 1 0 2 

1 1 Idle 0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 7 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

HSO, HS1, HS2 t I Head Select: selects one of four heads 

cs I Chip Select: a high inhibits the chip 

R/W t I Read/Write : a high selects Read mode 

wus t 0 Write Unsafe: a high indicates an unsafe writing condition 

WDI t I Write Data In: changes the direction of the current in the recording head 

HOX-H7X; 
HOY-H7Y 1/0 X, Y Head Connections 

ROX, ADY t 0 X, Y Read Data: differential read data output 

WC t Write Current: used to set the magnitude of the write current 

WC ADJ* t Write Current Adjust: Used to decrease the write current by a finite amount 

VCC1 I +SV Supply 

VCC2 I +SV Supply for Write current drivers 

GND I Ground 

•Available on 32R4611 A 24-pin option only 

t These signals can be wire OR'ed 
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WRITE MODE 

Taking both CS and R/W low selects write mode which 
configures the SSI 32R461 OA/4611 A as a current 
switch and activates the Write Unsafe (WUS) detector 
circuitry. Head current is toggled between the x and y 
side of the selected head on each high to low transition 
of_ the Write Data Input (WDI). The WDI input pulse 
width requirement is amplitude dependent and pull ups 
are recommended at higher data rates, please refer to 
the WDI pulse width specifications. Note that a preced­
ing read or idle mode select initializes the Write Data 
Flip-Flop to pass write current through the "X'' side of 
t~e head. The magnitude of the write current (0-pk) is 
given by: 

IW= K•VWC 
RWC 

RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 

Where: 

lx,y= lw 
1 +Rh/Rd 

Rh = Head resistance plus external wire 

resistance 

Rd = Damping resistance 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 

WDI frequency too low 

Device in Read mode 

Chip disabled 

No write current 

Head opened 

After fault condition is removed, one negative transition 
on WDI is required to clear WUS. 

The 32R4611 A adds a feature which allows the user to 
adjust the lw current by a finite amount. The WCADJ 
P!n is used to adjust write currentforwrite operations on 
different zo~es of the disk. It is used by switching a 
separate wnte current adjust resistor in and out on the 
WCADJ pin or by connecting a DAC to that pin to sink 
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SSI 32R461 OA/4611 A 
5V, 2, 4, 8-Channel Thin-Film 

Read/Write Device 

a controllable amount of current. The WCADJ pin is 
nominally biased to VCC/2. Sinking current from this 
pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCADJ to float or pulling it high will cut off the 
circuit and it will have no effect. For example, if the 
nominal head current is set to 30 mA through WC with 
WCADJ open, then for a 7.25 mA head current de­
crease, a 1 O kn resistor would be connected from the 
WCADJ pin to ground. A TTL gate could be used as a 
switch with a small degradation in accuracy. To per­
form the same function, a DAC could be used, by 
programming it to sink 0.25 mA from the WCADJ pin. 

lw head (Decrease)= (29 • VwcADJ I RwcADJ) 

Where: 

VWCADJ = Voltage on WCADJ pin = VCC/2 

RWCADJ = Write current adjust setting resistor 

VOLTAGE FAULT 

A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt­
age fault or power startup regardless of mode. 

READ MODE 

The Read mode configures the SSI 32R4610A/4611A 
as a low noise differential amplifier and deactivates the 
write current generator. The ROX and ROY output are 
driven by emitter followers. They should be AC coupled 
to the load. The (X,Y) inputs are non-inverting to the 
(X,Y) outputs. 

Note that in Idle or Write mode, the read amplifier is 
deactivated and ROX, ROY outputs become high im­
pedance. This facilitates multiple R/W applications 
(wired-OR ROX, ROY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 

IDLE MODE 

Taking CS high selects the idle mode which switches 
the ROX and ROY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. 



SSl32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 

PARAMETER RATING 

DC Supply Voltage VCC1 -0.3to +7 

VCC2 -0.3to +7 

Write Current IW 80 

Digital Input Voltage Vin -0.3 to VCC1 +0.3 

Head Port Voltage VH -0.3 to VCC2 +0.3 

Output Current: ROX, ROY 10 -10 

wus +12 

Storage Temperature Tstg -65 to +150 

RECOMMENDED OPERATING CONDITIONS 

DC Supply Voltage VCC1 5±10% 

VCC2 5±10% 

Operating Junction Temperature Tj +25to+110 

DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 

PARAMETER CONDITIONS MIN 

VCC1 Supply Current Read Mode (Vee±5%) 23 

(Vee ±10%) 19 

Write Mode (Vee ±5%) 21 

(Vee ±10%) 17 

*Head Select Pins *Idle Mode (Vcc±5%) 6 

(HSO, HS1, HS2) Floating (Vee ±10%) 4 

VCC2 Supply Current Read Mode (Vee ±5%) 5 

(Vee ±10%) 4 

Write Mode (Vee±5%) 6 

(Vee±10%) 5 

Idle Mode (Vee ±5%) 0.1 

(Vee ±10%) 0.1 

Power Dissipation Read Mode (Vee±5%) 

(Vee ±10%) 
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UNIT 

voe 
voe 
mA 

voe 
voe 
mA 

mA 
oc 

voe 
voe 
oc 

NOM MAX UNIT 

28 33 mA 

28 37 mA 

24 27 rnA 

24 31 mA 

9 12 mA 

9 14 mA 

8 11 mA 

8 12 mA 

8+1w 10+ lw mA 

8 + lw 11 + lw mA 

0.2 0.4 mA 

0.2 0.5 mA 

175 230 mW 

270 mW 
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DC CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

Write Mode 

Idle Mode 

VCC1 Fault Voltage IW<0.2mA 

DIGITAL INPUTS 

Input Low voltage (VIL) 

Input High Voltage (VIH) 

Input Low Current VIL= 0.8V 

Input High Current VIH = 2.0V 

WUS Output Low Voltage (VOL) lol =2 mAmax 

WRITE CHARACTERISTICS 

SSl32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 

Read/Write Device 

MIN NOM MAX UNIT 

(Vee±5%) 150+41w 190 + 41w mW 

(Vee±10%) 230 + mW 
4.41w 

(Vee ±5%) 50 65 mW 

(Vee ±10%) 80 mW 

3.8 4.0 4.2 voe 

0.8 voe 
2.0 voe 
-0.4 mA 

100 µA 

0.5 voe 

Recommended operating conditions apply unless otherwise specified. 

Write Current Constant "K" .96 .99 

Write Current Voltage (VWC) 1.15 1.25 1.35 v 
WCADJ Voltage 
SSI 32R4611N4611AR IWCADJ = 0 to .5 mA 2.0 VCC/2 3.0 voe 
I head( Decrease )/lwcADJ 
SSI 32R4611N4611AR 26 29 32 mNmA 

lwcADJ Range 
SSI 32R4611N4611AR 0.0 0.5 mA 

Differential Head Voltage Swing lh (p-p) • Rh not to exceed 
3.4V (Head Swing Min) 3.4 Vpp 

Unselected Head Current 0.02 lw mApk 

Head Differential Load 
Capacitance 25 pF 

Head Differential Load SSI 32R461 ON32R4611 A 4K Q 

Resistance (Rd) SSI 32R461 OAR/32R4611AR 560 700 950 Q 

WDI Pulse Width Vil= 0.2V, Vih = 2.4V PWH 37 ns 

(Ref: Figure 1) PWL 5 ns 

Vil= 0.2V, Vih = VCC PWH 20 ns 

PWL 5 ns 

Write Current Range (IW) 10 35 mA 
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SSI 32R461 OA/4611 A 
SV, 2, 4, 8-Channel Thin-Film 
Read/Write Device 

READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kn. 

PARAMETER CONDITIONS MIN NOM MAX 

Differential Voltage Gain Vin = 1 mVpp @1 MHz 160 200 240 

Voltage BW -1dB 1zs1 < 50, Vin = 1 mVpp 20 81 

-3d8 35 91 

Input Noise Voltage SW= 15 MHz, Lh = 0, Rh= 0 0.6 0.85 

Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz 27 35 

Differential Input Resistance Vin = 1 mVpp, f = 5 MHz 
SSI 32R461 OA/4611 A 835 2600 

SSI 32R461 OAR/4611 AR 360 550 

Dynamic Range AC input voltage where gain 
falls to 90% of its small signal 
gain value, f = 5 MHz 3 6 

Common Mode Rejection Ratio Vin= 0 VDC + 100 mVpp 
@5MHz 45 80 

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 40 70 

Channel Separation Unselected channels driven 
with Vin = 0 VDC + 100 mVpp 45 

Output Offset Voltage -300 +300 

Single Ended Output Resistance f =5 MHz 40 

Output Current AC coupled load, RDX to RDY 1.4 
-·--·-~ 

RDX, RDY Common Mode 
Output Voltage 2.0 VCC1/2 3.5 
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UNIT 

VN 

MHz 

MHz 

nV/vHz 

pF 

n 
n 

mVpp 

dB 

dB 

dB 

mV 

n 
mA 

VDC 
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SWITCHING CHARACTERISTICS 

SSl32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 

Read/Write Device 

Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 µH, Rh = 30Q 
/(Data)= 5 MHz. 

PARAMETER 

R/W Read to Write 

Write to Read 

cs Unselect to Select 

Select to Unselect 

HSO, 1 to any Head 

WUS: Safe to Unsafe (TD1) 

Unsafe to Safe (TD2) 

Head Current: 

WDI to Ix - ly (TD3) 

Asymmetry 

Rise/fall Time 

WDI 

wus 

HEAD 
CURRENT 

(Ix - ly) 

CONDITIONS MIN 

R/W to 90% of write current 

R/Wto 90%of 
100 mV Read signal envelope 

CS to 90% of write current or 
to 90% of 100 mV 10 MHz 

CS to 10% of write current 

To 90%of 100mV10 MHz 
Read signal envelope 

Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 0.6 

Fault cleared from first neg 
WDI transition 

Lh = 0, Rh= 0 

from 50% points 

WDI has 1 ns rise/fall time 

10% to 90% points 

TD1 

FIGURE 1: Write Mode Timing Diagram 
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NOM MAX UNIT 

0.1 1.0 µs 

0.5 1.0 µs 

0.4 1.0 µs 

0.4 1.0 µs 

0.2 1.0 µs 

2.0 3.6 µs 

0.2 1.0 µs 

20 32 ns 

1.0 ns 

6 12 ns 



SSI 32R461 OA/4611 A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 

Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R4610AR/4611AR 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 

Ti= 25°C 

Vn (Max) .7 

Rin (Min) 450 

Gin (Max) 28 

Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 

Ti= 25°C 

Vn (Max) .58 

Rin (Min) 360 

Gin (Max) 33 

Tj = 110°c Units 

0.85 nV/'/Hz 

475 n 
30 pF 

Ti= 110°c Units 

.65 nV/'/Hz 

400 n 
35 pF 

Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R461 ON4611 A 

Case 1 : IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 

Tj = 25°C 

Vn (Max) .7 

Rin (Min) 1525 

Cin (Max) 28 

Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 

Tj = 25°C 

Vn (Max) .58 

Rin (Min) 835 

Gin (Max) 33 
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Tj = 110°c Units 

0.85 nV/'/Hz 

1895 n 
30 pF 

Ti= 110°c Units 

.65 nV/'/Hz 

1100 n 
35 pF 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

GND 16 CS" 

HOX 2 15 RN/ 

HOY 3 14 WC 

H1X 4 32R4610A 13 RDY 
2 

H1Y 5 Channels 12 RDX 

VCC2 6 11 HSO 

N/C 7 10 VCC1 

wus 8 9 WDI 

16-Pln SOL 

HOX 36 GND 

HOY 2 35 N/C 

H1X 3 34 c;s 
H1Y 4 33 RIW 
H2X 5 32 WC 

H2Y 6 31 ROY 

H3X 7 
32R4610A 

30 ROX 

H3Y 8 8 29 HSO 

H4X 9 Channels 28 HS1 

H4Y 10 27 HS2 

H5X 11 26 VCC1 

H5Y 12 25 WDI 

HGX 13 24 WUS 

HGV 14 23 N/C 

H7X 15 22 VCC2 

H7Y 16 21 N/C 

N/C 17 20 N/C 

N/C 18 19 N/C 

36·Pin SOM 

SSI 32R461 OA/4611 A 
SV, 2, 4, 8-Channel Thin-Film 

Read/Write Device 

GNO 20 cs 

HOX 2 19 RiW 

HOY 3 18 WC 

H1X 4 17 RDY 

H1Y 5 32R4610A 16 RDX 
4 

H2X 6 Channels 15 HSO 

H2Y 7 14 HS1 

H3X 8 13 VCC1 

H3Y 9 12 WDI 

VCC2 10 11 wus 

20-Pln SOL, SOV 

GND 24 cs 

N/C 2 23 RiW 

HOX 3 22 NIC 

HOY 4 21 WC ADJ 

H1X 5 20 WC 

H1Y 6 32R4611A 19 RDY 
4 

H2X 7 Channels 18 RDX 

H2Y 8 17 HSO 

H3X 9 16 HS1 

H3Y 10 15 VCC1 

N/C 11 14 WDI 

VCC2 12 13 wus 

24-Pln SOL, SOV 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do no use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32P541 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of M FM or ALL encoded read signals. 
The circuit will handle data rates up to 15 Mbil/s. 

In read mode the SSI 32P541 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli­
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

In write mode the circuitry is disabled andthe AGC gain 
stage input impedance is switched to a lower level to 
allow fast setting of the input coupling capacitors during 
a write to read transition. The SSI 32P541 requires 
+5V and + 12V power supplies and is available in a 24-
pin DIP and 28-pin PLCC. 

SSI 32P541 
Read Data Processor 

February, 1990 

FEATURES 

• Level quallflcatlon supports high resolutlon 
MFM and RLL encoded data retrieval 

• Wide bandwidth AGC Input ampllfler 

• Supports data rates up to 15 Mblt/s 

• Standard 12V ± 10"k and 5V ± 10"/o supplies 

• Supports embedded servo pattern decoding 

• WrHe to read transient suppression 

• Fast and slow AGC attack regions for fast 
transient recovery 

BLOCK DIAGRAM 

OUT+ OUT- DIN- DIN+ CW· OIF· DIF+ vcc YOO 

IN-

ONE SHOT RO 

Fll.L WAVE RECTIFIER 

BYP 

AGND 

1
·•••>•••••• t·····•·••••••••••••••••••··············i•••i .. •1-••-~ !f~~~~~-~ ••~v•••••••••~<IG?rl_· l·~~->'111~ !••··~---··•·•••••••··•••·••••••••· Pf .... f#' A 

... ._ .... ...-... _ 

''''"''~!'. !f!!l ·:~@lll~h~(!iil! 
CC»lTRQ.LOGIC 
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SSI 32P541 
Read Data Processor 

CIRCUIT OPERATION 

READ MODE 

In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualifiCation of the detected 
signal peaks. 

The amplified head signals are AC coupled to the IN + 
and IN -pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN­
) voltage level and comparing it to a reference level at 
the AGC pin. A fast attack mode, which supplies a 
1. 7 mA charging current for the capacitor at the BYP 
pin, is entered whenever the instantaneous DIN± level 
is more than 125% of set level. Between 100% and 
125% the slow attack mode is invoked, providing 
0.18 mA of charging current. The two attack modes 
allow rapid AGC recovery from a write to read transition 
while reducing zero crossing distortion once the ampli­
fier is in range. 

The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp atthe OUT+, OUT-pins which allows forup to 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 

Gain of the AGC section is nominally 

Av2 =exp -( V2 - VI ) 
Av1 5.8+Vt 

Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 

Vt= (K x T)/q = 26 mv at room temperature. 

One filter for both data (DIN+, OIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. H two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 

The filtered data path signal is fed into a hysteresis 
comparator that is set at a fraction of the input signal 
level by using an external filter/network between the 
LEVEL and HYS pins. Using this approach allows 

2-2 

setting the AGC slow attack and decay times slow 
enough to minimize distortion of the clock path signal. 
This "feed-forward" technique, utilizing a fraction of the 
rectified data path input available at the LEVEL pin as 
the hysteresis threshold, is especially useful in the slow 
decay mode of the AGC loop. By using a short time 
constant for the hysteresis level, the qualification 
method can continue as the AGC amplifier gain is 
slowly ramped up. This level will also shorten the write 
to read transient recovery time without affecting data 
timing as the circuit will be properly decoding before the 
AGC gain has settled to its final value. The comparator 
output is the "D" input of a D type flip-flop. The DOUT 
pin provides a buffered test point for monitoring this 
function. 

The filtered clock path signal is differentiated to trans­
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the D type 
flip-flop. The COUT pin is a buffered test point for 
monitoring this function. 

The differentiator function is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 

AV= -2000Cs 
LCs2+( R +92) Cs+1 

Where: C = external capacitor (20 pF to 150 pF) 

L = external inductor 

R = external resistor 

s = jro = j27tf 

During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the flip­
flop only changes state when the signal applied to the 
DIN+, DIN- inputs exceeds the hysteresis comparator 
threshold opposite in polarity to the previous peak that 
exceeded the threshold. 

The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
threshold. 

The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 
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WRITE {DISABLED) MODE 

SSI 32P541 
Read Data Processor 

that requires care in layout. The designer should keep 

In the write or disabled mode (R/W input low) the digital 
circuitry is disabled and the AGC amplifier input imped­
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low­
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P541 and read/write 
preamplifier, such as the SSI 32R510. 

analog signal lines as short as possible and well • 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P541 and associated circuitry grounds from 
other circuits on the disk drive PCB. 

R/W ROLD MODE 

1 1 READ - Read amp on, AGC 
active, Digital section active 

Internal SSI 32P541 timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 

1 

0 

0 

x 

HOLD - Read amp on, AGC 
gain held constant Digital sec-
tion active 

WRITE - AGC gain switched to 
maximum, Digital section inac-

LAYOUT CONSIDERATIONS 
tive, common mode input resis-
lance reduced 

The SSI 32P541 is a high gain wide bandwidth device 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

vcc - 5 volt power supply 

VDD - 12 volt power supply 

AGND, DGND - Analog and Digital ground pins 

R/W I TTL compatible read/write control pin 

IN+, IN- I Analog signal input pins 

OUT+, OUT- 0 AGC Amplifier output pins 

BYP - The AGC timing capacitor is tied between this pin and AGND 

HOLD I TTL compatible pin that holds the AGC gain when pulled low 

AGC I Reference input voltage level for the AGC circuit 

DIN+, DIN- I Analog input to the hysteresis comparator 

HYS I Hysteresis level setting input to the hysteresis comparator 

LEVEL 0 Provides rectified signal level for input to the hysteresis comparator 

DOUT 0 Buffered test point for monitoring the flip-flop D input 

CIN+, CIN- I Analog input to the differentiator 

DIF+, DIF- - Pins for external differentiating network 

COUT 0 Buffered test point for monitoring the clock input to the flip-flop 

OS - Connection for read output pulse width setting capacitor 

RD 0 TTL compatible read output 
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SSI 32P541 
Read Data Processor 

ELECTRICAL SPECIFICATIONS 
Unless otherwise specified 4.5 s VCC s 5.5V, 10.8V s VDD s 13.2V, 25 °C s Tj s 135 °C. 

ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNIT 

5V Supply Voltage, VCC 6 v 
12V Supply Voltage, VDD 14 v 
Storage Temperature -65to150 oc 
Lead Temperature 260 oc 
R/W, IN+, IN-, HOLD -0.3 to VCC + 0.3 v 
RD -0.3V to VCC + 0.3Vor +12 mA 

All others -0.3 to VDD + 0.3 v 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC - VCC Supply Current Outputs unloaded 14 mA 

IDD - VDD Supply Current Outputs unloaded 70 mA 

Pd - Power Dissipation Outputs unloaded, Tj = 135°C 730 mW 

LOGIC SIGNALS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIL - Input Low Voltage -0.3 0.8 v 
VIH - Input High Voltage 2.0 v 
Ill - Input Low Current VIL= 0.4V 0.0 -0.4 mA 

llH - Input High Current VIH=2.4V 100 µA 

VOL - Output Low Voltage 10L=4.0 mA 0.4 v 
VOH - Output High Voltage IOH =-400µA 2.4 v 

MODE CONTROL 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Read to Write Transition Time 1.0 µs 

Write to Read Transition Time AGC settling not included, 1.2 3.0 µs 
transition to high input 
resistance 

Read to Hold Transition Time 1.0 µs 
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WRITE MODE 

PARAMETER CONDITIONS 

Common Mode Input Impedance R/Wpin =low 
(both sides) 

READ MODE 

SSI 32P541 
Read Data Processor 

MIN NOM MAX UNIT 

250 Q 

Unless otherwise specified IN+ and IN-are AC coupled, OUT+, and OUT-are loaded differentially with> 600Q 
and each side is loaded with< 10 pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 

AGC AMPLIFIER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Differential Input Resistance V(IN+ - IN-)= 100 mVpp SK Q 
@2.SMHz 

Differential Input Capacitance V(IN+ - IN-) = 100 mVpp 10 pF 
@2.SMHz 

Common Mode Input Impedance R/Wpin high 1.8 kQ 

(both sides) R/Wpin low 0.25 kQ 

Minimum Gain Range 1.0 Vpp ~ V(OUT+-OUT-) 4.0 83 VN 
~ 2.5 Vpp 

Input Noise Voltage Gain set to maximum 30 nV/'1Hz 

Bandwidth Gain set to maximum 30 MHz 
-3 dB point 

Maximum Output Voltage Swing Set by AGC pin voltage 3.0 Vpp 

Maximum AGC Amplifier Output Vout offset (max. gain) - 600 mV 
Offset Vout offset (min. gain) 

Vevp = 2.SV to 4.SV 

OUT+ to OUT- Pin Current No DC path to GND ±3.2 mA 

Output Resistance 12 32 Q 

Output Capacitance 15 pF 

(DIN+ - DIN-) Input Voltage 30 mVpp V(IN+ - IN-) 0.37 0.56 Vpp/V 
Swing VS AGC Input Level ~ 550 mVpp 0.5 Vpp 

~ V(DIN+ - DIN-)~ 1.5 Vpp 

(DIN+ - DIN-) Input Voltage 30 mVpp V(IN+ - IN-) 8 % 
Swing Variation ~ 550 mVpp AGC Fixed, 

over supply & temperature 

Gain Decay Time (Td) Vin = 300 mVpp-> 150 mVpp 50 µs 
@ 2.5 MHz, Vout to 90% of 
final value Figure 1 a 

Gain Attack time (Ta) From Write to Read transition 4 µs 
to Vout at 110% of final value 
Vin = 400 mVpp@ 2.5 MHz. 
Figure 1b 

2-5 

II 



SSI 32P541 
Read Data Processor 

AGC AMPLIFIER (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 1.3 2.0 mA 
Current V(AGC) = 2.2V 

Slow AGC Capacitor Charge V(DIN+ - DIN-)= 1.6V Vary 0.14 0.22 mA 
Current V(AGC) until slow discharge 

Fast to Slow Attack Switchover V ( DIN+-DIN-) 1.25 
Point V ( DIN+-ON-) Final 

AGC Capacitor Discharge Current V(DIN+ - DIN-) = 0.0V 

Read Mode 4.5 µA 

Hold Mode VevP = 5.0V -0.2 +0.2 µA 

6.1V<Vevp<8.1V -0.45 +30 µA 

CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp 40 dB 
@ 5 MHz.gain at max. 

PSRR (Input Referred) llVCC or llVDD = 100 mVpp 30 dB 
@ 5 MHz, gain at max. 

HYSTERESIS COMPARATOR 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 1.5 Vpp 

Differential Input Resistance V(DIN+- DIN-)= 100 mVpp 5 11 k.Q 

@2.5MHz 

Differential Input Capacitance V(DIN+ - DIN-)= 100 mVpp 6.0 pF 
@2.5MHz 

Common Mode Input Impedance (both sides) 2.0 k.Q 

Comparator Offset Voltage HYS pin at GND, s 1.5 kn 10 mv 
across DIN+, DIN-

Peak Hysteresis Voltage vs. HYS At DIN+, DIN- pins 0.16 0.25 VN 
pin voltage (input referred) 1 V < V (HYS) < 3V 

HYS Pin Input Current 1V < V (HYS) < 3V 0.0 -20 µA 

Level Pin Output 0.6 < I v (DIN+ - DIN-) I 1.5 2.5 VNpp 
Voltage vs V(DIN+ - DIN-) <1.3 Vpp, 10 kn from LEVEL 

pinto GND 

LEVEL Pin Max Output Current 3.0 mA 

LEVEL Pin Output Resistance l(LEVEL) = 0.5 mA 180 n 
DOUT Pin Output Low Voltage 0.0 s IOL s 0.5 mA VDD-4.0 VDD-2.8 v 

DOUT Pin Output High Voltage 0.0 s IOH s 0.5 mA VDD-2.5 VDD-1.8 v 
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ACTIVE DIFFERENTIATOR 

PARAMETER CONDITIONS 

Input Signal Range 

Differential Input Resistance V(CIN+ - CIN-) = 100 mVpp 
@2.5 MHz 

Differential Input Capacitance V(CIN+ - CIN-) = 100 mVpp 
@2.5MHz 

Common mode Input Impedance (both sides) 

Voltage Gain From CIN± to DIF± R(DIF+ to DIF-) = 2 k.Q 

DIF+ to DIF- Pin Current Differentiator Impedance 
must be set so as not to clip 
signal at this current level 

Comparator Offset Voltage DIF+, DIF- are AC Coupled 

COUT Pin Output Low Voltage 0.0 s IOH s 0.5 mA 

COUT Pin Output Pulse voltage 0.0 s IOH s 0.5 mA 
V(high) - V(low) 

COUT Pin Output Pulse Width 0.0 s IOH s 0.5 mA 

OUTPUT DATA CHARACTERISTICS (See Figure 2) 

SSI 32P541 
Read Data Processor 

MIN NOM MAX UNIT 

1.5 Vpp 

5.8 11.0 k.Q 

6.0 pF 

2.0 k.Q 

1.7 2.2 VN 

±1.3 mA 

10.0 mV 

VDD-3.0 v 
+0.4 v 

30 ns 

Unless otherwise specified V(CIN+ - CIN-) = V(DIN+ - DIN-) = 1.0 Vpp AC coupled since wave at 2.5 MHz 
differentiating network between DIF+and DIF-is 100Qin series with 65 pF, V (Hys) = 1.8 DC, a60pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 k.Q resistor to VCC and a 10 pF capacitor to GND. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 0 ns 
exceeding threshold to 
V(DIF+ - DIF-) reaching 
a peak 

Propagation Delay (Td3) 110 ns 

Output Data Pulse Width Td5 = 670 Cos, ±15 • o/o 
Variation 50 pF $ Cos $ 200 pF 

Pulse Pairing Td3-Td4 3 ns 

Output Rise Time VOH = 2.4V 14 ns 

Output Fall Time VOL= 0.4V 18 ns 
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SSI 32P541 
Read Data Processor 

l\f' 1\1 1\f\~\J~L 
V(IN+-IN-) 

V(IN+-IN-) '\/ 

r-Td-1 
RI\'/ I _, .. r 

! V (OUT+-OUT-) TVf/JJsz1t V(OUT+-OUT-) 

(a) 

(b) f 

FIGURE 1(a), (b): AGC Timing Diagrams 

+HYSTERESIS LEVEL l+--T--------,,__-T-­

V (CIN+.;;;JIN-) ff---\----+----+---+­
V (DIN+- DIN-) 

-HYSTEAESISLEVEL >+-----------

V(COUT) 
FLIP-FLOP CLOCK 

V(DOUT) 
FLIP-FLOP D INPUT 

~~~ 
READ DATA -=+i !+-TdS -

FIGURE 2: Timing Diagram 
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SSI 32P541 
Read Data Processor 

10 

READ DATA 

REAlllWAITE 
AM PURER 

IAIK 

~-+-~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~~~~~-<AEADIWAITE 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~AVOHOlD 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-AEADIWAITE 

CONTROL & WRITE 
DATA 

NOTES: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both 
capacitors returned to the Analog Ground Pin. 

Component values, where given, are for a 5 Mbil/s system. 

FIGURE 3: Typlcal Read/Write Electronics Set Up 
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SSI 32P541 
Read Data Processor 

PACKAGE PIN DESIGNATIONS 
(Top View) 

DIF- 24 CIN+ 

DIF+ 2 23 DIN+ 

HYS 3 22 CIN-

LEVEL 4 21 DIN-

AGC 5 20 OUT-

IN+ 6 19 OUT+ 

IN- 7 18 AGND 

RO[[) 8 17 BYP 

VDD 9 16 DGND 

COUT 10 15 OOUT 

RIW 11 14 RD-

OS 12 13 vcc 

24-Lead PDIP, SOL 

THERMAL CHARACTERISTICS: 0 ja 

24-Lead PDIP 11s0 c1W 

24-Lead SOL so•c!W 

28-Lead PLCC ss0 c1W 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32P541 Read Data Processor 

24-Lead PDIP 

28-Lead PLCC 

24-Lead SOL 

+ + + 
~ !'! IL ..:. ;!; ;!; ~ 

J: i5 i5 0 0 0 

LEVEL N/C 

AGC 24 DIN-

IN+ 23 OUT-

IN- 22 OUT+ 

HOLD 21 AGND 

VDD 20 BYP 

COUT 19 DGND 

12 13 14 15 16 17 18 

f-

~ 
<I) 

~ 
0 6 1,1 0 ~ ::> a: z 0 

0 

28-Lead PLCC 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

ORDERING NUMBER PACKAGE MARK 

32P541-P 32P541-P 

32P541-CH 32P541-CH 

32P541-CL 32P541-CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Mylord Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 2-10 0290- rev. 



SSl32P541B 
Read Data Processor 

July 1991 

DESCRIPTION FEATURES 

The SSI 32P541B is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of M FM or ALL encoded read signals. 

In read mode the SSI 32P541 B provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli­
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

In write mode the circuitry is disabled and the AGC gain 
stage input impedance is switched to a lower level to 
allow fast settling of the input coupling capacitors during 
a write to read transition. The SSI 32P541B requires 
+5V and + 12V power supplies and is available in a 28-
pin PLCC, 24-pin DIP and 24-pin SOL. 

• 

• 

• 

• 
• 

• 

• 

• 

• 

Level quallflcatlon supports high resolution 

MFM and RLL encoded data retrieval 

Wide bandwidth AGC Input ampllfler 

Standard 12V ± 10% and 5V ± 10% supplles 

Supports embedded servo pattern decoding 

Write to read transient suppression 

Fast and slow AGC attack regions for fast 

transient recovery 

Internal voltage fault Indicator 

~ ±1.0 ns pulse pairing 

24 Mb/s operation 

BLOCK DIAGRAM 

Otrr+ our- DIN+ DIN- CIN+ CIN- DIF- DIF< vcc VDD 
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SSI 32P541B 
Read Data Processor 

CIRCUIT OPERATION 

READ MODE 

In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 

The amplified head signals are AC coupled to the IN + 
and IN -pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN­
) voltage level and comparing it to a reference level at 
the AGC pin. A fast attack mode, which supplies a 
1. 7 mA charging current for the capacitor at the BYP 
pin, is entered whenever the instantaneous DIN± level 
is more than 125% of set level. Between 100% and 
125% the slow attack mode is invoked, providing 
0.18 mA of charging current. The two attack modes 
allow rapid AGC recovery from a write to read transition 
while reducing zero crossing distortion once the ampli­
fier is in range. 

The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp atthe OUT+, OUT- pins which allows for up to 6dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 

Gain of the AGC section is nominally 

Av2 =exp-( V2-V1 ) 
Av1 5.S+Vt 

Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 

Vt= (K x T)/q = 26 mV at room temperature. 

One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 

HYSTERESIS LEVEL 

In level qualification, hysteresis comparator eliminates 
errors due to low level additive noise, see Figure 48. 

2-12 

The 32P541B allows two implementations of hyster­
esis: fixed hysteresis threshold or DIN tracking hyster­
esis threshold. Fixed hysteresis threshold can be sim­
ply done by a setting a DC voltage at HYS pin, such as 
from a resistor divider from VCC to GND. The hyster­
esis ~hreshold at the comparator can be computed as: 
Hysteresis Gain x VHvs· For high performance system 
application, however, fixed hysteresis threshold is not 
recommended. 

DIN tracking hysteresis has the advantages of shorter 
write-to-read recovery time and lower probability of 
error with input amplitude drop out. The hysteresis 
threshold is designed as a percentage of the DIN peak 
voltage. This technique can be implemented by feed­
ing the LEVEL output, through a resistor divider net­
work, to the HYS pin (see Figure 4b). The LEVEL 
output, amplified peak capture of DIN voltage, can be 
computed as: Level Gain x V(DIN+ - DIN-). With the 
resistor divider, a fraction of the LEVEL output is 
presented at the HYS pin. The hysteresis threshold, as 
a function of DIN, can be summarized as: Level Gain x 
Resistor Dividing Ratio x Hysteresis Gain x V(DIN+ -
DIN-). For a typical case of 1 Vpp differential at DIN± 
input, assume equal value resistors in the divider 
network, the hysteresis threshold is 1.95 x 0.50 x 0.19 x 
1V = 0.185V. This represents 37% hysteresis on a 1 
Vpp signal. While both the Level Gain and Hysteresis 
threshold vs. HYS bear a moderate tolerance due to 
typical process variations, they inversely track each 
other to yield a much tighter hysteresis threshold in a 
closed loop. In designing the hysteresis threshold, the 
nominal Level Gain and Hysteresis Gain values should 
be used. The tolerance on DIN tracking hysteresis 
threshold is specified as the Tracking Hysteresis 
Threshold Tolerance in the specification. 

While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DIN± peak-to­
peak, but large enough to provide a constant hyster­
esis threshold in each level qualification. 

The filtered clock path signal is differentiated to trans­
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the D-type 
flip-flop. The COUT pin is a buffered test point for 
monitoring this function. 
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The differentiatorfunction is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 

Where: C = external capacitor (20 pF to 150 pF) 

AV- -2000Cs 
LCs2 +( R+92) Cs+ 1 

L = external inductor 

R = external resistor 

s = jro = j21tf 

During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to GIN+, GIN-. The D input to the flip­
flop only changes state when the signal applied to the 
DIN+, DIN- inputs exceeds the hysteresis comparator 
threshold opposite in polarity to the previous peak that 
exceeded the threshold. 

The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
threshold. 

The delays from GIN+, GIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 

TABLE 1: Mode Control 

R/W HOLD MODE 

SSl32P541B 
Read Data Processor 

WRITE (DISABLED) MODE 

In the write or disabled mode ( R/W input low) the digital 
circuitry is disabled and the AGC amplifier input imped­
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low­
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P541 B and read/ 
write preamplifier, such as the SSI 32R512. 

Internal SSI 32P541 B timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 

LAYOUT CONSIDERATIONS 

The SSI 32P541 Bis a high gain wide bandwidth device 
that requires care in layout. The designer should keep 
analog signal lines as short as possible and well 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P541B and associated circuitry grounds from 
other circuits on the disk drive PCB. 

LOW VOLTAGE FAULT DETECTION 

A low voltage detection dircuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. This option is 
available only in the 28-pin PLCC package. 

1 1 READ - Read amp on, AGC active, Digital section active 

1 0 HOLD - Read amp on, AGC gain held constant Digital section active 

0 x WRITE -AGC gain switched to maximum, Digital section inactive, common 
mode input resistance reduced 
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SSl32P541B 
Read Data Processor 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

vcc 5 volt power supply 

VDD 12 volt power supply 

AGND, DGND Analog and Digital ground pins 

R/W I TTL compatible read/write control pin 

IN+, IN- I Analog signal input pins 

OUT+, OUT- 0 AGC Amplifier output pins 

BYP The AGC timing capacitor is tied between this pin and AGND 

HOLD I TTL compatible pin that holds the AGC gain when pulled low 

AGC I Reference input voltage level for the AGC circuit 

DIN+, DIN- I Analog input to the hysteresis comparator 

HYS I Hysteresis level setting input to the hysteresis comparator 

LEVEL 0 Provides rectified signal level for input to the hysteresis comparator 

DOUT 0 Buffered test point for monitoring the flip-flop D input 

CIN+, CIN• I Analog input to the differentiator 

DIF+, DIF- Pins for external differentiating network 

COUT 0 Buffered test point for monitoring the clock input to the flip-flop 

OS Connection for read output pulse width setting capacitor 

RD 0 TTL compatible read output 

VFLT* 0 Open collector output that goes low when a low power supply fault is 
detected. 

*VFL T output offered in 28-pin PLCC package only. 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified 4.5 :;; VCC :;; 5.5V, 10.8V:;; VDD :;; 13.2V, 25 °C :;; Tj :;; 135 °C. 

ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER -RATING UNIT 

5V Supply Voltage, VCC 6 v 
12V Supply Voltage, VDD 14 v 
Storage Temperature -65 to 150 oc 
Lead Temperature 260 oc 
R/W, IN+, IN-, HOLD, VFL T -0.3 to VCC + 0.3 v 
RD -0.3V to VCC + 0.3V or +12 mA 

All others -0.3 to VDD + 0.3 v 
2'-14 0791- rev. 



POWER SUPPL V 

PARAMETER CONDITIONS 

ICC - VCC Supply Current Outputs unloaded 

IDD - VDD Supply Current Outputs unloaded 

Pd - Power Dissipation Outputs unloaded, Tj = 135°C 

LOGIC SIGNALS 

VIL - Input Low Voltage 

VIH - Input High Voltage 

Ill - Input Low Current VIL= 0.4V 

llH - Input High Current VIH = 2.4V 

VOL - Output Low Voltage IOL= 4.0 mA 

VOH - Output High Voltage IOH = -400 µA 

MODE CONTROL 

Read to Write Transition Time 

Write to Read Transition Time AGC settling not included, 
transition to high input 
resistance 

Read to Hold Transition Time 

WRITE MODE 

Common Mode Input Impedance R/W pin = low 
(both sides) 

READ MODE 

SSl32P541B 
Read Data Processor 

MIN NOM MAX UNIT 

14 mA 

70 mA 

850 mW 

-0.3 0.8 v 
2.0 v 
0.0 -0.4 mA 

100 µA 

0.4 v 
2.4 v 

1.0 µs 

1.2 3.0 µs 

1.0 µs 

250 Q 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with> 600Q 
and each side is loaded with< 1 O pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 voe. 

AGC AMPLIFIER 

Differential Input Resistance V(IN+- IN-)= 100 mVpp SK Q 
@2.5MHz 

Differential Input Capacitance V(IN+ - IN-)= 100 mVpp 10 pF 
@2.5 MHz 

Common Mode Input Impedance R/W pin high 1.8 kQ 

(both sides) R/Wpin low 0.25 kQ 

Minimum Gain Range 1.0 Vpp ~ V(OUT+- OUT-) 4.0 83 VN 
~ 2.5 Vpp 

Input Noise Voltage Gain set to maximum 30 nV/~ 
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SSI 32P541B 
Read Data Processor 

AGC AMPLIFIER (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Bandwidth Gain set to maximum 30 MHz 
-3 dB point 

Maximum Output Voltage Set by AGC pin voltage 3.0 Vpp 
Swing 

OUT+ to OUT- Pin Current No DC path to GND ±3.2 mA 

Output Resistance 12 32 Q 

Output Capacitance 15 pF 

(DIN+ - DIN-) Input Voltage 30 mVpp s V(IN+ - IN-) @2.5MHz 0.33 0.43 VppN 

Swing VS AGC Input Level s550 mVpp; @9MHz 0.44 0.69 VppN 

0.5 Vpp s V(DIN+ - DIN-) s 1.5 Vpp 

(DIN+ - DIN-) Input Voltage 30 mVpp V(IN+ - IN-) @2.5MHz 4 % 

Swing Variation s 550 mVpp AGC Fixed, @9MHz 12 % 

over supply & temp. @9MHz 14 % 
Cold 

Gain Decay Time (Td) Vin = 300 mVpp-> 150 mVpp 50 µs 
at 2.5 MHz, Vout to 90% of 
final value Figure 1 a 

Gain Attack time (Ta) From Write to Read transition 4 µs 
to Vout at 110% of final value 
Vin = 400 mVpp @ 2.5 MHz. 
Figure 1b 

Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 1.3 2.0 mA 
Current V(AGC) = 2.2V 

Slow AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V Vary 0.14 0.22 mA 
Current V(AGC) until slow discharge 

Fast to Slow Attack Switchover V ( DIN+- DIN-) 1.25 
Point Vi DIN+- DIN:.} Final 

AGC Capacitor Discharge V(DIN+ - DIN-) = O.OV 

Current Read Mode 4.5 µA 

Hold Mode -0.2 +0.2 µA 

CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp 40 dB 
@ 5 MHz.gain at max. 

PSRR (Input Referred) !NCC or AVDD = 100 mVpp 30 dB 
@ 5 MHz, gain at max. 

Maximum AGC Amplifier V(IN+ - IN-) = 0 200 mV 
Output Offset Variation Min to max gain 
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HYSTERESIS COMPARATOR 

PARAMETER CONDITIONS 

Input Signal Range 

Differential Input Resistance V(DIN+ - DIN-)= 100 mVpp 
@2.SMHz 

Differential Input Capacitance V(DIN+- DIN-)= 100 mVpp 
@2.5MHz 

Common Mode Input Impedance (both sides) 

Comparator Offset Voltage HYS pin at GND, s 1.5 kn 
across DIN+, DIN-

Hysteresis Gain At DIN+, DIN- pins 
(see figure 4c) 1V < V (HYS) < 3V 

HYS Pin Input Current 1V < V (HYS) < 3V 

Tracking Hysteresis V (Hys) = some % of 
Threshold Tolerance *V (AGC) or V (LEVEL) 

1V < V (Hys) < 3V; f = 0-9 MH2 

Level Gain 0.6 < I V (DIN+ - DIN-) I 
(see figure 4d) <1.3 Vpp, 10 kn from LEVEL 

pinto GND 

LEVEL Pin Max Output Current 

LEVEL Pin Output Resistance l(LEVEL) = 0.5 mA 

DOUT Pin Output Low Voltage 0.0 s IOL s 0.5 mA 

DOUT Pin Output High Voltage 0.0 s IOH s 0.5 mA 

SSl32P541B 
Read Data Processor 

MIN NOM MAX UNIT 

1.5 Vpp 

5 11 kO 

6.0 pF 

2.0 kn 

10 mV 

0.16 0.19 0.22 VN 

0.0 -20 µA 

-15 +15 %Peak 

1.7 1.95 2.2 VNpp 

3.0 mA 

180 n 

VDD-4.0 VDD-2.8 v 
VDD-2.5 VDD-1.8 v 

*In an open loop configuration where reference is V(AGC) tolerance can be slightly higher 

ACTIVE DIFFERENTIATOR 

Input Signal Range 1.5 Vpp 

Differential Input Resistance V(CIN+ - CIN-) = 100 mVpp 5.8 11.0 kn 
@2.5MHz 

Differential Input Capacitance V(CIN+ - CIN-) = 100 mVpp 6.0 pF 
@2.5MHz 

Common mode Input Impedance (both sides) 2.0 kn 

Voltage Gain From CIN± to DIF± R(DIF+ to DIF-) = 2 kO 1.7 2.2 VN 

DIF+ to DIF- Pin Current Differentiator Impedance ±1.3 mA 
must be set so as not to clip 
signal at this current level 

Comparator Offset Voltage DIF+, DIF- are AC Coupled 10.0 mV 

COUT Pin Output Low Voltage 0.0 s IOH s 0.5 mA VDD-3.0 v 
COUT Pin Output Pulse voltage 0.0 s IOH s 0.5 mA +0.4 v 
V(high) - V(low) 

COUT Pin Output Pulse Width 0.0 S IOH s 0.5 mA 30 ns 
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SSI 32P541B 
Read Data Processor 

OUTPUT DATA CHARACTERISTICS (See Figure 2) 
Unless otherwise specified V(CIN+ - CIN-) = V(DIN+ - DIN-) = 1.0 Vpp AC coupled sine wave at 2.5 MHz 
differentiating network between DI F+ and DIF- is 1000 in series with 65 pF, V (Hys) = 1.8 DC, a 33 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 kn resistor to VCC and a 1 O pF capacitor to GND. 

PARAMETER CONDITIONS MIN 

D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 0 
exceeding threshold to 
V(DIF+ - DIF-) reaching 
a peak 

Propagation Delay (Td3) 

Output Data Pulse Width Td5 = 11.4 ns + 740 ·Cos 
50%-50% 

Variation 15 pF s; Coss; 150 pF 

Pulse Pairing ITd3-Td41 

Output Rise Time From 0.4V to 2.4V level 

Output Fall Time From 0.4V to 2.4V level 

SUPPLY VOLTAGE FAULT DETECTION 

PARAMETER 

VDD Fault Threshold 

VCC Fault Threshold 

VOL Output Low Voltage 

IOH Output High Current 

Group g 
Delay (ns) 

7 

5 

3 

1.0 

.o 

.0 

.0 

.0 

CONDITIONS MIN 

9.1 

4.1 

4.5 < VCC < 5.5V, 
IOL= 1.6mA 

1.0 < VCC < 4.5V, 
IOL=0.5 mA 

Vin= 20 mV VBYP = 4.1V 

- ...--1 b,. 
"'--V ~ 

NOM MAX 

110 

±15 

±1.0 

15 

9 

NOM MAX 

10.3 

4.4 

0.4 

0.4 

25 

6 12 18 24 30 freq (MHz) 

FIGURE 1: AGC Amplifier - Typical Group Delay Variation 
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UNIT 

ns 

ns 

% 

ns 

ns 

ns 

UNIT 

v 
v 
v 

v 

µA 
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V(IN+-
IN-) 

V (OUT +-OUT-) 
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SSl32P541B 
Read Data Processor 

T\fil\/\; I\/ 
V(IN+-

IN-) l~l' 
r-Td---1 

R/W 

-1 .. ~ 
* f"JJ[Sivv' V(OUT+-OUT-) 

(a) 

FIGURE 1(a), (b): AGC Timing Diagrams 

+HYSTERESIS LEVEL >+--+---------r--..-­

V (CIN+ -CIN-) aro r+---+---t------'<-+----T­
v (DIN+ -DIN-) 

-HYSTERESIS LEVEL I+----''<---+--------

V (COUT) 
FLIP-FLOP CLOCK 

V(DOUT) 
FLIP-FLOP D INPUT 

RD OUTPUT 

READ DATA 

FIGURE 2: Timing Diagram 
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SSl32P541B 
Read Data Processor 

I i -

TO SERVO CIRCUIT 

SV 12V 

----- ' Lex --rl---~~~~------, 
I 

+12V 

! 

READ DATA 

5V 33pFLJ 

L------
_ _J L----9------------.v " __________________________________ ! 

NOTE: 

DIGITAL 
GROUND 

1.54K 

6.49K 

~-t---------------------_._--------------------<READIWRITE 

~-----------------------------------------<SERVO HOLD 
READ/WRITE 
CONTROL & WRITE 
DATA 

Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both capacitors returned to 
the Analog Ground Pin. 
Component values, where given, are for a 24 MbiVs System. 
Above pin numbers are for the 28-pin PLCC package. 

FIGURE 3: Typical Read/Write Electronics Set Up 
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V(DIN+ - DIN-) : PEAK 
-=-------+---t---='--i 

+ 
V (internal) 

ToAGC 
Charge Pump 

FULL WAVE 
RECTIFIER 

V(AGC) 

V(LEVEL) 

SSI 32P541B 
Read Data Processor 

V(HYS) = K% of V(LEVEL) 

FIGURE 4a: Feed Forward Mode 

DIN7---f:a>_F 

DIN~I 
Hys 

F 

( 
Logic '1' 

Logic 'O' __ _.)_'---+-)_"'------ V(DIN+ - DIN-) 
-VTH VTH 

VTH = Hysteresis Gain • V HYS 

FIGURE 4b: Hysteresis Comparator Transfer Function 
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SSI 32P541B 
Read Data Processor 

~ 

0.24 

0.23 

0.22 

0.21 ------- MEAN - +3STDEV 
0.20 -- -3STDEV 
0.19 

0.18 

0.17 
2 4 6 8 10 12 14 

FREQUENCY IN MHz 

FIGURE 4c: Hysteresis Gain 

-G-- MEAN 
~ 1.8;-------------:: ..... =----f -+-- +3STDEV 

~ --- -3 STDEV 

1.6 +---.----..,..--....--.--.---.---.-..--....,___,._.....--i 
2 4 6 8 10 12 

FREQUENCY IN MHz 

FIGURE 4d: Level Gain 

OSi 
!(!~ 

+15% (max) 

~ ~z' Typical ~ 60% 
.r;_ 

!~ 
i= + .,,z -15%(min) 
·me. 
~> 

i~ 

I 

I 

I 
_[_ 

14 

ForV(HYS) = 
K% of V(LEVEL) 

Typically ~ 60% 

9 MHz Frequency 

FIGURE 5: Percentage Threshold Versus Frequency 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

DIF· 24 CIN+ 

DIF+ 2 23 DIN+ 

HYS 3 22 CIN· 

LEVEL 4 21 DIN· 

AGC 5 20 OUT· 

IN+ 6 19 OUT+ 

IN· 7 18 AGND 

mm 8 17 BYP 

VDD 9 16 DGND 

COUT 10 15 DOUT 

R/W 11 14 RD· 

OS 12 13 vcc 

24-Lead PDIP, SOL 

THERMAL CHARACTERISTICS: 0 Ja 

24-Lead PDIP 11s0 c1W 

24-Lead SOL ao•c/W 

28-Lead PLCC ss0 c1W 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32P541 8 Read Data Processor 

24-Lead PDIP 

28-Lead PLCC 

24-LeadSOL 

VDD 

0 z 

12 

~ 

SSI 32P541B 
Read Data Processor 

~ • IL • + t u. z ;;:; 
:J: i5 i5 0 0 0 

VFCT 

24 DIN· 

23 OUT· 

22 OUT+ 

20 BYP 

19 DGND 

13 14 15 16 17 18 

!3 0 0 a 0 
,_ 

z g a: z 5 
0 

28-Lead PLCC 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

ORDERING NUMBER PACKAGE MARK 

SSI 32P5418-P SSI 32P541 8-P 

SSI 32P5418-CH SSI 32P5418-CH 

SSI 32P5418-CL SSI 32P541 8-CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

0791 - rev. 2-23 ©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32P5411B is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 

In read mode the SSI 32P5411 B provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification of 
differentiated input zero crossings. An AGC amplifier is 
used to compensate for variations in head preamp 
output levels, presenting a constant input level to the 
pulse qualification circuitry. The AGC loop can be 
disabled so that a constant gain can be used for embed­
ded servo decoding or other processing needs. When 
an external clock signal is provided for time qualification, 
the signal timing is user selectable. 

In write mode the circuitry is disabled and the AGC gain 
stage input impedance is switched to a lower level to 
allow fast settling of the input coupling capacitors during 
a write to read transition. The SSI 32P5411 B requires 
+5V and + 12V power supplies and is available in a 28-
pin PLCC package. 

SSI 32P5411B 
Read Data Processor 

l' M' ng mt.1 i' ·k" '·' 11 
December 1991 

FEATURES 

• Level quallflcatlon supports high resolution 
MFM and RLL encoded data retrleval 

• Wide bandwidth AGC Input ampllfler 

• Standard 12v ± 1 Oo/o and 5V ± 10".4 supplles 

• Supports embedded servo pattern decoding 

• Write to read transient suppression 

• Fast and slow AGC attack regions for fast 

transient recovery 

• User selectable data • to-clock timing 

• Internal voltage fault Indicator 

• s; ±1.0 ns pulse pairing 

• 24 Mb/s operation 

BLOCK DIAGRAM 
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SSI 32P5411 B 
Read Data Processor 

CIRCUIT OPERATION 

READ MODE 

In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 

The amplified head signals are AC coupled to the IN + 
and IN -pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN-) 
voltage level and comparing it to a reference level atthe 
AGC pin. A fast attack mode, which supplies a 1. 7 mA 
charging current for the capacitor at the BYP pin, is 
entered whenever the instantaneous DIN ± level is 
more than 125% of set level. Between 100% and 125% 
the slow attack mode is invoked, providing 0.18 mA of 
charging current. The two attack modes allow rapid 
AGC recovery from a write to read transition while 
reducing zero crossing distortion once the amplifier is 
in range. 

The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp at the OUT+, OUT- pins which allows for up to 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 

Gain of the AGC section is nominally 

Av2 =exp-(~) 
Av1 5.S+Vt 

Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 

Vt = (K x T)/q = 26 mV at room temperature. 

One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 

HYSTERESIS LEVEL 

In level qualification, hysteresis comparator eliminates 
errors due to low level additive noise, see Figure 4B. 
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The 32P5411B allows two implementations of hyster­
esis: fixed hysteresis threshold or DIN tracking hyster­
esis threshold. Fixed hysteresis threshold can be sim­
ply done by a setting a DC voltage at HYS pin, such as 
from a resistor divider from VCC to GND. The hyster­
esis threshold at the comparator can be computed as: 
Hysteresis Gain x VHvs· For high performance system 
application, however, fixed hysteresis threshold is not 
recommended. 

DIN tracking hysteresis has the advantages of shorter 
write-to-read recovery time and lower probability of 
error with input amplitude drop out. The hysteresis 
threshold is designed as a percentage of the DIN peak 
voltage. This technique can be implemented by feed­
ing the LEVEL output, through a resistor divider net­
work, to the HYS pin (see Figure Sb). The LEVEL 
output, amplified peak capture of DIN voltage, can be 
computed as: Level Gain x V(DIN+ - DIN-). With the 
resistor divider, a fraction of the LEVEL output is 
presented at the HYS pin. The hysteresis threshold, as 
a function of DIN, can be summarized as: Level Gain x 
Resistor Dividing Ratio x Hysteresis Gain x V(DIN+ -
DIN-). For a typical case of 1 Vpp differential at DIN± 
input, assume equal value resistors in the divider 
network, the hysteresis threshold is 1.95 x 0.50 x 0.19 x 
1V = 0.185V. This represents 37% hysteresis on a 1 
Vpp signal. While both the Level Gain and Hysteresis 
threshold vs. HYS bear a moderate tolerance due to 
typical process variations, they inversely track each 
other to yield a much tighter hysteresis threshold in a 
closed loop. In designing the hysteresis threshold, the 
nominal Level Gain and Hysteresis Gain values should 
be used. The tolerance on DIN tracking hysteresis 
threshold is specified as the Tracking Hysteresis 
Threshold Tolerance in the specification. 

While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DIN± peak-to­
peak, but large enough to provide a constant hyster­
esis threshold in each levelqualification. 

CLOCK SIGNAL PATH 

In time qualification, the filtered clock path is to locate the 
peak of each read data pulse. By taking the time 
differentiation of the filtered read data pulse, each peak 
is transformed into zero crossing. Each zero crossing of 
this time differentiated signal clocks an edge-trigger 
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circuitto provide output pulses. These output pulses are 
used to clock the D-type flip-flop. The COUT pin is a 
buffered test point for monitoring this function. 

The time differentiation can be achieved by one of two 
ways: (1) using the on-chip differentiator circuit, or (2) 
using external time differentiation function, such as that 
from the SSi programmable filters. 

The on-chip differentiation function is set by an external 
network between the DIF± pins. The DL Y± pins should 
be left open. The CIN+ should be connected to the 
DIN+; the CIN- should be connected to DIN-. The 
transfer function from the CIN± pins to the internal 
differentiator outputs, which are at the input of the edge 
triggered one-shot, is: 

AV = -2000 Cs 
LCs2 + (R+92) Cs +1 

where C = external capacitor (20 pF to 150 pF) 
L = external inductor 
R = external resistor 
S=jw=j2xf 

CLOCK DELAY 

When the time differentiation is provided by an external 
circuit, then the differentiated signal should be applied to 
the CIN±, separate from the read data signal at the 
DIN±. To optimize the timing at the D-flip-flop, the user 
has the flexibility to adjust the clock path delay with an 
external capacitor setting. Figure 4 illustrates the con­
nections for this application. While C1, C2 and R1 are 
for DC offset block, to improve pulse pairing perfor­
mance, Cdelay determines the time delay from CIN± to 
the clock input of the D-type flip-flop. The delay is given 
as (3. 7 ns I 10 pF) x Cdelay [pF]. The delay will not 

TABLE 1: Mode Control 

R/W HOLD MODE 

SSI 32P5411 B 
Read Data Processor 

increase beyond 0.25 I Fclock max. Do not exceed the 
max Cdelay value of: 

Cdelay max= 0.25/ ~c;ock max. x 10 pF 
. ns 

WRITE (DISABLED) MODE 

In the write or disabled mode (R/W input low) the digital 
circuitry is disabled and the AGC amplifier input imped­
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low­
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P5411 B and read/ 
write preamplifier, such as the SSI 32R512. 

Internal SSI 32P5411 B timing is such that this settling 
is accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 

LAYOUT CONSIDERATIONS 

The SSI 32P5411 B is a high gain wide bandwidth 
device that requires care in layout. The designer 
should keep analog signal lines as short as possible 
and well balanced. Use of a ground plane is recom­
mended along with supply bypassing and separation of 
the SSI 32P5411 B and associated circuitry grounds 
from other circuits on the disk drive PCB. 

LOW VOLT AGE FAULT DETECTION 

A low voltage detection dircuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. This option is 
available only in the 28-pin PLCC package. 

1 1 READ - Read amp on, AGC active, Digital section active 

1 0 HOLD - Read amp on, AGC gain held constant Digital section active 

0 x WRITE -AGC gain switched to maximum, Digital section inactive, common 
mode input resistance reduced 
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SSI 32P5411 B 
Read Data Processor 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

vcc 5 volt power supply 

VDD 12 volt power supply 

AGND, DGND Analog and Digital ground pins 

R/W I TTL compatible read/write control pin 

IN+, IN- I Analog signal input pins 

OUT+, OUT- 0 AGC Amplifier output pins 

BYP The AGC timing capacitor is tied between this pin and AGND 

HOLD I TTL compatible pin that holds the AGC gain when pulled low 

AGC I Reference input voltage level for the AGC circuit 

DIN+, DIN- I Analog input to the hysteresis comparator 

HYS I Hysteresis level setting input to the hysteresis comparator 

LEVEL 0 Provides rectified signal level for input to the hysteresis comparator 

DOUT 0 Buffered test point for monitoring the flip-flop D input 

CIN+, CIN- I Analog input to the differentiator 

DIF+, DIF- Pins for external differentiating network 

COUT 0 Buffered test point for monitoring the clock input to the flip-flop 

OS Connection for read output pulse width setting capacitor 

RD 0 TTL compatible read output 

VFLT* 0 Open collector output that goes low when a low power supply fault is 
detected. 

*VFLT output offered in 28-pin PLCC package only. 

ELECTRICAL SPECIFICATIONS 
Unless otherwise specified 4.5 ~ VCC ~ 5.5V, 10.av ~ VDD ~ 13.2V, 25 °c ~ Tj ~ 135 °C. 

ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNIT 

5V Supply Voltage, VCC 6 v 

12V Supply Voltage, VDD 14 v 

Storage Temperature -65 to 150 oc 

Lead Temperature 260 oc 

R/W, IN+, IN-, HOLD, VFL T -0.3 to VCC + 0.3 v 

RD -0.3V to VCC + 0.3V or +12 mA 

All others -0.3 to VDD + 0.3 v 
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POWER SUPPLY 

PARAMETER CONDITIONS 

ICC - VCC Supply Current Outputs unloaded 

IDD - VDD Supply Current Outputs unloaded 

Pd - Power Dissipation Outputs unloaded, Tj = 135°C 

LOGIC SIGNALS 

VIL - Input Low Voltage 

VIH - Input High Voltage 

Ill - Input Low Current VIL= 0.4V 

llH - Input High Current VIH = 2.4V 

VOL - Output Low Voltage IOL= 4.0 mA 

VOH - Output High Voltage IOH = -400 µA 

MODE CONTROL 

Read to Write Transition Time 

Write to Read Transition Time AGC settling not included, 
transition to high input 
resistance 

Read to Hold Transition Time 

WRITE MODE 

Common Mode Input Impedance R/W pin = low 
(both sides) 

READ MODE 

SSI 32P5411 B 
Read Data Processor 

MIN NOM MAX UNIT 

14 mA 

70 mA 

850 mW 

-0.3 0.8 v 
2.0 v 
0.0 -0.4 mA 

100 µA 

0.4 v 
2.4 v 

1.0 µs 

1.2 3.0 µs 

1.0 µs 

250 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with> 600Q 
and each side is loaded with< 1 O pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 

AGC AMPLIFIER 

Differential Input Resistance V(IN+ - IN-) = 100 mVpp 5K Q 
@2.5MHz 

Differential Input Capacitance V(IN+- IN-)= 100 mVpp 10 pF 
@2.5MHz 

Common Mode Input Impedance R/W pin high 1.8 k.Q 

(both sides) R/Wpin low 0.25 kQ 

Minimum Gain Range 1.0 Vpp ~ V(OUT+- OUT-) 4.0 83 VN 
~ 2.5 Vpp 

Input Noise Voltage Gain set to maximum 30 nV/,jHz° 
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AGC AMPLIFIER (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Bandwidth Gain set to maximum 30 MHz 
-3 dB point 

Maximum Output Voltage Set by AGC pin voltage 3.0 Vpp 
Swing 

OUT+ to OUT- Pin Current No DC path to GND ±3.2 mA 

Output Resistance 12 32 n 
Output Capacitance 15 pF 

(DIN+ - DIN-) Input Voltage 30 mVpp s V(IN+ - IN-) @2.5MHz 0.33 0.43 Vpp/V 

Swing VS AGC Input Level S550 mVpp; @9MHz 0.44 0.69 Vpp/V 

0.5 Vpp s V(DIN+ - DIN-) s 1.5 Vpp 

(DIN+ - DIN-) Input Voltage 30 mVpp V(IN+ - IN-) @2.5MHz 4 % 

Swing Variation s 550 mVpp AGC Fixed, @9MHz 12 % 

over supply & temp. @9MHz 14 % 
Cold 

Gain Decay Time (Td) Vin = 300 mVpp-> 150 mVpp 50 µs 
at 2.5 MHz, Vout to 90% of 
final value Figure 1 a 

Gain Attack time (Ta) From Write to Read transition 4 µs 
to Vout at 110% of final value 
Vin = 400 mVpp @ 2.5 MHz. 
Figure 1b 

Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 1.3 2.0 mA 
Current V(AGC) = 2.2V 

Slow AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V Vary 0.14 0.22 mA 
Current V(AGC) until slow discharge 

Fast to Slow Attack Switchover V ( DIN+- DIN-) 1.25 
Point V ( DIN+- DIN-) Final 

AGC Capacitor Discharge V(DIN+ - DIN-) = O.OV 

Current Read Mode 4.5 µA 

Hold Mode -0.2 +0.2 µA 

CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp 40 dB 
@ 5 MHz.gain at max. 

PSRR (Input Referred) !:NCC or ,WDD = 100 mVpp 30 dB 
@ 5 MHz, gain at max. 

Maximum AGC Amplifier V(IN+ - IN-) = 0 200 mV 
Output Offset Variation Min to max gain 
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HYSTERESIS COMPARATOR 

PARAMETER CONDITIONS 

Input Signal Range 

Differential Input Resistance V(DIN+ - DIN-)= 100 mVpp 
@2.5MHz 

Differential Input Capacitance V(DIN+ - DIN-)= 100 mVpp 
@2.5MHz 

Common Mode Input Impedance (both sides) 

Comparator Offset Voltage HYS pin at GND, s 1.5 kn 
across DIN+, DIN-

Hysteresis Gain At DIN+, DIN- pins 
(see figure Sc) 1 V < V (HYS) < 3V 

HYS Pin Input Current 1 V < V (HYS) < 3V 

Tracking Hysteresis V (Hys) = some % of 
Threshold Tolerance ·v (AGC) or v (LEVEL) 

1V < V (Hys) < 3V; f = 0-9 MH 

Level Gain 0.6 < I V (DIN+ - DIN-) I 
(see figure 5d) <1.3 Vpp, 10 kn from LEVEL 

pinto GND 

LEVEL Pin Max Output Current 

LEVEL Pin Output Resistance l(LEVEL) = 0.5 mA 

DOUT Pin Output Low Voltage 0.0 s IOL s 0.5 mA 

DOUT Pin Output High Voltage 0.0 s IOH s 0.5 mA 

SSl32P5411B 
Read Data Processor 

MIN NOM MAX UNIT 

1.5 Vpp 

5 11 kn 

6.0 pF 

2.0 kn 

10 mV 

0.16 0.19 0.22 VN 

0.0 -20 µA 

-15 +15 % Peak 

1.7 1.95 2.2 VNpp 

3.0 mA 

180 n 

VDD-4.0 VDD-2.8 v 
VDD-2.5 VDD-1.8 v 

*In an open loop configuration where reference is V(AGC) tolerance can be slightly higher 

ACTIVE DIFFERENTIATOR 

Input Signal Range 1.5 Vpp 

Differential Input Resistance V(CIN+ - CIN-) = 100 mVpp 5.8 11.0 kn 
@2.5MHz 

Differential Input Capacitance V(CIN+ - CIN-) = 100 mVpp 6.0 pF 
@2.5 MHz 

Common mode Input Impedance (both sides) 2.0 kn 

Voltage Gain From CIN± to DIF± R(DIF+ to DIF-) = 2 kn 1.7 2.2 VN 

DIF+ to DIF- Pin Current Differentiator Impedance ±1.3 mA 
must be set so as not to clip 
s.!g_nal at this current level 

Comparator Offset Voltage DIF+, DIF- are AC Coupled 10.0 mV 

COUT Pin Output Low Voltage 0.0 s IOH s 0.5 mA VDD-3.0 v 
COUT Pin Output Pulse voltage 0.0 s IOH s 0.5 mA +0.4 v 
V(high) - V(low) 

COUT Pin Ou!Q_ut Pulse Width 0.0 s IOH s 0.5 mA 30 ns 

Delay Function RI = 100 k.Q, Cl = 7 C2 = 2.2 µF Delay= 3.7 x Cdelay ns 
Cdelay (pF) Figure 4 
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OUTPUT DATA CHARACTERISTICS (See Figure 2) 
Unless otherwise specffied V(CIN+ - CIN-) = V(DIN+ - DIN-) = 1.0 Vpp AC coupled sine wave at 2.5 MHz 
differentiating network between DIF+ and DIF- is 1000 in series with 65 pF, V (Hys) = 1.8 DC, a 33 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 kC resistor to VCC and a 1 O pF capacitor to GND. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 0 ns 
exceeding threshold to 
V(DIF+ - DIF-) reaching 
a peak 

Propagation Delay (Td3) 110 ns 

Output Data Pulse Width Td5 = 11.4 ns + 740 ·Cos ±15 % 
50%-50% ' 

Variation 15 pF s Coss 150 pF 

Pulse Pairing ITd3-Td41 ±1.0 ns 

Output Rise Time From 0.4V to 2.4V level 15 ns 

Output Fall Time From 0.4V to 2.4V level 9 ns 

SUPPLY VOLTAGE FAULT DETECTION 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VDD Fault Threshold 9.1 10.3 v 
VCC Fault Threshold 4.1 4.4 v 
VOL Output Low Voltage 4.5 < VCC < 5.5V, 0.4 v 

IOL= 1.6mA 

1.0 < VCC < 4.5V, 0.4 v 
IOL= 0.5 mA 

IOH Output High Current 25 µA 
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V(IN+-
IN-) 

V (OIJT+-OUT-) 
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SSI 32P5411B 
Read Data Processor 

7'\]' ~ruszsL 
V(IN+-

/\/ IN-) 

r-Td-1 
RW _, ,. r 

! 
IV'\Jj!VV' V(OUT+-OIJT-) 

(a) 

FIGURE 1(a), (b): AGC Timing Diagrams 

+HYSTERESIS LEVEL ..,.___ ________ _,______,~ 

V (CIN+-CIN-) aoo H--+---+-->r--+----T-­
v (DIN+ -DIN·) 

-HYSTERESIS LEVEL ,.._ _ ___,, _ _,__ _____ _ 

V(COUT) 
FLIP-FLOP CLOCK 

V (DOI.IT) 
FLIP-FLOP D INPUT 

RD OUTPUT 

READ DATA 

FIGURE 2: Timing Diagram 
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READ/WRITE 
AMPLIFIER 

NOTE: 

800 
TO SERVO CIRCUIT 

12V 

eex·-t•Hr-i H•l---t••r---~~------1 

READ DATA 

1.54K 

6.49K 

'-----4---------------------...._-------------------<REAOIWmTE 
'-------------------------------------------<sERVOHOLO 

REAOIWRITE 
CONTROL & WRITE 
DATA 

Circuit traces lmr the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both capacitors returned to 
lhe Analog Ground Pin. 
Cemponent values, where given, are for a 24 Mbit/s System. 
Above pin numbers are for the 28-pin PLCC package. 

FIGURE 3: Typical Read/Write Electronics Set Up 
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For DC offset block only 
C1 = C2 = 2.2 µF 
R1=100k 

CIN- CIN+ DIF-

+ 

Cdelay 

DLY- DLY+ 

551 32P5411 B 
Read Data Processor 

Time Delay= 3.7 ns/10 pF x Cdelay 

from CIN± to One Shot Output 

DIF+ 

FIGURE 4: SSI 32P5411 B Clock Delay Application Diagram 
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+ 
V(DIN+ - DIN-) ~PEAK V (intemal) 

-=--------+---~--=--! 

ToAGC 
Charge Pump 

FULL WAVE 
RECTIFIER 

V(AGC) 

V(LEVEL) 
V(HYS) = K% of V(LEVEL) 

FIGURE Sa: Feed Forward Mode 

DIN+~F 
DIN- -

Hys 

F 

r ( 
Logic '1' 

Logic 'O' 1 J_ 
-VTH VTH 

---'""-------+----"'----- V(DIN+ - DIN-) 

VTH = Hysteresis Gain • V HYS 

FIGURE Sb: Hysteresis Comparator Transfer Function 
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0.24 

0.23 

0.22 

0.21 

VN 0.20 

0.19 

0.18 

0.17 
2 4 6 8 10 12 

FREQUENCY IN MHz 

FIGURE Sc: Hysteresis Gain 

2.0 

1.9 

Vpp/V 1.8 

1.7 

1.6 
2 4 6 8 10 12 

FREQUENCY IN MHz 

FIGURE 5d: Level Gain 

+15%(max) 

Typical - 60% 

SSI 32P5411 B 
Read Data Processor 

- MEAN -- +3STDEV -- -3STDEV 

14 

- MEAN -- +3 STDEV --- -3STDEV 

14 

ForV(HYS) = 
K% of V(LEVEL) 

Typically - 60% 

Hysteresis Threshold as a 
% of V(DIN+ - DIN-) Peak -15%(min) 

9 MHz Frequency 

FIGURE 6: Percentage Threshold Versus Frequency 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

LEVEL 

AGC 

IN+ 

IN-

HOLD 

VDD 

COUT 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

~ 
c 

4 

12 

~ 

THERMAL CHARACTERISTICS: Oja 

28-Lead PLCC 65°CIW 

C/) + u'.. + + :Z 
~ 

u. z z c i5 (3 c (3 

3 2 28 27 26 
25 VFLT 

24 DIN-

23 OUT-

22 OUT+ 

21 AGND 

20 BYP 

19 DGND 
13 14 15 16 17 18 

C/) Q (.) c + I-
0 z (.) a: ~ ::> 

> 0 c c 

28-Lead PLCC 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1991 Silicon Systems, Inc. 2-38 1291 



DESCRIPTION 

The SSI 32P544 Read Data Processor and Servo 
Demodulator has a fully integrated bipolar circuit that 
detects and validates amplitude peaks in the output 
from a disk drive read amplifier, as well as detecting 
embedded servo information to provide position error 
signals used for read head positioning. 

Time and amplitude qualification are used to provide a 
TIL compatible output that accurately duplicates the 
time position of input signal peaks. An AGC control 
loop, using a dual rate charge pump, provides a con­
stant imput amplitude for the level qualifier. Level 
qualification can be implemented as a fixed threshold 
or a constant percentage that tracks signal amplitude 
that enhances qualification during AGC loop transients. 

(Continued) 

SSI 32P544 
Read Data Processor 

and Servo Demodulator 

July 1990 

FEATURES 

• Wide bandwidth AGC Input amplifier 

• Level qualification supports MFM and ALL en­
coded data retrieval 

• Fast and slow AGC attack and decay regions 
for fast transient recovery 

• Embedded servo channel provides servo burst 
capture and difference circuits 

• Local servo AGC provided based on servo 
burst output amplitude sum 

• Standard ±10%, 12V and 5V supplies 

• Write to Read transient suppression 

BLOCK DIAGRAM 

KEEP 
LEHlS 
SHORT 
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SSI 32P544 
Read Data Processor 
and Servo Demodulator 

DESCRIPTION (Continued) 

The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buff­
ered individual channel outputs are provided along 
with a difference output. Servo channel gain can be 
controlled by an AGC signal based on maintaining the 
amplitude of the sum of both channels. 

The circuit also provides a voltage fault flag that indi­
cates a low voltage condition on either supply. 

The SSI 32P544 requires standard ±10% tolerance 
+5V and + 12V supplies and is available in a 44-pin 
PLCC package. 

CIRCUIT OPERATION 

READ MODE 

In Read Mode the SSI 32P544 is used to process either 
data or servo signals. In the Data Read Mode the input 
signal is amplified and qualified using anAGC amplifier 
and pulse level qualification of the detected signal 
peaks. In the Servo Read Mode the input signal is 
amplified and an error signal based on amplitude 
comparison is made available. 

DATA READ MODE 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+) - (DIN-)) voltage level and comparing it to a 
reference voltage level at the AGC1 pin. 

Two attack modes are entered depending on the 
instantaneous level at DIN±. For DIN± levels above 
125% of desired level a fast attack mode is invoked that 
supplies 1. 7 mA charging current to the network on the 
BYP1 pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charging current. This allows the AGC to 
rapidly recover during a write to read transition but 
reduces distortion once the AGC amplifier is in range. 

Two decay modes are available that apply a discharge 
currenttothe BYP1 pin network when DIN±fallsbelow 
the desired level. An internal decay current sink will 
supply 4.5 µA of discharge current. Also, if l(DIN+) -
(DIN-)1 is above 200 mVop a decay current, controlled 

by a resistor from BYP1 to DECAY, is switched in to 
decrease decay time. The amount of charge pulled 
from the AGC timing capacitor on each data pulse is: 

OoecAv = K1(Ton + Ts)/RoEcAv 

Where: 

K1 = 4.0V typ. 

Ton = Time in seconds that the data pulse at DIN± 
is greater than 200 mVop 

Ts= Switching time in seconds (<2 µs, max) 

The AGC1 pin is internally biased so that the target 
differential voltage input at DIN± is 1.0 Vpp at nominal 
conditions. TheAGC1 voltagecanbemodifiedbytying 
a resistor between AGC1 and ground or VCC. A 
resistor to ground decreases the voltage level while a 
resistor to VCC increases it. The resultant AGC1 
voltage level is: 

Where: 

v 

Rx 
5V 

v 

V =Voltage at AGC1 with pin open (2.2V, nom.) 

Rint = AGC1 pin input impedance (6.7 kn, typ.) 

Rx = External resistor. 

The new DIN± input target level is nominally 0.48 Vpp/ 
VAGC1 

2-40 

The AGC amplifier can swing 3.0 Vpp at OUT± which 
allows for up to 6 dB loss in any external filter between 
OUT± and DIN±. 

Gain of the AGC amplifier is nominally: 

Av1/Av2 = el6-9 1V2·V1>J 

Where: 

Av1. Av2 are initial and final amplifier gains. 

V1 , V2 are initial and final voltages on the BYP1 pin. 
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The minimum output current from the AGC amplifier is 
±3.2 mA. In cases where more current is required to 
drive a low impedance load the current can be in­
creased by connecting load resistors Ri from OUT± to 
GND, as shown below. 

Out+ 
FILTER 

Out-

Ri Ai 
lout min = ±3.2 mA + (6.5/Ri) 

Where: Ri ~ 2 kil 

One filter for both amplitude (DIN± input) and time 
(CIN± input) channels, or a separate filter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. 

In the amplitude channel the signal is sent to a hyster­
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be fixed level or a fraction 
of the DIN± voltage level. 

The latter approach is accomplished by using an exter­
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1.0 Vpp at DIN± results in 2.0 Vop 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
if DIN± is 1.0 Vpp, then using an equal valued resistor 
divider will result in 1.0 Vop at the HYS pin. This will 
result in a nominal ±0.21 OV threshold or a 42% thresh­
old of a ±0.500V DIN± input. The capacitor is chosen 
to set an appropriate time constant. This "feed forward" 
technique speeds up transient recovery by allowing 
qualification of the input pulses while the AGC is still 
settling. This helps in the two critical areas of write to 
read and head change recovery. Some care in the 
selection of the hysteresis level time constant must be 
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exercised so as to not miss pattern (resolution) induced 
lower amplitude signals. The output of the hysteresis 
comparator is the "D" input of a D-type flip-flop. The 
DOUT pin provides a buffered TTL compatible com­
parator output signal for testing purposes or for use in 
the servo circuit if required. 

In the time channel the signal is differentiated to trans­
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one­
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 

Thedifferentiatorfunction is accomplished by an exter­
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: 

Av -1000(Abun(cs) 

2LCs2 +C(R +92)s + 1 

Where: C, L, Rare external passive components 

20 pF < C < 150 pF 

Abu!= Gain From CIN± to DIF± 

s = jw = j27tf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previous 
threshold exceeding peak. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 

The D flip-flop output triggers a one-shot that sets the 
RD output pulse width. Width is controlled by an 
external capacitor from the OS pin to VCC. 

SERVO READ MODE 

A position error signal (PES) is generated based on the 
relative amplitude of two servo signals, A and B. 
Several methods are made available for maintaining 
channel gain during servo signal processing. 
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SERVO READ MODE (Continued) 

Rectified servo signal peaks are captured on hold 
capacitors at the HOLDA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe­
riod. Additionally, a hold capacitor discharge current of 
up to 1 . 0 mA can be turned on by pulling RST A or RSTB 
low. The discharge current is determined by a resistor 
tied between CS and ground. Its magnitude is: 

lcs = 2.6/(Rcs + 750) A, typ. 

Where: Res = resistor from CS to ground 

Outputs BURSTA/B & PES are referenced to an exter­
nal reference applied to the VREF pin. 

As noted, several methods are used to determine 
channel gain in Servo Read Mode. These methods 
make use of the data read mode AGC loop, the servo 
AGC loop and external or fixed AGC loop gain. Two 
methods are used that control the channel gain based 
on maintaining the sum of A & B channel amplitudes. 

In one case (see Figure 1) the BYP2 pin is connected 
to the GAIN pin and the servo channel gain is deter­
mined by the read channel gain as controlled by the 
sum of the A and B amplitudes. In this case a current 
is sourced/sinked to/from the capacitor on the GAIN/ 
BYP2 pin whenever the HOLD2 pin is pulled high. The 
current magnitude and direction is determined by: 

le= K4[(Ks. VAGC2) - Va(DIN)pp - Vb(DIN)pp] 

Where: 

VAGc2 = AGC2 pin voltage 

K4 = 650 µA/Vpp 

Ks= 0.39 VN 

Va/b(DIN)pp = peak to peak A or B servo pattern 
Signal voltages at DIN± 

The other case (see Figure 2) controls the channel by 
fixing the Read Data channel gain by taking HOLD1 
low and closing the loop about the Servo Channel AGC 
(LOCOFF is held low for this mode). 

HOLD2 is used to update the control voltage on the 
AGC capacitor at the BYP2 pin. This AGC function has 
a time constant defined by: 

Time Constant = Ks • CsvP2 

Where: Ks= 1.64 to 7.5 kO 

CsvP2 = BYP2 pin capacitor value in farads 
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Another method (see Figure 5) uses either a fixed 
voltage at the GAIN pin to determine channel gain or a 
gain based on preamble data amplitude. In this case no 
AGC methods are used that are based on servo signal 
amplitudes. Gain, as determined by an external volt­
age has been covered above. In the preamble method 
HOL D1 is taken low during a preamble and the channel 
gain, determined by that necessary to maintain DIN± 
as programmed by the AGC1 voltage, is held during 
servo data processing. 

WRITE MODE 

In Write Mode the SSI 32P544 is disabled and preset 
for the following Read Mode. The digital circuitry is 
disabled, the input AGC amplifier gain is set to maxi­
mum and the AGC amplifier input impedance is re­
duced. 

Resetting the AGC amplifier gain and input impedance 
shortens system Write to Read recovery times. With 
the AGC gain at maximum when returning to Read 
mode the AGC loop is in fast attack mode. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P544 and a read preamplifier such as the 
SSI 32R510A. Write to read timing is controlled to 
maintain the reduced impedance for 1.2 to 3.0 µs 
before the AGC circuitry is activated. Coupling capaci­
tors should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow more 
rapid settling. 

POWER DOWN MODE 

A power down mode is provided to reduce power 
usage during the idle periods. Taking ENABLE pin low 
selects this mode. Recoveryfromthis state can be slow 
due to the necessity of charging external capacitors. 

LOW VOLTAGE FAULT DETECTION 

A low voltage detection circuit monitors both supplies 
and pulls an open collector TTL output low whenever 
either supply drops below their trip point. 

MODE CONTROL 

The SSI 32P544 circuit mode is controlled by the 
ENABLE, R/W, AGCMODE, HOLD1, HOLD2, and 
LOCOFF pins as shown in Table 1. 
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and Servo Demodulator 

Data Read Mode Servo Mode Ill (See Figure 5) 

AGC active and controlled by data, Digital section ReadchannelgaindeterminedbyvoltageonGAINpin. 
active 

Data Read Mode, Hold 

AGC gain held constant, Digital section active. Gain 
will drift higher at rate determined by CevP1 and Hold 
mode discharge current. 

Servo Read Mode I (See Figures 1 & 3) 

The BYP2 and GAIN pins are tied together. Read 
amplifier AGC control voltage developed from sum of 
Servo signal levels. HOLD2 is toggled to update the 
control voltage after each Servo frame. 

Servo Read Mode II (See Figures 2 & 4) 

Read amplifier AGCgain held fixed (HOLD1 low). Servo 
AGC loop activated with HOLD2 toggled to update or 
hold gain based on a constant servo signal sum. 

TABLE 1: SSI 32P544 Circuit Mode Control 

AGC 

Write 

Read amplifier input impedance reduced. BYP1 pin 
voltage pulled low to select maximum amplifier gain. 
Digital section deactivated. 

Power Down 

Circuit switched to a low current disabled mode. 

Note: When AGCMODE is switched to a low state the 
voltage at the BYP1 pin will be held subject to Hold 
mode discharge current induced drift. So, when return­
ing to Data Read Mode, the channel gain will be the 
same as it was prior to AGCMODE switching or slightly 
higher. 

ENABLE R/W MODE HOLD1 HOLD2 LOCO FF READ PATH MODES 

1 1 1 1 - - Data Read Mode 

1 1 1 0 - - Data Read Mode Hold 

1 1 0 - 1 1 Servo Read Mode I 

1 1 0 - 0 1 

1 1 1 0 0 0 Servo Read Mode II 

1 1 1 0 1 0 

1 1 0 - - - Servo Mode Ill 

1 0 - - - - Write 

0 - - - - - Power Down 
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AGC1 

FIGURE 1: Servo Read Mode I 
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FIGURE 2: Servo Read Mode II 
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SSl32P544 
Read Data Processor 

and Servo Demodulator 
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FIGURE 3: servo Read Mode I Timing Diagram 
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FIGURE 4: Servo Read Mode II Timing Diagram 
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SSl32P544 
Read Data Processor 

and Servo Demodulator 
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FIGURE 5: Servo Read Mode Ill 
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AGC2 BYP2 

PIN DESCRIPTIONS 

POWER SUPPLY AND CONTROL 

NAME DESCRIPTION 

vcc 5 volt power supply. 

VDD 12 volt power supply. 

AGND,DGND Analog and digital ground pins. 

R/W* TTL compatible read/write control pin 

ENABLE* TTL compatible power up control pin. A low input selects a low power state. 

VFLT Open collector output that goes low when a low power supply fault is detected. 

AGC GAIN STAGE 

IN+, IN- Analog signal input pins. 

OUT+, OUT- Read path AGC amplifier output pins. 

AGC1 Reference input voltage level for the read path AGC loop. 

AGCMODE* TTL compatible pin that selects the AGC loop control input. A high selects BYP1, a low 
GAIN. 

BYP1 An AGC timing capacitor or network is tied between this pin and AGND. 

GAIN A voltage at this pin may be used to control AGC gain. 

DECAY A resistor to control the AGC loop decay time constant may be tied between this pin and 
BYP1. 

HOLD1* TTL compatible control pin that holds the read path AGC loop gain constant when low. 

2-47 



SSl32P544 
Read Data Processor 
and Servo Demodulator 

PIN DESCRIPTIONS (Continued) 

DIGITAL PROCESSING STAGE 

NAME DESCRIPTION 

DIN+, DIN- Analog input to the hysteresis comparator. 

CIN+, CIN Analog input to the differentiator. 

DIF+, DIF- Pins for external differentiating network. 

LEVEL Output from full wave rectifier that may be used for input to the hysteresis-comparator. 

HYS Threshold setting input to the hysteresis-comparator. 

DOUT Buffered TTL outputfor monitoring the flip-flop D input. Provided for testing or servo use. 

COUT Test point for monitoring the flip-flop clock input. 

OS Connection for output pulse width setting capacitor. 

RD TTL compatible read output. 

SERVO BURST CAPTURE STAGE 

LATCHA, TTL compatible inputs that switch channels A or B into peak acquisition mode when 
LATCHB low. 

HOLDA, Peak holding capacitors are tied from each of these pins to AGND. 
HOLDS 

ASTA, TTL compatible inputs that enable discharge of Channel A or B hold capacitors when 
RSTB low. 

cs Hold capacitor discharge current magnitude is controlled by a resistor from this pin to 
ground. 

VREF Reference voltage input for servo outputs. 

AGC2 Reference input voltage level for the servo AGC loop. 

BYP2 An AGC timing capacitor or network is tied between this pin and AGND. 

HOLD2 TTL compatible control pin that holds the servo AGC loop gain constant when low. 

BURST A, Buffered hold capacitor voltage outputs. 
BURSTS 

PES Position error signal A minus B output. 

LOCOFF* TTL compatible input to select path for PES signal. (Local On/Off) Selects between AGC 
amp. output or A-8 output. 

* These inputs have internal pull-ups, so an open connection is the same as a high input. 
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ELECTRICAL SPECIFICATION 

ABSOLUTE MAXIMUM RATINGS 

SSl32P544 
Read Data Processor 

and Servo Demodulator 

Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VCC 

12V Supply Voltage, VDD 

Pin Voltage 
GAIN, BYP1/2, AGC1/2 LEVEL, HYS, HOLDA/B, VREF 
BURSTA/B, PES, COUT, DIF±, OUT± 

Pin Voltage 
IN±, AGCMODE, HOLD1/2, ENABLE, R/W, LATCHA/B, 
RSTA/B, CS, LOCOFF, OS, CIN±, DIN± 

Pin Voltage 
RD,DOUT,DECAY,VFLT 

Storage Temperature 

Lead Temperature (Soldering 10 sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

vcc Supply Voltage 

VDD Supply Voltage 

Ta Ambient Temperature 

ELECTRICAL CHARACTERISTICS 

POWER SUPPLY 
Recommended conditions apply unless otherwise specified. 

PARAMETER CONDITIONS 

ICC VCC Supply Current Outputs unloaded, 
ENABLE = high or open 

ICC ENABLE= low 

IDD VDD Supply Current Outputs unloaded, 
ENABLE = high or open 

IDD ENABLE= low 
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RATING UNIT 

6.0 v 
14.0 v 

-0.3 to VDD + 0.3 v 

-0.3 to vcc + 0.3 v 

-0.3 to VCC + 0.3 v 
or +12 mA 

65 to 150 oc 

260 oc 

MIN NOM MAX UNIT 

4.5 5.0 5.5 v 
10.8 12.0 13.2 v 

0 70 oc 

MIN NOM MAX UNITS 

20 mA 

17 mA 

90 mA 

25 mA 

II 



SSI 32P544 
Read Data Processor 
and Servo Demodulator 

POWER SUPPLY (Continued) 

PARAMETER CONDITIONS 

Pd Power dissipation Tj = 145°C, ENABLE= high, 
Outputs unloaded 

ENABLE = low, 
Outputs unloaded 

LOGIC SIGNALS 

VIL Input Low Voltage 

VIH Input High Voltage 

Ill Input Low Current VIL= 0.4V 

llH Input Low Current VIH = 2.4V 

VOL Output Low Voltage 10L=4.0 mA 

VOH Output High Voltage IOH =400 µA 

Output rise lime VOH = 2.4V* 

Output full lime VOL= 0.4V* 

*10 - 90%, 10 pf capacitor to DGND 

MODE CONTROL 

Enable to/from Disable Settling lime of external 
Transition Time capacitors not included 

ENABLE pin high to/from low 

Read to Write Transition Time R/W pin high to low 

Write to Read R/W pin low to high 
Transition Time AGC setting not included 

AGC On to/from AGC Off AGCMODE pin high 
Transition Time to/from low 

HOLD1 On to/from HOLD1 pin high to/from low 
HOLD2 Off Transition Time 

HOLD2 On to HOLD2 Off HOLD2 pin high to/from low 
Transition Time 
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MIN NOM MAX UNITS 

1.0 w 

0.35 w 

-0.3 0.8 v 

2.0 VCC+0.3 v 

0.0 -0.4 mA 

100 µA 

0.4 v 

2.4 v 

15.0 ns 

9.0 ns 

10 µs 

1.0 µs 

1.2 3.0 µs 

2.0 µs 

1.0 µs 

1.0 µs 
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WRITE MODE 

PARAMETER CONDITION 

Common Mode Input R/Wpin =low 
Impedance 

READ MODE 

READ PATH AGC AMPLIFIER 

SSI 32P544 
Read Data Processor 

and Servo Demodulator 

MIN NOM MAX UNIT 

250 n 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN±. 
OUT± are loaded differentially with >6000, and each side is loaded with < 1 O pF to AGND, and AC coupled 
to DIN±. A 2000 pF capacitor is connected between BYP1 and AGND. AGC1 pin is open. R/W is high. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Gain Range 1.0 Vpp ~ (OUT+)-(OUT-) 4 83 VN 
~3.0 Vpp 

Output Offset Voltage Over entire gain range -400 +400 mV 

Maximum Output Set by BYP1 pin 3.0 Vpp 
Voltage Swing 

Differential Input Resistance (IN+) - (IN-) = 100 mVpp 5.0 kn 
@2.5MHz 

Differential Input Capacitance (IN+)- (IN·)= 100 mVpp 10 pF 
@2.5MHz 

Common Mode Input R/W =high 1.8 kn 
Impedance 

R/W= Low 250 n 

Input Noise Voltage Gain set to maximum 30 nV/vHz 

Bandwidth -3 dB bandwidth at 28 MHz 
maximum gain 

OUT+ to OUT- Pin Current No DC path to AGND ±3.0 mA 

Output Resistance 20 50 n 

CMRR (Input Referred) (IN+)= (IN-)= 100 mVpp 40 dB 
@ 5 MHz, gain set to max 
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SSl32P544 
Read Data Processor 
and Servo Demodulator 

READ PATH AGC AMPLIFIER(Continued) 

PARAMETER CONDITION 

PSRR (Input Referred) VDD or vcc = 100 mVpp 
@ 5 MHz, gain set to max 

Externally controlled K2, AGCMODE = Low 
Gain Constants 
AV= K2 • elK3·VGAt1> VIV Ka, AGCMODE = Low 

Gain pin parasitic AGCMODE & HOLD1 = low 
Input current 

(DIN+) - (DIN-) Input 30 mVpp s (IN+) - (IN-) 
Swing vs. AGC1 Input S550 mVpp 

0.5 Vpp ~(DIN+) - (DIN-) 
$; 1.5 Vpp, AGCMODE & . 
HOLD1 =high 

(DIN+) - (DIN-) Input Voltage 30 mVpp S (IN+) - (IN-) 
Swing Variation $;550 mVpp 

AGC1 Voltage AGC1 open, v(ACC1) = 2.35V 

AGC1 Pin Input Impedance 

Fast Decay Threshold AGCMODE = high 
(DIN+) - (DIN-) 

Slow AGC Capacitor Discharge (DIN+) - (DIN-)= OV 
Current VBYP =4.5V 

AGC Capacitor Leakage AGCMODE = high, 
Current HOLD1 =low, 

2.5V < v BYP < 5.5V 

Slow AGC Capacitor Charge (DIN+) - (DIN-)= 0.75 voe. 
Current vary AGC 1 until slow charge 

begins 

Fast AGC Capacitor Charge (DIN+)- (DIN-)= 0.75 voe. 
Current VAGC1=3.0V 

Fast to Slow Attack [(DIN+) - (DIN-)] -
Switchover Point [(DIN+) - (DIN-))FJNAL 

Gain Decay Time (Td) (IN+) - (IN-) = 300 mVpp to 
(See Figure 6a) 150 mVpp@2.5 MHz 

DECAY pin open, (OUT+) -
(OUT-) to 90% final value. 
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MIN NOM MAX UNIT 

30 dB 

.89 2.3 

1.95 2.64 

0.2 +0.2 µA 

0.36 0.56 Vpp/V 

8.0 % 

-5 +5 % 

5.0 8.3 kn 

±0.3 v 

4.0 µA 

-0.2 +0.2 µA 

-0.14 -0.22 mA 

-1.3 -2.0 mA 

0.2 Vpp 

50 µs 

0790- rev. 



0790- rev. 

READ PATH AGC AMPLIFIER (Continued) 

PARAMETER CONDITION 

Gain Attack Time (Ta) R/W = low to high 
(See Figure 6b) (IN+) - (IN-) = 400 mVpp 

@ 2.5 MHz, (OUT+) - (OUT-) 
to 11 0% final value 

HYSTERESIS COMPARATOR 

SSl32P544 
Read Data Processor 

and Servo Demodulator 

MIN NOM MAX UNIT 

4 µs 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+)-(DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 1.8 voe is applied to the HYS pin. ENABLE and R/W pins are high. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 1.5 Vpp 

Differential Input Resistance (DIN+)- (DIN-)= 100 mVpp 10 18.0 kQ 
@2.5MHz 

Differential Input Capacitance (DIN+)- (DIN-)= 100 mVpp 4.0 pF 
@2.5MHz 

Common Mode Input 2.25 5.0 kn 
Impedance (Both Sides) 

Level Pin Output Voltage 0.6 Vpp <(DIN+) - (DIN-) 1.2 2.2 VNpp 
vs. (DIN+) - (DIN-) < 1.5 Vpp, 1 OK between 

LEVEL and AGND 

Level Pin Output Impedance ILEVEL = 0.5 mA 180 

Level pin Maximum 3.0 mA 
Output Current 

Hysteresis Voltage at DIN± 1V<HYS<3V 0.16 0.25 VN 
vs. HYS Pin Voltage 

Hysteresis threshold margin as V(HYS) = some % of -15 +15 %Peak 
a% of V(DIN+) - (DIN-) peak *V(AGC) or V(LEVEL) 

1V < V(HYS) < 3V 
*see Figures 8 & 9 

HYS Pin Current 1 V < HYS<3V 0.0 -20 µA 

Comparator Offset Voltage HYS pin at AGND 10.0 mV 
~ 1.5 kil across DIN± 

• In an open loop configuration where reference is V(AGC) tolerance can be slightly higher. 
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SSl32P544 
Read Data Processor 
and Servo Demodulator 

ACTIVE DIFFERENTIATOR 
Unless otherwise specified, recommended operating oonditions apply. Input (CIN+) - (CIN-) is an AC­
coupled, 1.0 Vpp, 2.5 MHz sine wave. 1oon in series with 65 pF are tied from DIF+ to DIF-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 1.5 Vpp 

Differential Input Resistance (CIN+)-(CIN-) • 100 mVpp 10 18.0 kn 
@2.5MHz 

Differential Input Capacitance (CIN+)-(CIN-) .. 100 mVpp 4.0 pF 
@2.5MHz 

Common Mode Input Impedance Both sides 2.25 5.0 kn 

Voltage Gain From (DIF+ to DIF-) = 2 kn 1.7 2.2 VN 
CIN±to DIF± 

DIF+ to DIF- Pin Current Differentiator impedance ±1.2 mA 
must be set so as to not clip 
the signal for this current 
level 

Comparator Offset Voltage DIF+, DIF- are AC-coupled 10.0 mV 

COUT Pin Output Low Voltage 0 s; IOL s; 0.5 mA VDD-3.0 v 

COUT pin Output Pulse 0 s; IOL s; 0.5 mA 0.4 v 
Voltage, VHIGH - VLOW 

COUT pin Output Pulse Width 0 s; IOH s; 0.5 mA 30 ns 

V(OUT+)-(OUT·) 

(1) 

FIGURE 6: AGC Timing Diagram 
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SSl32P544 
Read Data Processor 

and Servo Demodulator 

OUTPUT DATA CHARACTERISITICS (See Figure 7) 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) -
(DIN-) are in-place as a coupled, 1.0 Vpp, 2.5 MHz sine wave. 1000 in series with 65 pF are tied from DIF+ 
to DIF-. 1.8V is applied to the HYS pin. A 60 pF capacitor is tied between OS and VCC. RD is loaded with a 
4 kO resistor to VCC and a 1 O pF capacitor to DGND. ENABLE and RN/ pins are high. 

PARAMETER CONDITIONS MIN NOM 

Td1 

Td3 

Td5 

tfd3-Td4 I 

D Flip-Flop Set Up Minimum allowable time 0 
Time delay from (DIN+)- (DIN-) 

exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 

Propagation Delay 

Output Pulse Width Td5 = 800(Cos) @ VRD = 1.4V 
Variation 50 pF :<> Cos :-::; 200 pF 

Pulse Pairing 

V(CIN+) -(CIN·) 
and OV H---\----f--"'<--+--~\-

V(DIN+) -(DIN·) 

-HYSTERESIS LEVEL r+----T----+--------

DIFFERENTIATOR 
COMPARATOR OUTPUT 

VcouT 

RD OUTPUT 

Td3 

-I j+-Td5 

FIGURE 7: Read Mode Dlgltal Section Timing Diagram 
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MAX UNIT 

ns 

110 ns 

±15 % 

1.5 ns 
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SSI 32P544 
Read Data Processor 
and Servo Demodulator 

V(DIN+ - DIN-) ~PEAK + 
V (Internal) 

~~~~~~--!C---+~~~-t 

ToAGC 
Charge Pump 

' 

FULL WAVE 
RECTIFIER 

V(AGC) 

V(LEVEL) 

FIGURE 8: Feed Forward Mode 

+15%(max) 

Typical~ 60% 

-15%(min) 

I 

V(HYS) = Ko/o of V(LEVEL) 

ForV(HYS)= 
K% of V(LEVEL) 

Typically~ 60% 

9 MHz Frequency 

FIGURE 9: Percentage Threshold vs. Frequency 
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SSI 32P544 
Read Data Processor 

and Servo Demodulator 

SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VREF Voltage Range 3.9 6.0 v 
AGC2 Pin Voltage AGC2 Pin Open, -5 +5 % 

V(AGC2) = 3.4V 

AGC2 Pin Input Impedance 5.0 9.1 kO. 

BURSTA/B pin Output LATCHA/B = Low -6.5 +6.5 % 
Voltage vs (DIN+) - (DIN-) VBURSTA/B - VREF ; 1.7VNp-p 

1011\J+!-!l:lll\J-j 

BURSTA/B Output LATCHA/B = Low, -80 +80 mv 
Offset Voltage (DIN+)= (DIN-), 
VBURST - VREF RCS =38.3 kO. 

BURSTA - BURSTS Output LATCHA/B = low -15 +15 mV 
Offset Match (DIN+) = (DIN-) 

Maximum PES Pin Output Controlled by AGC2 5.0 Vpp 
Voltage 

PES Pin Output Offset Voltage VPES - VREF, (DIN+) =(DIN-) -50 +50 mV 
LA TCHA/B = Low 
After 30 sec. temp. stable 

Output Resistance, BURSTA/B & 20 n 
PES pins 

Hold A/B Charge Current LATCHA/B =Low 25 mA 

HOLDA/B Discharge RSTA/B =Low, -15 +15 % 
Current Tolerance JCS= 2.6V/(RSC + 7500.) 

RSTA/B =High, -0.5 +0.5 µA 
LATCHA/B = High 

Load Resistance Resistors to VREF 10.0 kn 
BURSTA/8, PES pins 

Load Capacitance 20 pF 
BURSTA/B, PES pins 

LATCHA/B pin set up time (Tds1 in Figures 3 & 4) 150 ns 

LATCHA/B pin Hold Time (Tds2 in Figures 3 & 4) 150 ns 

Channel A/B Discharge (Tds3 in Figures 3 & 4) 150 ns 
Current Turn On time 

Channel A/B discharge (Tds4 in Figures 3 & 4) 150 ns 
Current Turn Off time 

BYP2 Pin Parasitic Input Current HOLD2 =Low 
LOCOFF= Low -0.02 +0.02 µA 
LOCOFF = High -9.0 +9.0 µA 
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Read Data Processor 
and Servo Demodulator 

SERVO SECTION (Continued) 

PARAMETER CONDITIONS 

BYP2 Pin Charge/Discharge K4, HOLD2 = High 
Current 
le= K4[(Ks. VAGC2) - Ks, HOLD2 = High 
VA(DIN)pp - VB(DIN)pp] 

• AGC Gain Range LOCOFF=Low 

VPES pp VS. VAGC2 VPES ppNAGC2 
LOCOFF= Low 

LOCOFF = High 

VPES ppN AGC2 
AGC2=0pen 
LOCOFF =Low 

LOCOFF = High 

BURSTA/B Pin Output vs. VAGc2 (VA+ VB - 2VREF)/VAGC2 
LOCOFF = High 

VA+ VB - 2VREF, 
AGC2=0pen 
LOCOFF = High 

*Av= (VPES - VREF)/(VA(DIN)pp + VB(DIN)pp) 

Supply Voltage Fault Detection 

PARAMETER CONDITIONS 

VDD Fault Threshold 

VCC Fault Threshold 

VOL Output Low 4.5 < VCC < 5.5V, 
IOL= 1.6 mA 

1.0 < vcc < 4.5, 
IOL = 0.5 mA 

IOH Output High Current 
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MIN 

487 

0.35 

0.6 

1.24 

1.42 

5.03 

5.32 

MIN 

9.1 

4.1 

NOM MAX UNIT 

650 813 µA/Vpp 

0.43 VIV 

6.0 V/Vpp 

1.38 1.52 Vpp/V 

1.5 1.58 

Vpp 

5.3 5.56 Vpp/V 

5.6 5.88 

0.77 VIV 

2.85 v 

TYP MAX UNIT 

10.5 v 
4.4 v 
0.4 v 

0.4 v 

25 µA 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

,.! 5 + 
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ENABLE 

LOCOFF 
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ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32P544 - 44-pin PLCC 

+ :! :! ~ ~ g ~ 
Cl 0 Ci < 

21 22 23 24 25 26 

< ~ 
(/) LL. N 

~ ~ w w () 
0.. a: ~ a: a: > 

::> ::> 

"' "' 

SSl32P544 
Read Data Processor 

and Servo Demodulator 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

+ I 
LL. LL. 
Ci Ci 

39 HYS 

38 LEVEL 

37 DECAY 

36 DOUT 

35 HOLDA 

34 HOLDB 

33 cs 

32 DGND 

31 rmHA 

30 um:m 
29 RU 

27 28 

I- (/) 

a 0 
() 

44-pln PLCC 

ORDER NO. PKG.MARK 

32P544-CH 32P544-CH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P547 Read Data Processor and Servo 
Demodulator with Variable Pulse Slimming and Zone 
Filter Mux is a fully integrated bipolar circuit that detects 
and validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position error signals used 
for read head positioning. 

Time and amplitude qualification are used to provide a 
PECL output that accurately duplicates the time 
position of input signal peaks. An AGC control loop, 
using a dual rate charge pump, provides a constant 
input amplitude for the level qualifier. 

SSI 32P547 
High Performance 

Pulse Detector 

November 1991 

FEATURES 

• 
• 
• 

• 

• 
• 

Wide bandwidth AGC Input ampllfler 

Uses standard + 12V and +5V ± 10% supplles 

Level quallflcatlon supports MFM or RLL 
codes 

Servo burst capture circuit for use In 
embedded servo 

Four Input dlfferentlal filter MUX 

Pulse Slimming with Variable Attenuation 

BLOCK DIAGRAM 

... 

... 

VREF2_2 I >------1--4-< A~~~~~E 
KEEP 

LEADS 
SHORT 

BVP n------1 

1191 - rev. 

FU..L WAVE RECTIFIER 
ANO LEVEL SMl~ER 

AGC LIEVR HVS 
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SSI 32P547 
High Performance 
Pulse Detector 

CIRCUIT OPERATION 

Level qualification can be implemented as fixed thresh­
old or a constant percentage that tracks signal ampli­
tude that enhances qualification during AGC loop tran­
sients. 

The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buf­
fered individual channel outputs are provided along 
with a difference output. 

The SSI 32P547 requires standard ±10% tolerance 
+5V and + 12V supplies and is available in a 52-pin 
Quad PLCC package. 

MODE CONTROL 

The circuit mode is controlled by the RJW, and HOLD 
as shown in Table 1. 

READ MODE 

The circuit is placed in the read mode when the R/W pin 
is high or open and is disabled (write mode) when the 
R/W pin is low. In the write mode the digital circuitry is 
disabled, the AGC amplifier gain is set to maximum 
and the input impedance of the input analog stage is 
reduced to allow more rapid settling of the input cou­
pling capacitors from the read/write circuit (such as the 
SSI 32R51 OA) upon transition to the read mode. Write 
to read transition timing is controlled to allow settling of 
the coupling capacitors between the read/write circuit 
and the SSI 32P547 before the AGC circuitry is acti­
vated when going to the read mode. Coupling capaci­
tors should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow for more 
rapid settling. When the R/W, and HOLD pins are high 
or open the input amplifier is in the read data AGC 
mode and gain is controlled to keep a constant read 
data peak level. When the HOLD pin is pulled low the 
gain of the analog circuit is held at the level determined 
when the HOLD pin was high (the gain will slowly drift 
due to leakage). 

READ DATA AUTOMATIC GAIN CONTROL 
CIRCUIT 

In this mode an amplified head output signal, such as 
the output of the SSI 32R117, 32R501, or 32R51 OA 
read/write circuits, is AC coupled to the IN+ and IN­
inputs. In the read mode the level at the Fx +/-pins is 

controlled by full wave redifying the level at the sum­
mer output and comparing it to a reference level 
supplied at the AGC pin. When the input level at the 
filter outputs is greater than 125% of the desired level 
as set by the AGC pin, the circuit is in a fast attack mode 
and will supply about 1.4mA of charging current at the 
BYP pin. When the input level is between 125% and 
100% of the desired level, the circuit enters a slower 
attack mode and will supply about 0.16mA of charging 
current. This allows the AGC to rapidly recover when 
going from write to read but reduces zero crossing 
distortion once the AGC amplifier is in range. 

To reduce the effect of gain attack overshoot on settling 
time (due to offsets) a fast decay mode is entered if 
slow decay mode exceeds 1.6µsec (nom). Fast decay 
discharge current is 0.8 mA and slow decay discharge 
current is 4.5 µA. 

· The AGC pin is internally biased so that the level at the 
filter input pins is 0.83 Vpp. The level at the filter input 
pins can be increased by tying a resistor from the AGC 
pin to VCC or reduced by tying a resistor from the AGC 

2-62 

pinto GND. 

Where: 

V = Voltage at AGC with pin open (2.4V, nom.) 

Rint = AGC pin input impedance (6.7 Kn, typ.) 

Rx = External resistor. 

The new DIN+/- input target level is nominally 
0.43 Vp-p/VAGC. 

Rx 

Gain of the AGC section in the AGC mode is approxi­
mately: ( Av1 ) - =exp[6.9x(V2-V1)] 
Where: Av2 

Av1, Av2 are initial and final amplifier gains. V1, V2 are 
initialand final voltages on the BYP pin. 

READ DATA PULSE SLIMMING CIRCUIT 

The Pulse Slimming Circuit uses an external delay line 
and an analog· controllable Variable Attenuator to 
implement pulse slimming. Input biasing for this stage 
is accomplished by low pass filtering the signal at the 
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OUT+ pin with an on chip resistor and external capaci­
tor tied to the INREF pin and using that signal as a 
reference to the single-ended-to-differential gain stage 
which follows. 

Freq(-3dB )=-1-
27tRC 

Where: R (lowpass) is the on-chip resistor= 6 kn nom 
C (ext) is the external capacitor 

The ratio between the gains of the attenuated and 
non-attenuated signal paths (K) is controlled by vary­
ing the gain of the on-chip attenuator: 

K =Av (attenuated) I Av (non-attenuated) 
= Ko - G x V (ATTEN) I VREF2_2 
Where G is the gain factor, V (ATTEN) is the voltage 
applied to the ATTEN pin. VREF2_2 is the voltage on 
the VREF2_2 pin and Ko is the value for K when 
V(ATTEN) = 0.0V. 

SELECTABLE EXTERNAL FILTER 
DRIVER/RECEIVER 

The on-chip circuitry allows four separate filters to be 
used for support of constant density recording. A filter 
is selected by using the two TTL input filter select pins; 
FIL T1, and FIL T2. Filter selection is as follows: 

.Elllm .El.IW...2 Channel 
0 0 Fl1 
0 1 Fl2 
1 0 Fl3 
1 1 Fl4 

READ MODE DIGITIZING SECTION 

In the data path the signal is sent to a hysteresis 
comparator. The comparator hysteresis level can be 
set at a fixed level or, with the addition of an external 
filter network, a fraction of the signal level. 

The latter approach allows setting the AGC circuit 
decay and slow attack times slow enough to minimize 
distortion of the signal going into the clocking path and 
setting a short time constant for the hysteresis level. 
Thus when switching to a head with a different output 
level or when switching from write to read the circuit is 
properly decoding data before the AGC circuit gain has 
settled to its final steady state value. The output of the 
hysteresis comparator is the "D" input of a D flip-flop. 
The DOUT pin provides a PECL comparator output 
digital signal for testing purposes and, if required, for 
use in the servo circuit. 
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In the clocking path the signal is sent to a differentiator 
circuit whose characteristics are set by external com­
ponents. The differentiator transfer expression from 
Fx+/- to the comparator input (which is not the DIF+/­
output) is: 

A -2C9 xRis 
v 2 

2L9 x C9x S +Cex (Rex +2Re )s+1 

Where: Ai= on chip resistors = 1.0 Kn nominally; 
Re= emitter resistance seen at DIF+ or DIF- = 46 n 
nominally; Cex= external capacitor, allowable range is 
20 pF to 150 pF; Rex= external resistor; Lex= external 
inductor. 

The output of the differentiator circuit is sent to the edge 
trigger circuit which creates an output pulse on every 
zero crossing of the output of the differentiator. The 
output of the edge trigger is the clock input of the D flip­
flop. During normal system operation the differentiator 
circuit clocks the D flip-flop once every positive and 
negative peak of the input signal. 

The data path D input to the flip-flop only changes state 
when the signal applied to the filter inputs exceeds the 
hysteresis comparator threshold in a polarity opposite 
the polarity of the peak which last exceeded the thresh­
old. Therefore, the clocking path determines signal 
timing and the data path blocks spurious peaks if they 
do not exceed the hysteresis comparator threshold. 
Figure 6 shows circuit operation of the digital section. 
The two digital signal path delays between the Fx+ and 
Fx- inputs to the flip-flop clock and data inputs are well 
matched. 

SERVO BURST CAPTURE SECTION 

Rectified servo data peaks are latched into the A or B 
servo channels by pulling the TTL compatible inputs 
LATCHA or LATCHB low, respectively. A chip-gener­
ated discharge current is turned on for channels A or B 
by pulling the TTL compatible input AST low. The 
magnitude of this discharge current is set by a resistor 
tied to the cs pin.Outputs of the BURST A, BURSTS, 
and PES are referenced to an externally generated 
reference applied at the VREF pin. 
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PIN DESCRIPTIONS 

POWER SUPPLY AND CONTROL 

NAME 110 DESCRIPTION 

vcc 5 Volt power supply. 

PEVCC Collector of PECL emitter follower output which is to be connected to the 
5 volt power supply. 

VDD 12 volt power supply 

AGND Analog ground pin 

R/W I TTL compatible read/write control pin 

AGC GAIN STAGE 

IN+,IN- Analog signal input pins 

OUT+ Transconductance output for the AGC amplifier and input to the vari-
able attenuator 

DLYIN Delayed input signal to the pulse slimming amplifier 

INREF Reference DC voltage to the single ended to differential gain stage 

VREF2_2 Internally generated voltage used as a reference by the external DAC 
used to control the attenuator gain 

BYP The AGC timing capacitor is tied between this pin and AGND 

HOLD I TTL compatible control pin which holds the input AGC amplifier AGC 
level when pulled low 

ATTEN An Analog input which controls the attenuation value for the Variable 
Attenuator 

AGC Reference input voltage for the AGC circuit 

SERVO BURST CAPTURE STAGE 

LATCHA I TTL inputs which initiates capture of a servo burst 
LATCHB Peak on channel A or B when pulled low 

HOLDA Peak holding capacitors are tied from each pin to GND 
HOLDB 

AST I TTL input which initiates discharge of channel A and B hold capacitors 
when pulled low 

cs Pin to control magnitude of discharge current during active discharge of 
channel A and B hold capacitors 

VREF Reference level for servo circuit 

BURST A Buffered burst peak outputs 
BURSTB 

PES BURST B minus BURST A ou!E!!_t 
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DIGITAL PROCESSING STAGE 

NAME 1/0 DESCRIPTION 

Fix± Differential filter 110 pins for the four external filters 
Fx± 

FILT1 I TTL compatible inputs to control multiplexer for selection of 1 of 4 filters 
FILT2 

HYS Hysteresis level setting input to the hysteresis level detect comparator 

LEVEL Provides rectified signal level for input into the hysteresis circuit 

DOUT 0 A Pseudo EGL D input into D flip-flop provided for testing or servo use 

DIF+,DIF- Pins for external differentiator components 

GOUT 0 Clock input into D flip-flop provided for testing 

OS Pin for external capacitor in the one shot which determines read channel 
output one-shot pulse width 

RD 0 A Pseudo EGL (PECL) read output 

TABLE 1: Mode Control 

MODE R/W HOLD CONDITIONS 

Read/AGC 1 1 Read amp on, AGC active and controlled by data, Digital 
section active 

Read/Hold 1 0 Read amp on at fixed gain, AGC level held constant 
Digital section active 

Write 0 - Read amp on with reduced input impedance AGC level 
pulled low, Digital section deactivated, BYP pin set for 
maximum AGC gain 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATING 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNITS 

+5V Supply Voltage,VCC, PEVCC 6.0 v 
+12V Supply Voltage,VDD 14.0 v 
Pin Voltage -0.3 to VDD+0.3 v 
BYP, AGC, LEVEL, HYS, HOLD A/B, 
VREF, BURST A/B, PES, DIF+/-, Fix± 

Pin Voltage -0.3 to VCC+0.3 v 
IN+/-, HOLD, R/W, RST, ATTEN, 
LATCHA/B, CS, OS, FIL T1-2, 
Fx±, OUT+, DLYIN, INREF, VREF2_2 
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ABSOLUTE MAXIMUM RATING (continued) 

PARAMETER RATING 

RD, DOUT, COUT -0.3 to VCC+0.3 
or+12mA 

Storage Temperature -65 to +150 

Lead temperature 
(soldering 10 sec) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER 

vcc Supply Voltage 

VDD Supply Voltage 

Tj Junction Temperature 

Ta Ambient Temperature 

ELECTRICAL CHARACTERISTICS 

POWER SUPPLY 

CONDITIONS 

Recommended conditions apply unless otherwise specified. 

PARAMETER CONDITIONS 

ICC VCC Supply Current Outputs unloaded 

IDD VDD Supply Current Outputs unloaded 

Pd Power dissipation Ta=70° C 
Outputs unloaded 

MODE CONTROL 

PARAMETER CONDITIONS 

Read-to-Write R/W Pin High --+ Low 
Transition time 

Write to Read R/W Pin Low --+ High 
Transition time AGC settling not included 

Hold On H Hold off HOLD Pin High H Low 
Transition time R/W Pin High 

2-06 

260 

MIN 

4.5 

10.8 

25 

0 

MIN 

MIN 

1.2 

UNITS 

v 

oc 
oc 

NOM MAX UNIT 

5.0 5.5 v 
12.0 13.2 v 

145 c 
70 c 

NOM MAX UNIT 

50.0 mA 

80.0 mA 

1.25 w 

NOM MAX UNITS 

1.0 µs 

3.0 µs 

1.0 µs 
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LOGIC SIGNALS (HOLD, FILT1-2, R/W, LATCHA,B, RST Pins) 

PARAMETER CONDITIONS MIN 

VIL Input Low Voltage -0.3 

VIH Input High Voltage 2.0 

Ill Input Low Current VIL= 0.4V 0.0 

llH Input High Current VIH = 2.4V 
--

*For RST only, limit is -0.8 mA 

PECL OUTPUT: RD, DOUT PINS 

PARAMETER CONDITIONS MIN 

Output Low Voltage 

Output High Voltage VCC-1.02 

Output Rise Time 10 to 90 % 

Output Fall Time 90 to 10 % 

*Output load is a 2.5 kn resistor to GND, and a 5 pf capacitor to ground. 

AUTOMATIC GAIN CONTROL CIRCUIT 

SSI 32P547 
High Performance 

Pulse Detector 

NOM MAX UNITS 

0.8 v 
VCC+0.3 v 

• -0.4 mA 

100 µA 

NOM MAX UNITS 

VCC-1.625 v 
v 

5.0 ns 

5.0 ns 

All of the measurements in the AGC gain mode are made with the following conditions unless otherwise 
stated: 

1. The circuit is in the read mode (R/W, and HOLD pins high). 

2. The circuit is connected as in Figure 5. 

3. The amplifier inputs, IN+ and IN- , are AC coupled. 

4. The OUT+ pin is loaded with 100 n to Vee and Fx+, Fx- 2oon each to Voo (through series capacitors). 

5. A 1000 pf capacitor is tied between BYP and GND. 

6. The AGC pin is left open. 

READ DATA MODE 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Slow AGC Capacitor V(Fx+ - FX-)=0.0 Volts Vary 4.5 µA 
Discharge Current V(AGC) until slow discharge begins 

Fast AGC Capacitor V(Fx+ - FX-)=0.0 Volts Vary 
Discharge Current V(AGC) until fast discharge begins 0.8 mA 

Fast Decay Hold Off Time Slow Attack Threshold 0.7 1.6 3.0 µs 
Not Reached 

AGC Capacitor R/W pin high, HOLD low -0.2 0.2 µA 
Leakage Current 
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ELECTRICAL CHARACTERISTICS (continued) 

READ DATA MODE (continued) 

PARAMETER CONDITIONS 

Slow AGC Capacitor Charge V(Fx+ - Fx-)=0.41 Vclc, 
Current Vary V(AGC) until slow 

charge begins 

Fast AGC Capacitor Charge V(Fx+ - Fx-)=0.8 Vdc 
Current Vary AGC until 

fast charge begins 

Fast -t Slow Attack Switchover Minimum V(Fx ±) in fast 
Point attack mode; Minimum 

V(Fx ±) in slow attack mode 

Gain Attack Time R/W = low -t high, changing 
(Ta) See Fig. 1 Vin from 200 to 400 mVpp @ 

2.5 MHz, V(Fx±) to 110% 
of final value 

Fx+ - Fx- Input Voltage Swing vs 15 mVpp < V(IN+ - IN-) 
AGC Input Voltage < 250 mVpp, 

0.4 Vpp < V(Fx+ - Fx-) 
< 1.25 Vpp, 
V(ATIEN) = V(VREF2 2) 

Fx+ - Fx- Input Voltage Swing 15 mVpp < V(IN+ - IN-) 
Variation < 250 mVpp 

0.4 Vpp < V(Fx+ - Fx-) 
< 1.25 Vpp 

AGC Pin Input Impedance 

AGC Pin Voltage AGCpinopen 

AGC AMPLIFIER CHARACTERISTICS 

Gain Range Z Load= 1000 

Output DC Voltage Variation V(IN+) = V(IN-); over actual 
gain range 

Maximum Allowable Output 
Voltage Swing on OUT+ pin 

Differential Input Resistance V(IN+ - IN-)=100 mVpp 
@2.5MHz 

Differential Input Capacitance V(IN+ - IN-)=100 mVpp 
@2.5MHz 

Common Mode Input Impedance R/W pin = high 

(Both Sides) R/Wpin =low 

Input Noise Gain set to 16 VIV 
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MIN NOM MAX UNIT 

-0.14 -0.22 mA 

-1.3 -2.0 mA 

0.15 v 

4 µs 

0.25 0.48 Vpp/V 

8.0 % 

5.0 8.3 kn 

2.28 2.4 2.52 v 

0.3 16.5 VIV 

±150 mV 

360 mVpp 

5.0 kn 

10.0 pF 

1.8 kn 

250 n 
25 JJY._ 

((Hz) 
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AGC AMPLIFIER CHARACTERISTICS (continued) 

PARAMETER CONDITIONS 

Bandwidth Transconductance (louWin) 
± 3 dB bandwidth, 
referenced to 2.5 MHz 

Common Mode Rejection Ratio V(IN+) = V(IN-) = 100 mV, 
(Input Referred) 5 MHz, gain set to 16 VIV 

Output DC Current on OUT+ Pin IN+, IN- shorted together 

Output Impedance, OUT+ Pin 

Output Capacitance OUT+ Pin 

Allowable DC. Load Resistance 
To VCC on OUT+ Pin 

Allowable AC Load 
Impedance on OUT+ Pin 

Power Supply Rejection 1W(VDD) or 1W(VCC) = 
Ratio (input referred) 100 mVpp, 5 MHz, gain set 

at 16 VIV 

MIN 

40 

40 

88 

88 

22 

SSI 32P547 
High Performance 

Pulse Detector -

NOM MAX UNIT 

MHz 

dB 

4.5 mA 

50 kQ 

5 pF 

112 n 

112 n 

dB 

PULSE SLIMMER, EXTERNAL FILTER DRIVERS AND VARIABLE ATTENUATOR 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Gain from OUT+ pin to (Fix+ - Fix-) V (ATTEN) = VREF2_2 9 VIV 

Kmin, minimum attenuator gain V(ATTEN) = VREF2_2 0.05 

Kmax, maximum attenuator gain V(ATTEN) = 0.0V 0.81 

Gain Factor G Tolerance G(ideal) = 0.83, V(ATTEN) = -4 +4 % 
VREF2_2 

Ko Tolerance Ko(ideal) = 0.84, -4 +4 % 
V(ATTEN) = 0.0V 

Attenuator Gain K Ratio Linearity 0.0 < V(ATTEN) < VREF2_2 -0.0 -4 % 
end point method 

OUT+ to INREF pin resistance 5 9 kQ 

Output Voltage Ref lload =Oto -1 mA 1.95 2.28 2.45 v 
VREF2_2 Pin 

Output Voltage Resistance lload = -.7mA 4 n 
VREF2_2 Pin 

Maximum Output Voltage Swing Fix± 1.25 Vpp 
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ELECTRICAL CHARACTERISTICS (continued) 

PULSE SLIMMER AND EXTERNAL FIL TEA DRIVERS 

PARAMETER CONDITIONS 

Input Resistance DL YIN Pin 

Input Capacitance DL YIN Pin 

Bandwidth referenced to 2.5 MHz Transconductance 
l(Flx± /V(OUT +) 

Allowable External Fix± to VDD 
DC Load Resistance 

Power Supply Rejection Ratio tN (12) or !!.V (5) = 100 mVpp, 
(Input Referred) 5 MHz delayline shorted 

Input Resistance ATTEN Pin 

Input Bias Current ATTEN Pin 

READ MODE DIGITIZING SECTION 

MIN NOM MAX UNIT 

200 kQ 

5 pF 

40 MHz 

190 210 n 

45 dB 

200 kn 
8 µA 

All of the measurements in the read mode digital section are made with the following conditions unless 
otherwise stated: 

1. The circuit is in the read mode (R/W pin is high). 

2. The summer input pins, (Fx+, Fx-) receive AC coupled 2.5 MHz, 0.83 Vpp sine wave input signal. 

3. 100 n in series with 65 pF are tied between DIF+ and DIF-. 

4. A 1.8 Vdc voltage is applied to the HYS pin. 

5. OS is tied to the 5V supply with a 60 pF capacitor, Cos. 

6. The DOUT pin is loaded with a 2.5 kn resistor to GND and a 5 pF capacitor to GND. 

7. The RD pin is loaded with a 2.5 kn resistor to GND and a 5 pF capacitor to GND. 

SUMMER AND BUFFER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Allowable Input Signal Range V(Fx+ - Fx-) 1.25 Vpp 

Differential Input Resistance V(Fx+ - Fx-) 10 18 kn 
=100 mVpp DC 

Differential Input Capacitance V(Fx+ - Fx-) 4.0 pF 
=100 mVpp@2.5 MHz 

Common Mode Input On all Fx+ to Fx- 2.5 4.5 kQ 

Impedance Fx+/- tied together 

Bandwidth referenced to 2.5 MHz V(DIF±)/V(Fx±) 35 MHz 
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HYSTERESIS COMPARATOR CIRCUIT 

PARAMETER CONDITIONS 

LEVEL Pin Output 0.4 < V(Fx+ -Fx-) 
Voltage vs Fx+ - Fx- Input < 1.25 Vpp, 10 k.Q 
Voltage between LEVEL pin and GND 

LEVEL Pin Output Impedance !(LEVEL) = 0.5 mA 

LEVEL Pin Maximum V(Fx±) = 0.415V, 
Output Current i:W(Level) ~0.8 V 

Comparator and Summer HYS pin at GND, 
Offset Voltage ~1.5 kn across Fx+,Fx-. 

Input referred Hysteresis Voltage 1 V < V(HYS) < 3 V 
(at Fx+ - Fx- Pins) vs HYS Pin 
Voltage 

Hysteresis threshold tolerance as Set V(HYS) such that 
a% of V(Fx+ - Fx-) peak Hysteresis Threshold (Ideal) 

is 60% of V(Fx±), 
V(Fx±) = .415V 
(see Figures 2 & 3) 

HYS Pin Input Current 1 V < V(HYS) < 3 V 

MIN 

1.8 

3.0 

0.16 

-15 

0.0 

SSI 32P547 
High Performance 

Pulse Detector 

NOM MAX UNIT 

3.0 VNpp 

180 n 

mA 

30 mV 

0.25 VIV 

+15 % 

-20 µA 

* In an open loop configuration where reference is V(AGC), tolerance can be slightly higher. 

DIFFERENTIATOR CIRCUIT 

Voltage Gain from Fx+/- to DIF+/- R(DIF+ to DIF-) = 2.0 k.Q 2.0 3.06 VN 

DIF+ to DIF- Pin Current Differentiator impedance must ±1.3 mA 
be set so as to not clip the 
signal for this current level 

Comparator Offset Voltage DIF+, DIF- AC coupled 10.0 mV 
not directly measured 

GOUT Pin Output Low Voltage 0.0 ~ IOI~ 0.5 mA VDD-3.0 v 
GOUT Pin Output 0.0 ~ loh ~ 0.5 mA +0.4 v 
Pulse Voltage Swing, 
V(high) - V(low) 

GOUT Pin Output Pulse Width o.o ~ loh ~ 0.5 mA 30 ns 

Required DFF Set-up Time, Minimum allowable time delay 0 ns 
Td1 in Fig. 6 from V(Fx+,Fx-) exceeding 

hysteresis point to 
V(DIF+,DIF-) hitting peak 
value 

Propagation Delay, Td3 in Fig. 6 110 ns 

Output Data Pulse Td5(ideal) = 900 x Cos ±15 % 
Width at RD Pin, Td5 in Fig. 6 @V(RD) =50% 

30 ~ Cos ~ 200 pF 
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ELECTRICAL CHARACTERISTICS (continued) 

READ DIGITAL SECTION AS SYSTEM 

PARAMETER CONDITIONS 

Pulse Pairing 0.83 Vpp into Fx+/- pins 
ITd3 - Td41 Fig. 6 at2.5 MHz 

0.83 Vpp into Fx+/- pins 
at9.0 MHz 

SERVO BURST CAPTURE CIRCUIT 

MIN NOM 

All of the measurements are made with the following conditions unless otherwise stated: 

1. The circuit is connected as in Figure 5. 

2. A and B bursts are sampled onto BURSTA and BURSTB pins. 

PARAMETER CONDITIONS MIN NOM 

Allowable VREF Voltage Range 3.9 

BURSTA,BURSTB AV- V(BURST)-VREF =2.SVIV p 
Pin Output Voltage V(Fx+-Fx-) p 

vs (Fx+ - Fx-) Input Voltage LA TCHA or LA TCHB = Low 

BURSTA, BURSTB V(BURST) - V(VREF), 
Output Offset Voltage LATCHA, LATCHB Low, 

V(Fx+) = V(Fx-), RCS= 
38.3 kn, AST low 

BURSTA - BURSTB V(BURSTA)-V(BURSTB), 
Output Offset LATCHA, LATCHB Low, 
Voltage Match V(Fx+) = V(Fx-) 

PES Pin Output V(PES) - V(VREF), 
Offset Voltage LATCHA, LATCHB Low, 

V(Fx+) = V(Fx-) 

PES Pin Output Voltage 
vs. Va(Fx)pp - Vb(Fx)pp AV V(PES)-VREF = 2.SVIV 

Va(Fx)pp-Vb(Fx)pp pp 

Output Resistance 
BURSTA, BURSTB PES pins 

HOLDA/B Charge Current 25 

HOLDNB Discharge Current AST= Low; 
ldis = 2.6/(RCS + 750) -15 

AST= High, 
LA TCH_NB = High 

Allowable Load Resistance; Resistor to VREF 10.0 
BURSTNB,PES pins 

Allowable Load Capacitance; 
BURSTNB,PES pins 
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MAX UNIT 

1.5 ns 

1.0 ns 

MAX UNIT 

6.0 v 

±11 % 

±60 mV 

±15 mv 

±50 mv 

±15 % 

20.0 a 

mA 

+15 % 

±0.5 µA 

kn 

20.0 pF 
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SERVO BURST CAPTURE CIRCUIT (continued) 

PARAMETER CONDITIONS 

LATCHA/B Pin Setup Time 
(Tds1 in Fig. 2) 

LATCHA/B Pin Hold Time, 
(Tds2 in Fig. 2) 

Channel A/B Discharge Current 
Turn On Time (Tds3 in Fig. 2) 

Channel A/B Discharge Current 
Turn Off Time (Tds4 in Fig. 2) 

FIGURE 1: AGC Timing Diagram 

AID CHANNEL 

MIN 

150 

150 

SSl32P547 
High Performance 

Pulse Detector 

NOM MAX UNIT 

ns 

ns 

150 ns 

150 ns 

":: ~""' ~t"" 
OISCHARGECUFlRENT ------------

V(BURSTA) L___ ~ 

-·~ 
V{BURSTB) ~-------~ 

V!PE~~~ 
VREF I-~--=='--------------

FIGURE 2: Servo Timing Diagram 
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V(Fx+ - Fx-) 

ToAGC 
Charge Pump 

V (internal) 

FULL WAVE 
RECTIFIER 

V(AGC) 

+§ 

V(LEVEL) 
V(HYS) = K% of V(LEVEL) 

FIGURE 3: Feed Forward Mode 

+15% (max) 

gj ~ 
~ 8'. Typical - 60% 
.c~ 

S! ,!. .cu.. 
';;; ~ -15% (min) 
·;~ 
~> 

l~ 

For V(HYS) = 
K% of V(LEVEL) 

Typically - 60% 

_l .... 

9 MHz Frequency 

FIGURE 4: Percentage Threshold vs. Frequency 
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FIGURE 6: Read Mode Digital Section Timing Diagram 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

Fl1+ 
FILT2 
FILT1 

AGND 
INREF 

ATTEN 

DLYIN 
OUT+ 

VREF2_2 

IN+ 
IN­

VDD 

vcc 

52-Pln Leaded Chip Carrier 

SSI 32P547 
High Performance 

Pulse Detector 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

F1-

F1+ 
AGC 
DIF+ 
DIF­
"RST 
t500T 
HYS 

LEVEL 
HOLDA 
HOLDB 
cs 
PEVCC 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32P549 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 

In read mode the SSI 32P549 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC amplifier 
is used to compensate for variations in head preamp 
output levels, presenting a constant input level to the 
pulse qualification circuitry. The AGC loop can be 
disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

In write mode the read data pulse circuitry is disabled, 
the AGC gain is held constant, and the AGC gain stage 
input impedance is switched to a lower level to allow 
fast settling of the input coupling capacitors during a 
write to read transition. The SSI 32P549 requires a +5V 
power supply and is available in a 28-pin PLCC, 24-pin 
DIP and 24-pin SOL. 

SSI 32P549 
Pulse Detector 

December 1991 

FEATURES 

• Level quallflcatlon supports high resolution 
MFM and ALL encoded data retrieval 

• Wide bandwidth AGC Input amplifier 

• Standard +5V ± 10% supplies 

• Write to read transient suppression 

• Fast and slow AGC attack regions for fast 
transient recovery 

• ~ ±1.0 ns pulse pairing 

• 16 Mblt/s operation 

BLOCK DIAGRAM 

OUT+ OUT- DIN- DIN+ CIN-
,,0,,,, Y: ---==,...,,;_,,() 

>< 

FUlL WAVE RECTIFIER 

BYP 

AGC LEVEL 
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SSI 32P549 
Pulse Detector 

CIRCUIT OPERATION 

READ MODE 

In read mode ( R/W input high or open) the input signal 
is amplified and qualified using an AGC amplifier and 
pulse level qualification of the detected signal peaks. 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 

The 32P549 contains a dual rate attack charge pump. 
The value of the attack current is dependent on the 
instantaneous level at DIN±. For signal levels above 
125% of the desired level a fast attack mode is invoked 
that supplies a 1.4 mA charge current to the network on 
the BYP pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
O .18 mA of charge current to the BYP pin. 

Two decay modes are available and are automatically 
controlled within the device. 

Upon a switch to write mode, the device will hold the 
gain at its previous value and the AGC input stage is 
switched into a low impedance state. When the device 
is then switched back to read mode the AGC holds the 
gain and stays in the low impedance state for 0.9 µs. It 
then switches into a fast/slow attack mode if the new 
gain required is less than the previously held gain or a 
fast decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on for 0.9 µs. After the 0.9 µs time period the 
device stays in a steady state slow attack, slow decay 
mode. The slow decay discharge current is 4.5 µA. 

The AGC pin is internally biased so that the target 
differential voltage input at DIN± is 1.0 Vpp under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
voltage level is shown in Figure 1; where: 

V =Voltage at AGC w/pin open (2.3V, nom) 

Rint = AGC pin input impedance (2.5 kf.l, typ) 

Rext = External resistor 

2-80 

v 

VN3C = (5-V) Rint +V 
R1nt + Rext 

5V 

v 

FIGURE 1: AGC Voltage 

The new DIN ± input target level is nominally 
(VAGC - 0.75) • 0.64 Vpp. 

The maximum AGC amplifier output swing is 2.6 Vpp 
at OUT±, which allows for up to 6dB loss, with margin, 
in any external filter between OUT± and DIN±. 

AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 

GainVN 

80 

45 

I 
4 -------,---

2.5 
VBYP(Volts) 

FIGURE 2: AGC Gain 

The AGC amplifier has emitter follower outputs and 
can sink 3.5 mA. 

One filter for both amplitude (DIN± input) and time 
(CIN± input) channels, or a separate filter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. 

In the amplitude channel the signal is sent to a hyster­
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a 
fraction of the DIN± voltage level. 
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The latter approach is accomplished by using an exter­
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1 .0 Vpp at DIN± results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
if DIN± is 1.0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result in a nominal±0.1 BV threshold or a 36% threshold 
of a ±0.500V DIN± input. The capacitor, from the 
LEVEL pin to GND, is chosen to set an appropriate time 
constant. This ''feed forward" technique speeds up 
transient recovery by allowing qualification of the input 
pulses while the AGC is still settling. This helps in the 
two critical areas of write to read and head change 
recovery. Some care in the selection of the hysteresis 
level time constant must be exercised so as to not miss 
pattern (resolution) induced lower amplitude signals. 
Note that there is a built-in 0.05V threshold (10% of 
1 Vpp) for level qualification even when the HYS pin is 
grounded. This is to prevent false triggering by baseband 
noise during a DC erase gap (e.g., address mark). The 
output of the hysteresis comparator is the "D" input of 
a D-type flip-flop. The DOUT pin is a comparator output 
signal for testing purposes only. When testing, it re­
quires an external 3-6 kn pull down resistor. If no 
testing is necessary, the DOUT pin can be pulled up to 
VPD (+5V) to save power. 

In the time channel the signal is differentiated to trans­
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one­
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3-6 kn 
pull down resistor for testing. 

The differentiatorfunction is accomplished by an exter­
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: 

Av= -2000Cs 
LCs2 + C(R + 92)s + 1 

where: C, L, R are external passive components 
20 pF < C < 150 pF 
S=jro = j27tf 
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Pulse Detector 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ­
ous threshold exceeding peak. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 

WRITE MODE 

In Write Mode the SSI 32P549 Pulse Detector is 
disabled and preset for the following Read Mode. The 
dig ital circuitry is disabled, the input AGC amplifier gain 
is held at its previous value and the AGC amplifier input 
impedance is reduced. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P549 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 µs before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

POWER DOWN MODE 

A power down mode is provided to reduce power 
usage during the idle periods. Taking PDWN low 
causes the device to go into complete shutdown. When 
PDWN returns high, the device executes the normal 
Write to Read recovery sequence. 

MODE CONTROL 

The SSI 32P549 circuit mode is controlled by the 
PDWN, HOLD, and R/W pins as shown in Table 1. 



SSI 32P549 
Pulse Detector 

R/W HOLD 

1 1 

1 0 

0 x 

x x 

PDWN 

1 Read Mode, AGC Active 

1 Read Mode AGC gain held constant* 

1 Write Mode AGC gain held constant* 
Input impedance reduced 

0 Power Down - low current disabled mode 

• AGC gain will drift at a rate determined by BYP capacitor and Hold mode leakage current. 

TABLE 1: Mode Control 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VPA I Analog (+SV) power supply for pulse detector 

AGND I Analog ground pin for pulse detector block 

VPD I Digital (+SV) power supply pin 

DGND I Digital ground pin 

IN+, IN- I Analog signal input pins 

OUT+, OUT- 0 Read path AGC Amplifier output pins 

DIN+, DIN- I Analog input to the hysteresis comparator 

CIN+, CIN- I Analog input to the differentiator 

DIF+, DIF- 1/0 Pins for external differentiating network 

COUT 0 Test point for monitoring the flip-flop clock input 

DOUT 0 Test point for monitoring the flip-flop D-input 

RD 0 TTL compatible read output 

BYP 1/0 An AGC timing capacitor or network is tied between this pin and 
AGND1 

AGC I Reference input voltage for the read data .AGC loop 

LEVEL 0 Output from fullwave rectifier that may be used for input to the 
hysteresis comparator 

HYS I Hysteresis level setting input to the hysteresis comparator 

HOLD I TTL compatible pin that holds the AGC gain when pulled low 

PDWN I Low state on this pin puts the device in a low power "off" state 

R/W I Selects Read or Write mode 
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ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 

SSI 32P549 
Pulse Detector 

Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VPA, VPD 

Pin Voltage (Analog pins) 

Pin Voltage (All others) 

Storage Temperature 

Lead Temperature (Soldering 10 sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

Supply Voltage (VPA & VPD) 

Junction Temperature, Tj 

POWER SUPPLY 

PARAMETER CONDITIONS 

IVPA Supply Current Outputs unloaded; 
IVPD PDWN = high or open 

Pd Power dissipation Ta = 25°C, outputs unloaded; 
PDWN =high 

Outputs unloaded; 
PDWN =low 

LOGIC SIGNALS 

VIL Input Low Voltage 
r--~-

VIH Input High Voltage 

Ill Input Low Current VIL= 0.4V 

llH Input High Current VIH = 2.4V 

VOL Output Low Voltage IOL= 4.0 mA 

VOH Output High Voltage IOH = -400 µA 

•Output load 1s a 4K resistor to 5V and a 10 pF capacitor to DGND. 

2-83 

RATING UNIT 

6.0 v 
-0.3 to VPA + 0.3 v 
-0.3 to VPD + 0.3 v 

or +12 mA 

-65 to 150 oc 
260 oc 

MIN NOM MAX UNIT 

4.5 5.0 5.5 v 
25 135 oc 

MIN NOM MAX UNIT 

58 80 mA 

290 440 mW 

100 150 mW 

-0.3 0.8 v 
2.0 VPA+0.3 v 
0.0 -0.4 mA 

100 µA 

0.5 v 
2.4 v 



SSI 32P549 
Pulse Detector 

ELECTRICAL SPECIFICATIONS (Continued) 

MODE CONTROL 

PARAMETER 

Enable to/from PDWN 
Transition Time 

Read to Write Transition Time 

Write to Read 
Transition nme 

HOLD On to/from HOLD Off 
Transition Time 

READ MODE (R/W is high) 

AGC AMPLIFIER 

CONDITIONS 

Settling time of external 
capacitors not included, 
pin high to/from low 

R/W pin high to low 

R/W pin low to high 
AGC settling not included 

HOLD pin high to/from low 

MIN NOM MAX UNIT 

20 µs 

1.0 µs 

0.4 0.9 1.6 µs 

1.0 µs 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN± and 
amplitude is between 25 mVpp & 250 mVpp differential. OUT± are loaded differentially with >8000, and each 
side is loaded with < 10 pF to AGN D, and AC coupled to DIN±. A 2000 pF capacitor is connected between BYP 
and AGND. AGC pin is open. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Minimum Gain Range 1.0 Vpp s; (OUT+) - (OUT-) 4 80 VN 
s; 2.6 Vpp 

Output Offset Voltage Over entire gain range -400 +400 mV 

Maximum Output Set by BYP pin 2.6 Vpp 
Voltage Swing THD s; 5% 

Differential Input Resistance (IN+) - (IN-)= 100 mVpp 4 5.4 7.5 kn 
@2.5MHz 

Differential Input Capacitance (IN+) - (IN-)= 100 mVpp 4 10 pF 
@2.5MHz 

Single Ended Input R/W = high, IN+ or IN- pin 2 2.7 3.8 kn 
Impedance (Each Side) R/W = low, IN+ or IN- pin 160 250 n 
Input Noise Voltage Gain set to maximum 5 15 nv.../HZ 

Bandwidth -3 dB bandwidth at 30 MHz 
maximum gain 

OUT+ & OUT- Pin Current No DC path to AGND ±2.5 ±3.5 mA 

CMRR (Input Referred) (IN+)= (IN-)= 100 mVpp 40 65 dB 
@ 5 MHz, gain set to max 

PSRR (Input Referred) VPA, VPD = 100 mVpp 30 dB 
@ 5 MHz, gain set to max 
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AGC AMPLIFIER (Continued) 

PARAMETER CONDITION 

(DIN+) - (DIN-) Input 25 mVpp $ (IN+) - (IN-) 
Swing vs. AGC Input $ 250 mVpp, HOLD = high, 
(DIN+) - (DIN-)= (VAGC - K1) • K2 0.5 Vpp $(DIN+) - (DIN-) 

$1.5 Vpp 
K1 

K2 

(DIN+) - (DIN-) Input Voltage 25 mVpp $ (IN+) - (IN-) 
Swing Variation $ 250 mVpp 

AGC Voltage AGCopen 

AGC Pin Input Impedance 

Slow AGC Discharge Current (DIN+) - (DIN-) = OV, AGC pin open 

Fast AGC Discharge Current Starts at 0.9 µs after R/W 
goes high, stops at 1.8 µs 
after R/W goes high 

AGC Leakage Current HOLD = low, 10,.;; AGC gain ,.;BO 

Slow AGC Charge Current (DIN+) - (DIN-) = 0.563 VDC, 
AGC pin open 

Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, 
AGC pin open 

Fast to Slow Attack [(DIN+ )-(DIN-)] 
Switchover Point [(DIN+ )-(DIN-)]FINAL 

Gain Decay Time (Td) (IN+) - (IN-) = 250 mVpp to 
125 mVpp@ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 

(IN+) - (IN-) = 50 mVpp to 
25 mVpp @ 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time R/W = low to high 
(IN+) - (IN-) = 250 mVpp 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 

WRITE MODE (R/W is low) 

PARAMETER CONDITION 

Single-ended Input IN+ or IN-
Impedance (each side) 
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MIN 

0.5 

0.54 

1.8 

1.8 

2.8 

-0.2 

-0.11 

-0.9 

12 

38 

0.8 

MIN 

SSI 32P549 
Pulse Detector 

NOM MAX UNIT 

0.75 1.00 v 
0.64 0.74 Vpp/V 

5 % 

2.3 2.7 v 
2.5 3.8 k.Q 

4.5 6.5 µA 

0.12 mA 

+0.2 µA 

-0.18 -0.27 mA 

-1.4 -2.1 mA 

125 % 

20 36 µs 

60 110 µs 

2 3.6 µs 

NOM MAX UNIT 

160 250 Q 



SSI 32P549 
Pulse Detector 

HYSTERESIS COMPARATOR 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 1.5 Vpp 

Differential Input Resistance (DIN+) - (DIN-) = 100 mVpp 8 10 14 kn 
@2.5MHz 

Differential Input Capacitance (DIN+) - (DIN-)= 100 mVpp 5.0 pF 
@2.5MHz 

Single Ended Input Voltage at DIN+ or DIN- 4 5 7 kn 
DIN± Impedance (Each Side) 

Level Pin Output Voltage 0.6 Vpp < (DIN+) - (DIN-) 1 VNpp 
vs. (DIN+) - (DIN-) < 1.5 Vpp, 1 OK between 

LEVEL and AGND 

Level Pin Output Impedance ILEVEL = 0.2 mA 250 n 
Level pin Maximum 1.5 mA 
Output Current 

Hysteresis Threshold Voltage at 0.3 V < HYS < 1.0V 0.32 0.36 0.44 VN 
DIN± vs. HYS Pin Voltage 

HYS Pin Current 0.3 V < HYS < 1.0V 0.0 -10 µA 

DOUT Pin Output Low Voltage 5 kn from DOUT to DGND VPD-2 v 
DOUT Pin Output High Voltage 5 kn from DOUT to DGND VPD-1.6 v 

ACTIVE DIFFERENTIATOR 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 1 oon in series with 65 pF are tied from DIF+ to DIF-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 1.5 Vpp 

Differential Input Resistance (CIN+) - (CIN-) = 100 mVpp 8 10 14 kn 
@2.5 MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVpp 5.0 pF 
@2.5MHz 

Single Ended Input Impedance CIN+ orCIN- 4 5 7 kn 

Voltage Gain From (DIF+ to DIF-) = 2 kn 1 VN 
CIN±to DIF± 

DIF+ to DIF- Pin Current Differentiator impedance ±0.7 mA 
must be set so as to not clip 
the signal for this current 
level 
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SSI 32P549 
Pulse Detector 

ACTIVE DIFFERENTIATOR (Continued) 

PARAMETER 

COUT Pin Output Low Voltage 

COUT Pin Output High Voltage 

COUT Pin Output Pulse Width 

RIW---~ 

LoWO----j---, 

CONDITIONS MIN NOM 

5 k.Q from COUT to DGND VPD-2 

5 k.Q from COUT to DGND VPD -1.6 

22 35 

RNI---~ 

Lown---_,_---, 
.9µs 

MAX UNIT 

v 
v 

-
55 ns 

.9µs !---------- -------
Fast Discharge Sw~ch Fast Discharge Sw~ch l.9;1~-----

1 

~ ~----~ ~1----,----

I t 
-----~I"---. I - -25% 

1 I Ff 
I I 

I 

1 

(DIN+ - DIN-) 

I 

I 
°Fast Slow 

I Fast , Slow . 
Discharge Discharge 

Charge Charge 

Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 

FIGURE 7: AGC Timing Diagram 

QUALIFIER TIMING (See Figure 8) 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) -
(DIN-) are in-place as an AC coupled, 1.0 Vpp, 2.5 MHz sine wave. 1 OOQ in series with 65 pF are tied from DIF+ 
to DIF-. 0.5V is applied to the HYS pin. GOUT and DOUT each have a 5 kO pull-down resistor (for test purposes 
only.) R/W pin is high. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Td1 D Flip-Flop Set Up Minimum allowable time 0 ns 
Time delay from (DIN+) - (DIN-) 

exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 

Td3 Propagation Delay 15 ns 

Td3-Td4 Pulse Pairing 1.0 Vpp, 2.5 MHz sinewave 2 ns 

Td3-Td4 Pulse Pairing 1.0 Vpp, 5 MHz sinewave 1 ns 

Td5 RD Output Pulse Width 22 35 55 ns 
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V(CIN+l-JCIN-) 
M 01\t+~--'\--~~T-~""<----1--'~~-T-

V(OIN+) - (DIN-) 

DIFFERENT IA TOR 
COMPARATOR OUTPUT 

Vcour 

'Im OUTPUT 

FIGURE 8: Read Mode Digital Section Timing Diagram 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

DIF- 24 CIN+ 

DIF+ 2 23 DIN+ 

HYS 3 22 CIN-

LEVEL 4 21 DIN-

AGC 5 20 OUT-

IN+ 6 19 OUT+ 

IN- 7 18 AGND 

imrn 8 17 BYP 

VPA 9 16 DGND 

COUT 10 15 DOUT 

RiW 11 14 RU 

l'DWN 12 13 VPD 

24-Lead PDIP, SOL 

THERMAL CHARACTERISTICS: eja 

24-Lead PDIP 11s0 cm 
24-Lead SOL 80°CNJ 

28-Lead PLCC 65°CNJ 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32P549 Pulse Detector 

24-Pin PDIP 

24-Pin SOL 

28-Pin PLCC 

(/) 

~ >-
I 

LEVEL 

AGC 

IN+ 

IN-

Hom 

VPA 

GOUT 

12 13 

~ Q z 

+ 
LL 
Ci 

14 

~ 

u_ 
Ci 

SSI 32P549 
Pulse Detector 

+ + z z z 
0 Ci 0 

N/C 

24 DIN-

23 OUT-

22 OUT+ 

21 AGND 

20 BYP 

19 DGND 

15 16 17 18 

0 ~ Q f-
a.. ::> 
> z 0 

0 

28-Lead PLCC 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

ORDERING NUMBER PACKAGE MARK 

32P549-CP 32P549-CP 

32P549-CL 32P549-CL 

32P549-CH 32P549-CH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32P5491 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of M FM or ALL encoded read signals. 

In read mode the SSI 32P5491 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC amplifier 
is used to compensate for variations in head preamp 
output levels, presenting a constant input level to the 
pulse qualification circuitry. The AGC loop can be 
disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

In write mode the circuitry is disabled and the AGC gain 
stage input impedance is switched to a lower level to 
allow fast settling of the input coupling capacitors 
during a write to read transition. The SSI 32P5491 
requires a +5V power supply and is available in a 28-
pin PLCC, 24-pin DIP and 24-pin SOL. 

SSI 32P5491 
Pulse Detector 

tti '*' ng mt.1; hf ut.1 ;1 
December 1991 

FEATURES 

• Level quallflcatlon supports high resolution 
MFM and ALL encoded data retrieval 

• Wide bandwidth AGC input amplifier 

• Standard +5V ± 10% supplies 

• Write to read transient suppression 

• Fast and slow AGC attack regions for fast 

transient recovery 

• :.,; ±1.0 ns pulse pairing 

• 24 Mbit/s operation 

• Power down mode (5 mW maximum) 

• Low power 

BLOCK DIAGRAM 
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SSI 32P5491 
Pulse Detector 

CIRCUIT OPERATION 

READ MODE 

In read mode (R/W input high or open) the input signal 
is amplified and qualified using an AGC amplifier and 
pulse level qualification of the detected signal peaks. 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 

The 32P5491 contains a dual rate attack charge pump. 
The value of the attack current is dependent on the 
instantaneous. level at DIN±. For signal levels above 
125% of the desired level a fast attack mode is invoked 
that supplies a 1.3 mA charge current to the network on 
the BYP pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charge current to the BYP pin. 

Two decay modes are available and are automatically 
controlled within the device. 

Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 
switched back to read mode the AGC holds the gain 
and stays in a low impedance state for 0.9 µs. It then 
switches into a fast/slow attack mode if the new gain 
required is less than the previously held gain or a fast 
decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on for 0.9 µs. After the 0.9 µs time period the 
device stays in a steady state slow attack, slow decay 
mode. The slow decay discharge current is 4.5 µA. 

The AGC pin is internally biased so that the target 
differential voltage input at DIN± is 1.0 Vpp under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
voltage level is shown in Figure 1; where: 

V = Voltage at AGC w/pin open (1V, nom) 

Rint = AGC pin input impedance (3.91 kn, typ) 

Rext = External resistor 

2-92 

v 

Rini Rexl 

V.oo ~ (5-V) Rini +V 
Rini+ Rext 

5V 

v 

FIGURE 1: AGC Voltage 

The new DIN± input target level is nominally 1.0 Vpp/ 
VAGC. 

The maximum AGC amplifier output swing is 3.0 Vpp 
at OUT±, which allows for up to 6dB loss in any external 
filter between OUT± and DIN±. 

AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 

Gain VIV 

80 

40 

2.45 
VBYP(Votts) 

FIGURE 2: AGC Gain 

In the amplitude channel the signal is sent to a hyster­
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a 
fraction of the DIN± voltage level. 

The latter approach is accomplished by using an exter­
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1.0 Vpp at DIN± results in 1 .0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 

1291 - rev. 



if DIN± is 1.0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result in a nominal ±0 .1 SV threshold or a 36% threshold 
of a ±0 .500V DIN± input. The capacitor is chosen to set 
an appropriate time constant. This ''feed forward" tech­
nique speeds up transient recovery by allowing quali­
fication ofthe input pulses while the AGC is still settling. 
This helps in the two critical areas of write to read and 
head change recovery. Some care in the selection of 
the hysteresis level time constant must be exercised so 
as to not miss pattern (resolution) induced lower am­
plitude signals. The output of the hysteresis compara­
tor is the "D" input of a D-type flip-flop. The DOUT pin 
is a comparator output signal for testing purposes only. 

In the time channel the signal is differentiated to trans­
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one­
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 

The differentiator function is accomplished by an exter­
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: 

Av -3536Cs 
LCs2 + C(R + 52)s + 1 

where: C, L, R are external passive components 
15pF<C<125pF 
S=jro = j27tf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ­
ous threshold exceeding peak. 
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SSI 32P5491 
Pulse Detector 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 

WRITE MODE 

In Write Mode the SSI 32P5491 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P5491 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 µs before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

POWER DOWN MODE 

A power down mode is provided to reduce power 
usage during the idle periods. Taking PDWN low 
causes the device to go into complete shutdown dis­
sipating a maximum 5 mW of power. When PDWN 
returns high, the device executes the normal Write to 
Read recovery sequence. 

MODE CONTROL 

The SSI 32P5491 circuit mode is controlled by the 
PDWN, HOLD, and R/W pins as shown in Table 1. 



SSI 32P5491 
Pulse Detector 

R/W HOLD 

1 1 

1 0 

0 x 

x x 

PDWN 

1 Read Mode, AGC Active 

1 Read Mode AGC gain held constant* 

1 Write Mode AGC gain held constant* 
Input impedance reduced 

0 Power Down - low current disabled mode 

• AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 

TABLE 1: Mode Control 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VPA I Analog (+5V) power supply for pulse detector 

AGND I Analog ground pin for pulse detector block 

VPD I Digital (+5V) power supply pin 

DGND I Digital ground pin 

IN+, IN- I Analog signal input pins 

OUT+, OUT- 0 Read path AGC Amplifier output pins 

DIN+, DIN- I Analog input to the hysteresis comparator 

CIN+, CIN- I Analog input to the differentiator 

DIF+, DIF- 1/0 Pins for external differentiating network 

COUT 0 Test point for monitoring the flip-flop clock input 

DOUT 0 Test point for monitoring the flip-flop D-input 

RD 0 TIL compatible read output 

BYP 1/0 An AGC timing capacitor or network is tied between this pin and 
AGND1 

AGC I Reference input voltage for the read data AGC loop 

LEVEL 0 Output from fullwave rectifier that may be used for input to the 
hysteresis comparator 

HYS I Hysteresis level setting input to the hysteresis comparator 

HOLD I TIL compatible pin that holds the AGC gain when pulled low 

PDWN I Low state on this pin puts the device in a low power "off" state 

R/W I Selects Read or Write mode 

2-94 1291 - rev. 



1291-rev. 

ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 

SSI 32P5491 
Pulse Detector 

Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VPA, VPD 

Pin Voltage (Analog pins) 

Pin Voltage (All others) 

Storage Temperature 

Lead Temperature (Soldering 10 sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

Supply Voltage (VPA & VPD) 

Junction Temperature, Tj 

Ambient Temperature, Ta 

POWER SUPPLY 

PARAMETER CONDITIONS 

IVPA Supply Current Outputs unloaded; 
IVPD PDWN = high or open 

Pd Power dissipation Ta= 25°C, outputs unloaded 

PDWN=low, 
Outputs unloaded 

LOGIC SIGNALS 

PARAMETER CONDITIONS 

VIL Input Low Voltage 

VIH Input High Voltage 

Ill Input Low Current VIL= 0.4V 

llH Input High Current VIH = 2.4V 

VOL Output Low Voltage IOL= 4.0 mA 

VOH Output High Voltage IOH = -400 µA 

* Output load is a 4K resistor to 5V and a 1 O pF capacitor to DGND. 

2-95 

RATING 

6.0V 

-0.3 to VPA, + 0.3V 

-0.3 to VPD + 0.3V 
or +12 mA 

65 to 150°C 

260°C 

MIN NOM MAX UNIT 

4.75 5.0 5.25 v 
25 135 oc 
0 70 oc 

MIN NOM MAX UNIT 

34 mA 

170 mW 

2 5 mW 

MIN NOM MAX UNIT 

-0.3 0.8 v 
2.0 VCC+0.3 v 
0.0 -0.4 mA 

100 µA 

0.5 v 
2.4 v 



SSI 32P5491 
Pulse Detector 

MODE CONTROL 

PARAMETER 

Enable to/from PDWN 
Transition Time 

Read to Write Transition Time 

Write to Read 
Transition Time 

HOLD On to/from HOLD Off 
Transition Time 

READ MODE (R/W is high) 

AGC AMPLIFIER 

CONDITIONS 

Settling time of external 
capacitors not included, 
pin high to/from low 

R/W pin high to low 

R/W pin low to high 
AGC settling not included 

HOLD pin high to/from low 

MIN NOM MAX UNIT 

50 µs 

1.0 µs 

0.5 0.9 1.3 µs 

1.0 µs 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN± and 
amplitude is between 25 mVpp & 250 mVpp differential. OUT± are loaded differentially with >6000, and each 
side is loaded with< 1 O pF to AGND, and AC coupled to DIN±. A 2000 pF capacitor is connected between BYP 
and AGND. AGC pin is open. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Gain Range 1.0 Vpp ~(OUT+) - (OUT-) 4 80 VN 
~3.0 Vpp 

Output Offset Voltage Over entire gain range -200 0 +200 mV 

Maximum Output Set by BYP pin 3.0 Vpp 
Voltage Swing THD~5% 

r----
Differential Input Resistance (IN+) - (IN-)= 100 mVpp 5.0 kQ 

@2.5 MHz 

Differential Input Capacitance (IN+) - (IN-)= 100 mVpp 10 pF 
@2.5 MHz 

Common Mode Input R/W =high 1.8 kQ 

Impedance R/W= low 250 n 
Input Noise Voltage Gain set to maximum 15 nv..JHz 

Bandwidth -3 dB bandwidth at 32 MHz 
maximum gain 

OUT+ & OUT- Pin Current No DC path to AGND 3 mA 

CMRR (Input Referred) (IN+)= (IN-)= 100 mVpp 40 dB 
@ 2.5 MHz, gain set to max 

PSRR (Input Referred) VP A 1 , 2 = 1 00 mVpp 30 dB 
@ 2.5 MHz, gain set to max 
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AGC AMPLIFIER (Continued) 

PARAMETER CONDITION 

(DIN+) - (DIN-) Input 25 mVpp S (IN+) - (IN-) 
Swing vs. AGC Input s 250 mVpp, HOLD = high, 

0.5 Vpp s (DIN+) - (DIN-) 
s 1.5 Vpp 

(DIN+) - (DIN-) Input Voltage 25 mVpp s (IN+) - (IN-) 
Swing Variation s 250 mVpp 

AGC Voltage AGCopen 

AGC Pin Input Impedance 

Slow AGC Discharge Current (DIN+) - (DIN-) = OV 

Fast AGC Discharge Current Starts at 0.9 µs after R/W 
goes high, stops at 1.8 µs 
after R/W goes high 

AGC Leakage Current HOLD= low 

Slow AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, 
vary AGC until slow charge 
begins 

Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, 
VAGC= 3.0V 

Fast to Slow Attack [(DIN+)-( DIN-)] 
Switchover Point [(DIN+)- (DIN-)] FINAL 

Gain Decay Time (Td) (IN+) - (IN-) = 250 mVpp to 
125 mVpp@ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 

(IN+) - (IN-) = 50 mVpp to 
25 mVpp at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time R/W = low to high 
(IN+) - (IN-) = 250 mVpp 
@2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 

WRITE MODE (R/W is low) 

PARAMETER CONDITION 

Common Mode Input 
Impedance 
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MIN 

0.9 

0.8 

4.4 

4 

100 

-0.2 

-0.12 

-0.9 

MIN 

SSI 32P5491 
Pulse Detector 

NOM MAX UNIT 

1.0 1.1 Vpp/V 

6.0 % 

1.0 1.2 v 
5.5 6.6 kn 

4.5 6 µA 

120 140 µA 

0 +0.2 µA 

-0.18 -0.24 mA 

-1.3 -1.7 mA 

125 % 

12 µs 

60 µs 

2 µs 

NOM MAX UNIT 

250 n 



SSI 32P5491 
Pulse Detector 

HYSTERESIS COMPARATOR 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 0.6 1.0 1.5 Vpp 

Differential Input Resistance (DIN+) - (DIN-) = 100 mVpp 12.5 15 17.5 kn 
@2.5MHz 

Differential Input Capacitance (DIN+) - (DIN-) = 100 mVpp 5.0 pf 
@2.5MHz 

Common Mode Input 3 4 5 kn 
Impedance (Both Sides) 

Level Pin Output Voltage 0.6 Vpp < (DIN+) - (DIN-) 1 VNpp 
vs. (DIN+) - (DIN-) < 1.5 Vpp, 1 OK between 

LEVEL and AGND 

Level Pin Output Offset Voltage 1 o kn between level TBD 
andAGND 

Level Pin Output Impedance ILEVEL = 0.2 mA 250 n 
Level pin Maximum 1.5 mA 
Output Current 

Hysteresis Voltage at DIN± 0.3V<HYS<1.0V 0.36 VN 
vs. HYS Pin Voltage 

HYS Pin Input Current 0.5 V < HYS < 1.5V 0.0 -10 µA 

Comparator Offset Voltage HYS pin at AGND 5.0 mv 
s 1.5 kn across DIN± 

DOUT Pin Output Low Voltage 5 kn from DOUT to GND VPA-2.8 v 

DOUT Pin Output High Voltage 5 kn from DOUT to GND VPA-2.4 v 
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ACTIVE DIFFERENTIATOR 

SSI 32P5491 
Pulse Detector 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+)- (CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 1 oon in series with 65 pF are tied from DIF+ to DIF-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 0.6 1.0 1.5 Vpp 

Differential Input Resistance (CIN+) - (CIN-) = 100 mVpp 12.5 15 17.5 k.Q 
@2.5MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVpp 5.0 pF 
@2.5MHz 

Common Mode Input Impedance Both sides 3 4 5 k.Q 

Voltage Gain From (DIF+ to DIF-) = 2 k.Q 1 VN 
CIN± to DIF± 

DIF+ to DIF- Pin Current Differentiator impedance ±0.7 mA 
must be set so as to not clip 
the signal for this current 
level 

Comparator Offset Voltage DIF+, DIF- are AC-coupled 0 5.0 mV 

COUT Pin Output Low Voltage 5 k.Q from COUT to GND VPA-2.8 v 
COUT Pin Output High Voltage 5 k.Q from COUT to GND VPA-2.4 v 
COUT Pin Output Pulse Width 30 ns 

Rm---~ 
I 

Rm---~ 

Lown----.-r-~ .9µs ,,___ ___ _ Lown ----1>-.-9µs~~, ------

Fast Discharge Switch ,_____, 
----~I .9µs I._ ___ _ 

I 
Gj;l 

~----~ ~I ----
Fast Discharge Switch 

____ I t 
I'--. I Ff2so/o 
I I I 
1,...--1 I ------.....-! I I 

1 

(DIN+ - DIN-) 

I 
I I 

-----1--....._I 
I Fast..,_! _sl-ow-.-. ---

Fast Slow Discharge Discharge 
Charge Charge 

Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 

FIGURE 7: AGC Timing Diagram 
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SSI 32P5491 
Pulse Detector 

QUALIFIER TIMING 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) -
(DIN-) are in-place as a coupled, 1.0 Vpp, 2.5 MHz sine wave. 1 oon in series with 65 pF are tied from DIF+ 
to DIF-. 0 .5V is applied to the HYS pin. COUT and DOUT each have a 5 k.Q pull-down resistor (fort est purposes 
only.) R/W pin is high. 

PARAMETER CONDITIONS 

Td1 

Td3 

Td4 

Td3-Td4 

Td5 

D Flip-Flop Set Up 
Time 

Propagation Delay 

Propagation Delay 

Pulse Pairing 

RD Output Pulse Width 

V(CIN+) - (CIN-) 
and 

V(DIN+) - (DIN·) 

Minimum allowable time 
delay from (DIN+) - (DIN-) 
exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 

From positive peak to RDO* 
output pulse 

From negative peak to RDO* 
output pulse 

RDWpinopen 

DIFFERENTIATOR 
COMPARATOR OUTPUT 

VcouT 

Td3 r-Td4 

l'IDOUTPUT 

MIN NOM 

0 

TBD 

TBD 

24 32 

FIGURE 8: Read MOde Dlgltal Section Timing Diagram 
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MAX UNIT 

ns 

ns 

ns 

1.0 ns 

41 ns 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

DIF- 24 CIN+ 

DIF+ 2 23 DIN+ 

HYS 3 22 CIN-

LEVEL 4 21 DIN-

AGC 5 20 OUT-

IN+ 6 19 OUT+ 

IN- 7 18 AGND 

ROm 8 17 BYP 

VPA 9 16 OOND 

COUT 10 15 OOUT 

RfiN 11 14 im 

1'"DWN 12 13 VPD 

24-Lead PDIP' SOL 

THERMAL CHARACTERISTICS: 9ja 

24-Lead PDIP 115°C/W 

24-Lead SOL so•c..w 

28-Lead PLCC 65°C/W 

Q 
z 

LEVEL 

AGC 

IN+ 

IN-

HOm 

VPA 

COUT 

12 

~ 

en + 
>- lL 

:r: Ci 

13 14 

Q i z 

u.. 
Ci 

SSI 32P5491 
Pulse Detector 

+ + z z z 
C3 Ci C3 

N/C 

24 DIN-

23 OUT-

22 OUT+ 

21 AGND 

20 BYP 

19 DGND 

15 16 17 18 

0 ~ Q I-
0.. ::::> 
> z 0 

0 

28-Lead PLCC 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Mylord Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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SSI 32P3000 
Pulse Detector with 

Programmable Filter 

1µ1411;.o;n11.me1 
December 1991 

DESCRIPTION FEATURES 

The SSI 32P3000 is a bipolar integrated circuit that 
provides all the data processing for detection and 
qualification of encoded read signals from a head 
preamplifier. This device can handle a NRZ data rate of 
48 MbiUs. 

The SSI 32P3000 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, and a pulse qualification circuit. The device 
features a complete differential circuit architecture in 
the signal path, for high immunity to noise and power 
supply ripples. 

For fast write-to-read recovery, the SSI 32P3000 al­
lows the user to controlthe low input state and AGC fast 
recovery mode independently. The AGC action can 
also be disabled for embedded servo decoding or other 
processing needs. 

Ideal for constant density recording applications, the 
SSI 32P3000 low pass filter has a programmable 9 - 27 
MHz bandwidth and 0 -13 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 

The SSI 32P3000 requires only a +5V power supply 
and is available in a 36-pin SOM package. 

BLOCK DIAGRAM 

llulfwo 

mllJl' FAST SERVO LEVEL 
REC 
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• 
• 
• 
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Compatible with 48 Mbit/s data rate operation 

Fast attack/decay modes for rapid AGC recovery 

Low Drift AGC hold, fast AGC recovery, and low 
AGC input impedance control signals 

Includes programmable pulse slimming equaliza­
tion and programmable channel filter and 
differentiator with no external filter components 

±0.5 ns filter group delay variation from 0.3 FC to 
FC=27MHz 

Independent positive and negative threshold 
qualification to suppress error propagation 

0.5 ns max pulse pairing 

+5V only operation 

36-pin SOM package 

AGND OOND VCA VCD 

lY R J- +SV 



SSI 32P3000 
Pulse Detector with 
Programmable Filter 

FUNCTIONAL DESCRIPTION 

The SSI 32P3000 Pulse Detector is designed to sup­
port a 48 Mbit/s NAZ data rate. The signal processing 
circuits include a wide band variable gain amplifier, a 
dual-rate AGC charge pump, a programmable elec­
tronic filter, and a pulse qualifier. 

AGC Amplifier 

The wide band AGC amplifier is to amplify the read 
signal from the read/write pre-amp to a signal level 
acceptable at the pulse qualifier. The AGC amplifier 
gain is an exponential function of the BYP voltage 
when referenced to VCA. 

Av=Ao exp[( V@BYP-Vr )] (seenote1) 

AGC Actions K 

The AGC loop is to maintain a constant DP/ON signal 
at the nominal level, -1 Vppd. The AGC actions are 
current charging and discharging the external BYP 
integrating capacitor. These AGC actions can be clas­
sified into the following categories: 

Automatic 

Slow Decay 

When the DP/ON signal is below the nominal 
level, a slow decay current, Id, charges the BYP 
capacitor. The AGC amplifier gain is increased 
slowly. This slow decay current tracks with the 
bandwidth of the filter. Id = 0.008 x IFI. At T = 
27°C, the maximum Id is 4.5 µA when the filter 
cutoff frequency is 27 MHz. 

Slow Attack 

When the DP/ON signal exceeds the nominal 
level but is below 125% of the nominal level a 
slow attack current, lch, discharges the BYP 
capacitor. The AGC amplifier gain is decreased. 
The slow attack current is 40 times that of the 
slow decay current. Thus, for a given BYP ca­
pacitor, the slow attack response time is quicker 
than the slow decay response. 

Note 1: In a closed AGC loop, the sensitivity of Ao, Vr 
and K to typical process variations is irrelevant. The 
typical values of Ao, Vr and K are provided for 
references only, and not tested in production. Ao= 11, 
Vr = 3.6 and K = 0.22 

Fast Attack 

When the DP/ON signal exceeds 125% of the 
nominal level, the device enters a fast attack 
mode. A fast attack current, lchf, discharges the 
BYP capacitor. The AGC amplifier gain is quickly 
lowered. The fast attack current is seven times 
that of the slow attack current. 

User Control 

FAST REC 
When FAST REC= 1, the SSI 32P3000 enters 
the fast recovery mode. Independent of the DP/ 
ON signal level, a fast recovery current, ldf, 
charges the BYP capacitor. This fast recovery 
current magnitude is 20 times that of the slow 
decay current. The AGC amplifier gain is quickly 
raised. Meanwhile, all the above automatic AGC 
actions remain active. 

HOLD 

When HOLD = 0, all the automatic AGC actions 
and the fast recovery action are suspended. The 
BYP capacitor voltage remains constant, except 
for leakage effects. 

Programmable Filter 

The SSI 32P3000 includes a programmable low pass 
filter following the AGC amplifier for (1) 2X voltage gain 
from filter input to filter outputs, (2) noise limiting, (3) 
pulse slimming, and (4) provision of a time differenti­
ated signal. The low pass filter is of a 7-pole 2-zero 
Bessel type. The filter's un-boosted -3 dB bandwidth, 
defined as the cutoff frequency, is programmable from 
9-27 MHz;the high frequency equalization is program­
mable from 0 - 13 dB at the cutoff frequency. 

The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac­
coupled to the data channel of the pulse qualifier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 
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The normalized 7-pole 2-zero Bessel filter transfer 
function is given as: 

SSI 32P3000 
Pulse Detector with 

Programmable Filter 

INPUT 
+2.94933 3.32507 11 __ _:4,....20..,5<=<34"----I I 1.68536 

s' + 2. 75939S + 3.32507 s' + 1.82081 s + 4.20534 s + 1.68536 s '+ 3.22597S + 2.94933 

-KS' 

s' + 3.225975 + 2.94933 

The cutoff frequency, /c, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current, IFO = 0.75 I 
Rx, a!T = 27°C. IFI should be made proportional to IFO 
for /c temperature stability. The cutoff frequency is 
related to the RX resistor, IFO and IFI currents at the 
following: IFI 1 25 

fc(MHz)=27·-·-· -
IFO RX(kn) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re­
duces to: 

fc(MHz)=27•~ 
RX(k.Q) 

For programmable cutoff frequency, an external cur­
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to IFO. The DACF inthe 
SSI 3204661 Time Base Generator is designed to 
control f c of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current gain from its 
reference to full scale output, is used, 5 kn RX is used. 
The f c is then given by: 

fc(MHz)= 27• F Code 
127 

where F _Code is a decimal code equivalent to the 7-bit 
input into the DACF. 

The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, 2.2 V typically. The voltage at the 
VBP pin determines the amount of high frequency 
boost at the cutoff frequency. The boost function is as 
the following: 

VBP 
Boost(dB)=201og10[ (3.47• VRG)+1] 

For a fixed boost setting, a resistor divider between 
VRG and ground can be used with the divided voltage 
at the VBP pin. For programmable equalization, an 
external voltage DAC can be used. VRG should be the 

__ s_ 
s + 1.68536 

reference voltage to the DAC. The DAC output voltage 
is then proportional to VRG. The DACS in the SSI 
3204661 is designed to control the magnitude equal­
ization of Silicon Systems' programmable filters. When 
DACS is used, the boost relation then reduces to: 

Boost(dB)=201og10 [ (3.47 •S Code)+1] 
127 

Pulse Qualification 

The SSI 32P3000 validates each DP/DN peak by 
combination of level qualification and time qualifica­
tion. In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 

Level Qualification 

The dual-comparator architecture allows independent 
detection for positive and negative peaks. One com­
parator detects a positive peak by comparing the data 
signal with a positive threshold. The other comparator 
detects a negative peak by comparing the data signal 
with a negative threshold. Each comparator has a 
small hysteresis, 20% of the set threshold, to avoid 
false triggering by noise around the set threshold. 

The SSI 32P3000 allows two ways of setting the 
thresholds: fixed threshold or DP/DN tracking thresh­
old. Fixed threshold can be simply set by a DC voltage 
atthe VTH pin, such as from a resistordividerfrom VCA 
to VRC (see note 2). The threshold at each comparator 
can be computed as: Hysteresis Gain• (VTH - VRC). 
The thresholds at the two comparators are of the same 
magnitude, but of opposite polarity. For high perfor­
mance system application, however, fixed threshold is 
not recommended. 

Note 2: VCA is the +5V supply. VRC is the bandgap 
voltage referenced from VCA, i.e., VRC = VCA - VRG. 
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DP/DN tracking threshold has the advantages of 
shorter write-to-read recovery time and lower probabil­
ity of error with input amplitude drop out. The threshold 
is designed as a percentage of the DP/DN peak volt­
age. This technique can be implemented by feeding 
the LEVEL output, through a resistor divider network, 
to the VTH pin. The LEVEL output, amplified peak 
capture of DP/ON signal, can be computed as: Level 
Gain • DP/ON ppd + VRC. With the resistor divider, a 
fraction of the LEVEL output is presented at the VTH 
pin. The threshold, as a function of DP/ON, can be 
summarized as Level Gain • Resistor Dividing Ratio • 
Hysteresis Gain • DP/DN ppd. For a typical case of 1 
Vppd DIN signal, assume equal value resistors in the 
divider network, the threshold is 0. 75 • 0.5 • 0.445 • 1.0 
= O .17 V. This represents 34% threshold on a 1 Vppd 
signal. While both the Level Gain and Hysteresis Gain 
bear a moderate tolerance due to typical process 
variation, they inversely track each other to yield a 
much tighter threshold accuracy in a closed loop. 

While the external resistor divider ratio determines the 
qualification setting, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DP/ON peak, but 
large enough to provide a constant threshold after a 
long duration of input absence. 

PIN DESCRIPTION 

INPUT PINS 

NAME TYPE DESCRIPTION 

The Pulse Qualifier output is the pseudo-ECL differen­
tial output, RD and RD. Corresponding to each vali­
dated peak of the DP/DN signal, a one-shot pulse 
occurs at the RD/RD output. The pulse width of the 
one-shot pulse is determined by an external resistor 
from the OST pin to ground. 

Pulse Width(sec)=0.174•(Rosr-340)•(22pF+ C8 ) 

Rosr = 3kn to 10kn,C5 =stray capacitance 

DO and DO form the differential output as test points to 
examine the output of the two comparators. Each is an 
open-emitter output requiring an 5 kn external resistor 
pull-down to ground. 

VIA+, VIA- I AGC Amplifier input pins. 

IN+, IN- I Equalizer/filter input pins. 

DP,DN I Data inputs to data comparators and fullwave rectifier. 

CP,CN I Differentiated data inputs to the clock comparator. 
VTH I Threshold level setting input for the data comparators. 

FAST REC I TTL compatible input when high puts the charge pump in the fast decay 
mode. 

LOWZ I TTL compatible input when high reduces the AGC amplifier input resistance. 
HOLD I TTL compatible input when low disables the AGC action by turning off the 

charge pump. 
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PIN DESCRIPTION (continued) 

OUTPUT PINS 

NAME TYPE DESCRIPTION 

VOA+, VOA- 0 AGC amplifier output pins. 
·--I 

ON+, ON- 0 Equalizer/filter normal output pins. 

OD+, OD- 0 Equalizer/filter differentiated output pins. 

DO+, DO- 0 ECL compatible data comparator latch output pins. 

RD+, RD- 0 ECL compatible read data output pins. 

LEVEL 0 Open NPN emitter output that provides a fullwave rectified signalforthe VTH 
input. The signal is referenced to VRC. 

SERVO 0 Open NPN emitter output that provides a fullwave rectified servo signal. The 
signal is referenced to VRC. 

ANALOG PINS 

OST - Pin for RT network to set RD output pulse width. An internal 22 pF capacitor 
has been included. 

VRC - Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 

VRG - Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 

VBP - The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is imple-
mented by using a DAC that uses VRG as its reference. A fixed amount of 
boost can be set by an external resistor divide network connected from VBP 
to VRG and GND. 

RX - Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 

IFO - Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program-
mable input current for the IFI pin. 

IFI - Programmable filter input current pin. The filter cutoff frequency is propor-
tional to the current into this pin. The current must be proportional to the 
reference current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFI and selecting Rx to set the desired frequency. 

AGC - Optional reference voltage input for the AGC. The reference voltage is 
normally set by an internal resistor divider for VCC to VRC. (Not avail-
able in 36 pin SO package). 

BYP - The AGC integrating capacitor CA is connected between BYP and VCA. 

VCA,VCD - Analog and Digital +5V. 

AGND1, DGND - Analog and Digital grounds. 
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ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.5<VCC<5.5, 0°C<Ta<70°C 

ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 

PARAMETER VALUE 

Storage Temperature -65 to + 150°C 

Junction Operating Temperature,Tj +130°C 

Supply Voltage, VCA, VCD -0.3 to 7V 

Voltage Applied to Inputs -0.3 to VCA, VCD + 0.3V 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATING UNIT 

Supply Voltage VCA = VCD = VCC 4.5 < vcc < 5.5 v 
Ambient Temperature, Ta 0<Ta<70 oc 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX 

ISS Supply Current 82 

PD Power Dissipation 410 TBD 

LOGIC SIGNALS 

VIL TTL Input Low Voltage -0.3 0.8 

VIH TTL Input High Voltage 2.0 VCC+0.3 

Ill TTL Input Low Current VIL= 0.4V -0.4 

llH TTL Input High Current VIH = 2.7V 0.1 

VOHE EECL Output High Voltage VCC =5V ~cc -1.02 

VES ECL Differential Output VCC =5V 0.6 
Swing IVRD - VRDI 

TRF ECL Output Rise and Fall CL= 10 pF 3.5 
Time 

TCS Control Input Switching 0.1 
Times 
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mA 

mW 

v 
v 

mA 

mA 

v 
v 

ns 

µs 
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AGC AMPLIFIER 

SSI 32P3000 
Pulse Detector with 

Programmable Filter 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and ON. Ca 1000 pF. Fin= 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIA Input Range Filter boost at Fe = O dB 24 240 mVppd 

Filter boost at Fe = 11 dB 20 100 mVppd 

VD DP-ON voltage VIA± = 0.1 Vppd 1.05 Vppd 

VDV DP-DN Voltage Variation 24 mV < VIA± < 240 mV 8.0 % 

AV Gain Range 1.9 22 VN 

AVPV Gain Sensitivity 38 dB/V 

DR VOA± THO= 1% max .75 Vpp 
Dynamic Range 

AINDA Differential Input LOWZ=low 3.7 7.4 kQ 
Impedance 

AINSA Single Ended Input LOWZ=low 1.4 kQ 
Impedance 

LOWZ =high 175 Q 

VOS Output Offset Voltage from min gain to max gain -200 +200 mV 
Variation 

VIN Input Referred Noise gain = max, Rs = on 20 nv-JHZ 
Voltage filter not connected to 

VOA+, VOA-

BW Bandwidth NoAGC action 55 MHz 

CMRR Common Mode Rejection gain = max, f = 5 MHz 40 dB 
Ratio 

PSRR Power Supply Rejection gain = max, f = 5 MHz 45 dB 
Ratio 

GOT Gain Decay Time VIA+ VIA- = 240 mV to 120 mV 32 µs 
VOA+ VOA- <0.9 Final Value 

GAT Gain Attack Time VIA+ VIA- = 120 mV to 240 m~ 2 µs 
VOA+ VOA- <1.1 Final Value 
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ELECTRICAL CHARACTERISTICS (continued) 

Unless otherwise specified, 4.5<VCC<5.5, 0°C<Ta<70°C 

AGCCONTROL 
The input signals are AC coupled to DP and ON. Ca = 1000 pF, LEVEL and SERVO load = 100 µA. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VOi DP-DN Signal Input 1.4 Vpp 
Range 

ID Discharge Current, Id FAST REC= low 0.008 x mA 
DP- ON= 0 IFI 

IDF Fast Discharge FAST REC= high 20x Id mA 
Current, ldf 

ICH Charge Pump Attack DP - DN = 0.55V 40x Id mA 
Current, lch 

ICHF Charge Pump Fast Attack DP-ON = 0.675V 7x lch mA 
Current, lchf 

IK BYP Pin Leakage Current HOLD = low, VBYP = 3.5V -0.1 0.1 µA 

VRG Reference Voltage I source = 0 to 1 mA 2.2 2.45 v 
VRC Reference Voltage VCC-VRG v 
IVRC VRC Output Drive -0.75 0.75 mA 

EQUALIZER/FIL TEA The input signals are AC coupled to IN+ and IN-. 

FC Filter Cutoff Frequency RX=5kn 9 27 MHz 
fc = 27 x IFl/(4 x IFO) MHz 
4 ~ IFl/IFO ~ 4/3 

IFO IFO Reference Current IFO = 0.75/RX; Tj = 27°C 0.15 0.6 mA 
Range 5kn >RX> 1.25 kn 

IFI IFI Program Current Tj = 27°C, 27 MHz > fc > 0.2 0.6 mA 
Range 9 MHz 

FCA FCA Filter FC Accuracy fc nominal = 27 MHz -10 10 % 

RX RX Range 1.25 5 kn 

AO Normal Low Pass Gain Fin= 0.67fc 1.4 . 2.2 VN 
AO= (ON±) I (IN±) 

AD Differentiated Low Pass Fin= 0.67fc 0.8AO 1.2AO VN 
Gain 
AD= (ON±) I (IN±) 

FB Frequency Boost at f c FB = 20109 (3.47 (VBPNR) + 1] 0 13 dB 

FBA Frequency Boost FB nominal = 13 dB -1.5 +1.5 dB 
Accuracy 

TGD1 Group Delay Variation fc = 27 MHz, FB = 0 to 9 dB -0.5 +0.5 ns 
fc > Fin > 0.3fc 
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EQUALIZER/FILTER (continued) 

The input signals are AC coupled to IN+ and IN-. 

PARAMETER CONDITIONS 

TGD2 Jc = 9 to 27 MHz 
Jc> Fin> 0.3 Jc 

VOSF Output Offset Voltage 

ORF VOF Filter Output THO= 1.S% max 
Dynamic Range Fin= 0.67 Jc 

RINF Filter Input Resistance 

CINF Filter Input Capacitance 

ROF Filter Output Resistance 10=1 mA 

VNN Eout Output Noise BW = 100 MHz, RS= son 
Voltage; ON+, ON- VBP = 0, Jc = 27 MHz 

BW = 100 MHz, RS= son 
VBP = VRG, Jc= 27 MHz 

VND Eout Output Noise BW = 100 MHz, RS= son 
Voltage; OD+, OD- VBP = 0, Jc= 27 MHz 

BW = 100 MHz, RS= son 
VBP = VRG, Jc= 27 MHz 

DATA COMPARATOR 

The input signals are AC coupled to DP and DN. 

VID DP-DN Signal Range 
t------

RIND Differential Input 
Resistance 

CIND Differential Input 
Capacitance 

VOSD Comparator Offset 
Voltage (Note 1) 

LG Level (Servo) Output DP-ON = .S to 1 Vpp 
Gain 

LBW Level (Servo) Output 1 dB 
Bandwidth 

VLOS Level Offset Voltage Output-VRC, IL= SO µA 

vsos Servo Offset Voltage Output - VRC, IL= 100 µA 

GHYS Threshold Voltage 0.3 < VTH-VRC < 0.9 
Gain, Kth 

VSH Threshold Voltage 
Hysteresis 
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MIN NOM MAX UNIT 

-2.S +2.S O/o 

200 mv 

1.2 Vpp 

3.0 kn 
7 pF 

60 n 
2.7 mVRms 

S.7 mVRms 

S.7 mVRms 

13.0 mVRms 

1.S Vpp 

8 14 kQ 

s pF 

4 mV 

.712 .788 VNpp 

20 MHz 

±30 mV 

±30 mV 

.41 0.44S .48 VIV 

.20 x VIV 
GHYS x 

(VTH 
-VRC) 
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DATA COMPARATOR (continued) 

The input signals are AC coupled to DP and DN. 

PARAMETER CONDITIONS 

VHM Minimum Threshold VTH-VRC ~ 0.11V 
Voltage 

TPDD Propagation Delay From DP/DN to DO, DO 

IVTH Input Bias Current 

CLOCKING 

The input signals are AC coupled to CP and CN. 

vc CP-CN Signal Range 

vase Comparator Offset 
Voltage 

RINC Differential Input 
Resistance 

CINC Differential Input 
Capacitance 

TDS D F/F Set Up Time DP-DN threshold to 
CP-CN zero cross 

pp Pulse Pairing Vs= 1Vpp, F = 18 MHz 

TPDC Propagation Delay to RD Vs = 20 mVpp sq wave 

PWRD RD Output Pulse Width Tpd =.174 (Rt-340)(22pf +Cs) 
Rt = 3K to 1 OK, Cs = stray 

RT Resistor Range 

2-112 

MIN NOM MAX UNIT 

.05 v 

6 ns 

2 µA 

1.5 Vpp 

4 mV 

8 14 kn 

5 pF 

0 ns 

0.5 ns 

9 ns 

.82x 1.18x ns 
Tpd Tpd 

3 10 kn 
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PIN DIAGRAM 
(Top View) 

VRG 
VOA-

VOA+ 

IN+ 

IN-

VBP 

IFO 

RX 

IFI 

GND 

ON+ 

ON-

OD-

OD+ 

DN 

DP 

CN 

CP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSl32P3000 
36-Pin Small Outline (31.6 mil. pitch) 

36 

2 35 

3 34 

4 33 

5 32 

6 31 

7 30 

8 29 

9 28 

VIA+ 

VIA-

BYP 
VRC 

VTH 

LEVEL 

SERVO 

LOWZ 

HOLD 

SSI 32P3000 
Pulse Detector with 

Programmable Filter 

10 27 FAST REC 

11 26 GND 

12 25 OST 

13 24 VCD 

14 23 RD-

15 22 RD+ 

16 21 DO-

17 20 DO+ 

18 19 vcc 

32P3000-CM 
36-Pin SOM 

ORDER NO. PKG.MARK 

32P3000-CM 32P3000-CM 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1291 - rev. 2-113 ©1990 Silicon Systems, Inc. 
Patents Pending (331, 613) (500, 778) (497, 863) 
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DESCRIPTION 

The SSI 32P3010 is a bipolar integrated circuit that 
provides all the data processing for pulse detection and 
four-burst servo capture from encoded read signals. 
This device can handle a NRZ data rate of 48 MbiUs. 

The SSI 32P301 O includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, a pulse qualification circuit, and a 4-burst servo 
capture circuit. Automatic AGC control maintains a 
constant signal level into the pulse qualifier, and 
achieves fast write-to-read recovery. A time 
differentiator is included in the servo signal path, if so 
needed. 

Ideal for constant density recording applications, the 
SSI 32P3010 low pass filter has a programmable 9-27 
MHz bandwidth and 0-13 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 

The SSI 32P3010 requires only a +5V power supply 
and is available in a 44-pin SOM package. 

55132P3010 
Pulse Detector with 

Programmable Filter 

t!!l'"ilm'·'l'·k'''·'h 
December 1991 

FEATURES 
• 
• 
• 

• 

• 

• 

• 
• 
• 
• 

Compatible with 48 MbiUs data rate operation 

Fast attack/decay modes for rapid AGC recovery 

Automatic AGC actions: Low Drift AGC hold, fast 
AGC recovery, and low AGC input impedance 
control signals 

Includes programmable pulse slimming equaliza­
tion and programmable channel filter and 
differentiator with no external filter components 

±0.5 ns filter group delay variation from 0.3FC to 
FC = 27 MHz 

Independent positive and negative threshold 
qualification to suppress error propagation 

0.5 ns max pulse pairing 

Servo differentiator and 4-burst servo capture 

+5V only operation 

44-pin SOM package 

BLOCK DIAGRAM 

VIA.. 

VlA· 

RX I f-'--+------' ·~--~ 
VBP I r---t-~----' 

IFO I f-'--+------' 

RG· 

WG· 
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FUNCTIONAL DESCRIPTION 

The SSI 32P301 o Pulse Detector/Filter with 4-Burst 
Servo Capture is designed to support a 48 Mbit/s NRZ 
data rate. The signal processing circuits include a wide 
band variable gain amplifier, a sophisticated dual-rate 
AGC charge pump, a programmable electronic filter, a 
pulse qualifier, a servo differentiator and a 4-burst 
servo capture circuit. 

Modes of Operation 

The SSI 32P3010 can operate in one of three modes 
as controlled by RG and WG. 

Normal Read Mode RG = o, WG = 1 

In the normal Read Mode, the AGC actions are 
active. The AGC amplifier processes the input 
signal pulses; one-shot pulses are generated 
at the RD and RD outputs for each qualified 
signal peak. The RDO output buffer, which is 
a TTL buffer of the RD/RD, is disabled and its 
output is pulled up high to reduce jitter and 
noise. 

Servo Read Mode RG = 1, WG = 1 

In the servo Read Mode, the AGC actions 
remain active (See note 1 ). The servo signal is 
amplified, fullwave rectified, differentiated and 
gated to the proper peak capture capacitor. 
The pulse qualifier remains active,r and the 
RDO output is active to aid in servo decode. 

Write Mode RG = X, WG = 0 

In the Write Mode, the AGC actions are sus­
pended. The AGC amplifier input impedance 
is clamped low to facilitate fast recovery. The 
RDO output is disabled and pulled up high to 
reduce jitter and noise. 

AGC Ampllfler 

The wide band AGC amplifier amplifies the read signal 
from the read/write pre-amp to a signal level accept­
able at the pulse qualifier. The AGC amplifier gain is an 
exponential function of the BYP voltage when refer­
enced to VR. 

Av=Ao exp[(Vsyp-VR)l (See note 2) 
K 

AGCActlons 

The AGC loop maintains a constant DP/ON signal level 
at a nominal level, ~1Vppd. The AGC actions are 
current charging and discharging to/from the external 
BYP integrating capacitor, and are classified into the 
following modes: 
Normal Read and Servo Read Mode 
(RG = x, WG: 1) 

Slow Decay: When the DP/ON signal is below 1 Vppd, 
a slow decay current, Id, charges the BYP capacitor. 
The AGC amplifier gain is increased slowly. This slow 
decay current tracks with the bandwidth of the filter. Id 
= 0.008 x IFI. At T = 27°C, the maximum Id is 4.5 µA 
when the filter cutoff frequency is 27 MHz. 

Slow Attack: When the DP/ON signal exceeds 1 Vppd, 
but is below 1.25 Vppd, a slow attack current, lch, 
discharges the BYP capacitor. The AGC amplifier gain 
is decreased. The slow attack current is 20 times that 
of the slow decay current. Thus, for a given BYP 
capacitor, the slow attack response time is quicker than 
the slow decay response. 

Fast Attack: When the DP/ON signal exceeds 1.25 
Vppd, the device enters a fast attack mode. A fast 
attack current, lchf, discharges the BYP capacitor. The 
AGC amplifier gain is quickly lowered. The fast attack 
current is seven times that of the slow attack current. 

In servo Read Mode, constant AGC amplifier gain is 
generally desirable. Without an external AGC hold 
control, the servo data amplitude should be made 
lower than that of the data signal prior to the servo read 
mode. The SSI 32P301 O then enters the slow decay 
mode, which has a very slow effect on the AGC 
amplifier gain. 

Write Mode (RG = X, WG = 0) 

In the write mode, the AGC charge pump is disabled. 
This holds the AGC amplifier gain at its previous value. 

Notes: 

1. The servo signal should have a lower amplitude than 
the data signal prior to the servo read mode. Servo 
read should be completed before and significant 
change in AGC amplifier gain is resulted from the slow 
decay AGC mode. 

2. In a closed AGC loop, the sensitivity of Ao and K to 
typical process variations is irrelevant. The typical 
values of Ao and K are provided for reference only, and 
not tested in production. Ao = 11, K = 0.22, VR = 3.6. 
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Write-to-Read Transition 
(AG= x, WG = o-to-1) 

When the SSI 32P301 O switches from the write to read 
mode, i.e., WG 0-to-1 transition, the device remains in 
the low input impedance state for a preset time period. 
For the next time period, the device then enters either 
the fast decay or attack mode depending on the signal 
level at the OP/ON pins. The time period, t, is deter­
mined by an external resistor, RT, from the LZ/FO pin 
to ground. 

't(µs)= RT(kn) 
42 

For example, with RT= 38 kn, each time period is 0.9 
µs. 

Programmable Fiiter 

The SSI 32P3010 includes a programmable low pass 
filter following the AGC amplifier for (1) 2X voltage gain 
from the AGC amplifier output to the pulse qualifier 
input, (2) noise limiting, (3) pulse slimming, and (4) 
provision of a time differentiated signal. The low pass 
filter is of a 7-pole 2-zero Bessel type. The filter's un­
boosted -3 dB bandwidth, defined as the cutoff fre­
quency, is programmable from 9-27 MHz; the high 
frequency equalization is programmable from 0-13 dB 
at the cutoff frequency. 

The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac­
coupled to the data channel of the pulse qualifier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 

The normalized 7-pole 2-zero Bessel filter transfer 
function is given in Figure 1. 

The cutoff frequency, fc, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 

IFO= 0.75 atT=27°C 
Rx ' 

SSI 32P3010 
Pulse Detector with 

Programmable Filter 

IFI should be made proportional to IFO for /c tempera­
ture stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as the following: 

fc(MHz)=27·~-~ 
IFO Rx(kn) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re-
duces to: 1 25 

fc(MHz)=27·-· -
Rx(kn) 

For programmable cutoff frequency, an external cur­
rent OAC can be used. IFO should be the reference 
current into the OAC. The OAC output current drives 
IFI, which is then proportional to the IFO. The OACF in 
the SSI 3204661 Time Base Generator is designed to 
control f c of the Silicon Systems programmable filters. 
When the OACF, which has a 4X current gain from its 
reference to fullscale output, is used, 5 kn RX is used. 
The fc is then given by: 

fc(MHz) = 27•F Code 
127 

where F _Code is the decimal code equivalent to the 7-
bit input into the OACF. 

The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, 2.2V typically. The voltage at the 
VBP pin determines the amount of high frequency 
boost at the cutoff frequency. The boost function is as 
follows: 

Boost(dB)=201og10 [( 3·4:~~BP )+1) 

For a fixed boost setting, a resistor divider between 
VRG to ground can be used with the divided voltage at 
the VBP pin. For programmable equalization, an exter­
nal voltage OAC can be used. VRG should be the 
reference voltage to the OAC. The OAC output voltage 
is then proportional to the VRG. The OAC in the SSI 
3204661 is designed to control the magnitude equal­
ization of Silicon Systems programmable filters. 

+2.94933 3.32507 4.20534 1.68536 
S+ 1.68536 INPUT 5'+ 3.225975 + 2.94933 

-KS' 

5' + 3.225975 + 2.94933 

S'+ 2.75939S+ 3.32507 S'+ 1.820815 + 4.20534 

Transfer function normalized for W a 21dc = 1 
AH and Ao are adjusted for gain of 2 at f = 0.671c. 
Frequency scaling 5 • S121dc 

FIGURE 1: Bessel Fiiter Transfer Function 
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When DACs are used, the boost relation then reduces 
to: 

Boost(dB) =20 log10 [ (3.47 • 8 Code)+ 1) 
127 

Pulse Qualification 

The SSI 32P3010 validates each DP/DN peak by a 
combination of level qualification and time qualifica­
tion. In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 

Level Qualification 

The dual-comparator architecture allows inde­
pendent detection for positive and negative 
peaks. One comparator detects a positive 
peak by comparing the data signal with a 
positive threshold. The other comparator de­
tects a negative peak by comparing the data 
signal with a negative threshold. Each com­
parator has a small hysteresis, 20% of the set 
threshold, to help qualify signals which just 
clear the set threshold. 

The SSI 32P301 O comparator thresholds are 
set by a DC voltage at the VTH pin, such as 
from a resistor divider from VCA to VRC (see 
note 3). The threshold at each comparator can 
be computed as: Hysteresis Gain x (VTH -
VRC). The thresholds at the two comparators 
are of the same magnitude, but of opposite 
polarity. 

The SSI 32P3010 has three sets of pulse detector 
outputs: RD/RD, RDO, and DO/DO. RD/RD output is 
the pseudo-ECL differential output. Corresponding to 
each validated peak of the DP/DN signal, a one-shot 

PIN DESCRIPTION 

INPUT PINS 

NAME TYPE DESCRIPTION 

pulse occurs at the RD/RD output. The pulse width of 
the one-shot pulse is determined by an internal timing 
circuit, and specified in the electrical specification. 

RDO is the TTL output of the pulse detector, logically 
equivalentto RD/RD. Again, a one-shot pulse occurs at 
the ADO output for each validated peak of the DP/DN 
signal. The pulse width of this one-shot pulse is also 
specified in the electrical specification. DO/DO outputs 
are differential test points used to monitor the outputs 
of the internal comparators. Each is an open-emitter 
output requiring a 5 kn external resistor pull-down to 
ground. 

Four-Burst Servo Differentiator and Capture 

The SSI 32P3010 supports advanced embedded 4-
burst servo technique. The signal at the DP/DN input 
can be time differentiated, fullwave rectified, and gated 
onto the selected peak capture output. A peak capture 
output is selected by pulling its corresponding GT x to 
logic 'O.' 

The transfer function from the DP/DN to the servo 
fullwave rectifier input is: 

2380Cs 
Av 

LCs2 +(R+48.1)Cs+1 
where: R, L, and Care external passive components 
across SDIF± 

15 pF < C < 125 pF 
S=jW 

When the time differentiation function is not desired, a 
2 kn resistor should be used across the SDIF± pins. 

The transfer function from the servo fullwave rectifier 
input to the peak capture output is set so that a 1 Vppd 
DP/DN signal produces 0.95 Vpeak output. With no 
signal input, the outputs are set close to ground, with a 
finite offset common to all four channels. 

Note 3: VCA is the +5V supply. VRC is the bandgap 
voltage referenced from VCA, i.e., VRC = VCA - VRG. 

VIA+, VIA- I AGC Amplifier input pins. 

IN+, IN- I Equalizer/filter input pins. 

DP,DN I Data inputs to data comparators and fullwave rectifier. 

CP,CN I Differentiated data inputs to the clock comparator. 

VTH I Threshold level setting input for the data comparators. 

WG I TTL compatible input. When low the device is in Write Mode. 
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INPUT PINS (continued) 

NAME TYPE 

RG I 

WG I 

GTA, GTB, I 
GTC,GTD 

OUTPUT PINS 

VOA+, VOA- 0 

ON+, ON- 0 

OD+, OD- 0 

DO, DO 0 
RD, RD 0 
RDO 0 
SDIF+, SDIF- -
PKA,PKB 0 
PKC,PKD 

ANALOG PINS 

VRC -
VRG -

VBP -

RX -

IFO -

IFI -

LZ/FD -

BYP -
VCA, VCD -
AGND1, DGND -

1291 
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TTL compatible input. When low, the device is In normal Read Mode. 

TTL compatible input. When low, the device is in Write Mode. When both RG 
and WG are low, the device is in Servo Mode. 

TTL compatible input. When low the corresponding servo gate channel 
is enabled. 

AGC amplifier output pins. 

Equalizer/filter normal output pins. 

Equalizer/filter differentiated output pins. 

ECL compatible data comparator latch output pins. 

ECL compatible read data output pins. 

TTL compatible read data output. 

Pins for external differentiating networ1< for servo data. 

Open npn emitter outputs that provide a fullwave rectified signal from the 
servo differentiator. These outputs are referenced to AGND. These outputs 
are high impedance when not enabled by GTX 

Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 

Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 

The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is 
implemented by using a DAC that uses VRG as its reference. A fixed amount 
of boost can be set by an external resistor divide network connected from 
VBP to VRG and GND. 

Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 

Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program-
mable input current for the IFI pin. 

Programmable filter input current pin. The filter cutoff frequency is propor-
tional to the current into this pin. The current must be proportional to the 
reference current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFI and selecting Rx to set the desired frequency. 

Pin for external resistor to set timing for both Low-Z input and fast decay 
modes. 

The AGC integrating capacitor CA is connected between BYP and VCA. 

Analog and Digital +5 volts. 

Analog and Digital grounds. 
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ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.5 to 5.5, 0°C<Ta<70°C 

ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 

PARAMETER VALUE UNIT 

Storage Temperature -65 to +150 oc 
Junction Operating Temperature,Tj +130 oc 
Supply Voltage, VCA, VCD -0.7to 7 v 
Voltage Applied to Inputs -0.7to VCA, VCD v 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATING UNIT 
Supply Voltage VCA = VCD = VCC 4.5 < vcc < 5.5 v 
Ambient Temperature, Ta O<Ta<70 oc 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX 
PD Power Dissipation Outputs unloaded 490 540 

4.5V < VCA, VCD < 5.5V 

LOGIC SIGNALS 

VIL TTL Input Low Voltage -0.3 0.8 
VIH TTL Input High Voltage 2.0 VCC+0.3 
Ill TTL Input Low Current VIL=0.4V -0.4 
llH TTL Input High Current VIH = 2.7V 0.1 
VOL ECL Output High Voltage VCC =5V vcc 

-1.02 
VOE ECL Differential Output VCC=5V 0.6 

Swing 
TRF EC1 Output Rise and CL= 10 pF 3.5 

Fall Time 
TS Control Input Switching 0.1 

Times 
VOLT TTL Output Low Voltage 10L=4mA 0.5 
VOHT TTL Output High Voltage IOH = -400 mA 2.7 
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UNIT 

mW 

v 
v 

mA 

mA 

v 

Vpp 

ns 

µs 

v 
v 
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AGC AMPLIFIER 

SSI 32P3010 
Pulse Detector with 

Programmable Filter 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and ON. Ca 1000 pf. Fin= 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIB Input Range Filter boost at f c = 0 dB 24 240 mVppd 

Filter boost at /c = 11 dB 20 100 mVppd 

VD DP-ON Voltage VIAppd = 0.1 Vppd 0.90 1.10 Vppd 

VDV DP-ON Voltage Variation 24 mv < VIAppd < 240 mV 8.0 % 

AV Gain Range 1.9 22 VN 

AVPV Gain Sensitivity 28 dB/V 
w.r.t. BYP Volt~e 

DR VOA+ VOA- THO= 1% max .75 Vppd 
Dynamic Range 

RINDA Differential Input WG=1 4.7 8.4 k.Q 
Impedance 

WG=O 1 

RINSA Single Ended Input WG=1 3 k.Q 
Impedance 

WG=O 0.5 k.Q 

VOS Differential Output Offset from min. gain to max. gain -200 +200 mV 
Variation 

VIN Input Referred Noise gain = max, Rs = 00 15 nv../Hz 
Voltage filter not connected to 

VOA+ and VOA-

BW Bandwidth No AGC action, Gain = 22 55 MHz 

CMRR Common Mode Rejection gain= 22, f = 5 MHz 40 dB 
Ratio 

PSRR Power Supply Rejection gain= 22, f = 5 MHz 45 dB 
Ratio 

TGD Gain Decay Time VIAppd = 240 mV to 120 mV TBD µs 
VOAppd < 0.9 Final Value 

TGA Gain Attack Time VIAppd = 120 mV to 240 mV TBD µs 
VOAppd < 1.1 Final Value 
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ELECTRICAL SPECIFICATIONS (continued) 

Unless otherwise specified, 4.65<VCC<5.25, 0°C<Ta<70°C 

AGCCONTROL 
The input signals are AC coupled to DP and DN. Ca= 1000 pF. 

PARAMETER CONDITIONS 

VDI DP-DN Signal Input 
Range 

ID Discharge Current WG = 1, DP - DN = OV 

IDF Fast Discharge Current 

ICH Charge Pump Attack WG = 1, DP - ON = 0.55V 
Current 

ICHF Charge Pump Fast Attack WG = 1, DP - DN = 0.675V 
Current, lchf 

IK BYP Pin Leakage Current WG=O 

VRC VRC Reference Voltage 

IVRC VRC Output Drive 

VRG VRG Reference Voltage 

IVRG VRG Source Current 

TLZ Low-Zand Fast Decay T = RT/42 
Timing Accuracy 

EQUALIZER/FIL TEA 
The input signals are AC coupled to IN+ and IN-. 

f c Filter Cutoff Frequency RX=5kil 
fc = 27 x IFl/(4 x IFO) MHz 
4 ;e: IFO/IFI ;e: 4/3 

IFO IFO Reference Current IFO = 0.75/RX; Tj = 27°C 
5kn >RX> 1.25 kn 

IFI IFI Program Current Tj = 27°C, 27 MHz > f c > 
Range 9MHz 

FCA FCA Filter FC Accuracy fc = 27 MHz 

RX RX Range 

AO Normal Low Pass Gain Fin= 0.67/c 
AO= (ON±) I (IN±) 

AD Differentiated Low Pass Fin= 0.67/c 
Gain 
AD = (ON±) I (IN±) 

FB Frequency Boost at fc FB = 20109 (3.47 (VBPNR) + 1) 

FBA Frequency Boost FB = 13 dB 
Accuracy 

2-122 

MIN NOM MAX UNIT 

1.5 Vpp 

0.008 x A 
IFI 

20 x Id A 

40x Id A 

7 x lch A 

-0.1 +0.1 µA 

VCA v 
-VRG 

-0.75 +0.75 mA 

2.2 2.45 v 
1 mA 

-30 +30 % 

9 27 MHz 

0.15 0.6 mA 

0.2 0.6 mA 

-10 10 % 

1.25 5 kn 

1.6 2.4 VN 

0.BAO 1.2AO VN 

0 13 dB 

-1 +1 dB 

1291 



EQUALIZER/FILTER (continued) 

The input signals are AC coupled to IN+ and IN-. 

PARAMETER CONDITIONS 

TGD1 Group Delay Variation Jc= 27 MHz, FB = 0 to 9 dB 
Jc > Fin > 0.3 Jc 

TGD2 Jc = 9 to 27 MHz 
Jc > Fin > 0.3 Jc 

VOSF Output Offset Voltage 

ORF VOF Filter Output THO= 1.5% max 
Dynamic Range Fin= 0.67 Jc 

RINF Filter Input Resistance 

CINF Filter Input Capacitance 

ROF Filter Output Resistance 10=0.5 mA 

VNN Eout Output Noise BW = 100 MHz, RS= 500 
Voltage; ON+, ON- VBP = 0, Jc = 27 MHz 

BW = 100 MHz, RS-500 
VBP = VRG, Jc= 27 MHz 

VND Eout Output Noise BW = 100 MHz, RS= 500 
Voltage; OD+, OD- VBP = 0, Jc = 27 MHz 

BW = 100 MHz, RS= 500 
VBP = VRG, Jc = 27 MHz 

DATA COMPARATOR 

The input signals are AC coupled to DP and ON. 

VID DP-ON Signal Range 

RIND Differential Input 
Resistance 

CIND Differential Input 
Capacitance 

VOSD Comparator Offset 
Voltage 

HYS Threshold Voltage Gain 0.3 < VTH-VRC < 0.9 

VSH Threshold Voltage 
Hysteresis 

TPDD Propagation Delay To DO, DO 

IVTH VTH Input Bias Current 
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MIN NOM MAX UNIT 

-0.5 +0.5 ns 

-2.5 +2.5 % 

200 mV 

1.5 Vpp 

3.0 kn 

7 pF 

60 o 
2.7 mVRms 

5.7 mVRms 

5.5 mVRms 

13.0 mVRms 

1.5 Vpp 

8 14 kn 

5 pF 

4 mV 

0.41 0.48 VN 

.20x VN 
GHYSx 

(VTH 
-VRC) 

6 ns 

2 µA 
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CLOCKING 
The input signals are AC coupled to CP and CN. 

PARAMETER CONDITIONS 

VIC CP-CN Signal Range 

vosc Comparator Offset 
Voltage 

RINC Differential Input 
Resistance 

CINC Differential Input 
Capacitance 

TDS D Flip-Flop Set Up Time DP-DN threshold to CP-CN 
zero cross, CP-CN = 1 Vppd 
at 18 MHz 

PP Pulse Pairing CP-CN = 20 mVppd square 
wave 

TPDC Propagation Delay from 
CP-CN zero crossing 
to RD 

PWRD RD Output Pulse Width 

PWRT ADO, TTL Output Pulse 
Width 

SERVO DIFFERENTIATOR/FULL-WAVE RECTIFIER 

MIN NOM MAX UNIT 

1.5 Vppd 

4 mV 

8 14 kQ 

5 pF 

0 ns 

0.5 ns 

9 ns 

8 14 ns 

20 40 ns 

An external series network is connected between SDIF and SDIF to determine the servo differentiator 
transfer function. The input signals are AC coupled to DP and DN. Fin = 6. 7 MHz at 1.0 Vppd. 

ISDIF SDIF to SDIF pin.current Differentiator impedance must 0.7 1.0 1.3 mA 
be set so as not to dip the 
signal for this level 

RDIF Internal differentiator Cannot be directly tested 1.0 1.2 1.4 kQ 
pull-up resistors 

FWR Input voltage range to Cannot be directly tested 0.1 2.0 Vppd 
maintain FWR voltage 
gain 

REAR Rectification Error 5 % 

AFWR FWR Voltage Gain from TBD 0.97 TBD Vpp/Vppd 
FWR Input to PKA-D 
Outputs 

ISL Servo Output Leakage Channel diabled 10 µA 
Current 

vcos PKA-D Channel to 1 Vppd input to servo FWR -5 5 mV 
Channel Offset 

VAOS PKA-D Absolute Offset 1 Vppd input to servo FWR TBD TBD mV 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

VIA-

VIA+ 

VRG 

VOA 

VOA-

IN+ 

IN-

VBP 

IFO 

RX 

IF1 

GND 

ON+ 

ON-

OD-

OD+ 

ON 

DP 

CN 

CP 

vcc 

DO+ 

44 

2 43 

3 42 

4 41 

5 40 

6 39 

7 38 

8 37 

9 36 

10 35 

11 34 

12 33 

13 32 

14 31 

15 30 

16 29 

17 28 

18 27 

19 26 

20 25 

21 24 

22 23 

32P3010 
44-Pln SOM 

SSI 32P3010 
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Programmable Filter 

BYP 

VRC 

VTH 

PKO 

PKC 

PKB 

PKA 

GTD-

GTC-

GTB-

GTA-

SDIFN 

SDIFP 

LZ/FD 

RG-

WG-

DGND 

ROT 

VCD 

RD-

RD+ 

DO-

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32P3030 is a low power pulse detector and 
servo demodulator designed for use in low power 
applications requiring +5V only power supplies. This 
device has a fully integrated bipolar circuit that detects 
and validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position error signals used 
for read head positioning. 

Time and amplitude qualification are used to provide a 
TIL compatible output that accurately duplicates the 
time position of input signal peaks. An AGC control 
loop, using a dual rate charge pump, provides a 
constant input amplitude for the level qualifier. Level 
qualification with or without hysteresis can be imple­
mented as a fixed threshold or a constant percentage 
thattracks signal amplitude that enhances qualification 
during AGC loop transients. (Continued) 
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FEATURES 

• +SY only power supplies 

• Wide bandwidth AGC Input ampllfler 

• Fast and slow AGC attack and decay regions 
for fast transient recovery 

• Embedded servo channel provides servo burst 
capture and difference circuits 

• Local sampled servo AGC provided based on 
servo burst output amplitude sum 

• Write to Read transient suppression 
• Dual mode pulse quallflcatlon with/without 

pulse polarity hysteresis for read/servo data 
retrieval. 

• 16 Mblt/s operation 
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DESCRIPTION (Continued) 

The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buff­
ered individual channel outputs are provided along 
with a difference output. Servo channel gain can be 
controlled by a sampled AGC signal based on main­
taining the amplitude of the sum of both channels. 

CIRCUIT OPERATION 

READ MODE (R/W pin high or open) 

In Read Mode the SSI 32P3030 is used to process 
either data or servo signals. In the Data Read Mode the 
input signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. In the Servo Read Mode the input signal 
is amplified and rectified and an error signal based on 
amplitude comparison is made available. Two servo 
burst channels are available that provide A & B burst 
levels. 

DATA READ MODE (AGCMODE pin high or open) 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+) - (DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC1 pin. 

The SSI 32P3030 contains a dual rate attack charge 
pump. The value of the attack current is dependent on 
the instantaneous level at DIN±. For signal levels 
above 125% of the desired level a fast attack mode is 
invoked that supplies a 1.4 mA charge current to the 
network on the BYP1 pin. Between 125% and 100% of 
the desired level the circuit enters a slow attack mode 
and supplies 0.18 mA of charge current to the BYP1 
pin. This allows the AGC to rapidly recover during a 
write to read transition but reduces distortion once the 
AGC amplifier is within range. 

Two decay modes are available and are automatically 
controlled within the device. 

Upon a switch to write mode ( R/W pin low), the device 
will hold the gain at its previous value, and the AGC 
input stage is switched into a low impedance state. 
When the device is then switched back to read mode 
the AGC holds the gain and stays in the low impedance 

state for 0.9 µs. It then switches into a fast/slow attack 
mode if the new gain required is less than the previ­
ously held gain or a fast decay mode if the gain required 
is more than its previous value. The fast decay current 
is 0.12 mA and stays on 0.9 µs. After the 0.9 µs time 
period the device stays in a steady state slow attack, 
slow decay mode. The slow decay discharge current is 
4.5µA. 

The AGC1 pin is internally biased so that the target 
differential voltage input at DIN± is 1.0 Vpp at nominal 
conditions. The voltage on this pin can be modified by 
tying a resistor between AGC and AGND or VCC1. A 
resistor to AGND decreases the voltage level, while a 
resistor to VCC1 increases it. The resulting AGC volt­
age level is shown in Figure 1; 

Where: 

V =Voltage at AGC1 with pin open (2.3V, nom.) 

Rint = AGC1 pin input impedance (6.5 kn, typ.) 

Rx = External resistor. 

The new DIN± input target level is nominally 
(VAGC1 - 0.75) • 0.64 Vpp 

The maximum AGC amplifier output swing is 2.6 Vpp 
at OUT± which allows for up to 6 dB loss in any external 
filter between OUT± and DIN±. 

v 

Rx 

VAGC1 = (S-V) Ant +V 
Rini+ Rx 

sv 

v 

FIGURE 1: AGC Voltage 
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AGC gain is a linear function of the BYP1/Gain-pin 
voltage (VBYP1) as shown in Figure 2. 

Gain VIV 

80 

45 

2.5 
VBYP1 (Volls) 

FIGURE 2: AGC Gain 

The AGC amplifier has emitter follower outputs and 
can sink 4.0 mA. 

One filter for both amplitude (DIN± input) and time 
(CIN± input) channels, or a separate filter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. 

In the amplitude channel the signal is sent to a hyster­
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a 
fraction of the DIN± voltage level. 

The latter approach is accomplished by using an exter­
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1.0 Vpp at DIN± results in 1.0 Vop 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
if DIN± is 1.0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vop at the HYS pin. This will 
result in a nominal ±0.1 BV threshold or a 36% threshold 
of a ±0.SV DIN± input. The capacitor, from the LEVEL 
pin to GND, Is chosen to set an appropriate time 
constant. This "feed forward" technique speeds up 
transient recovery by allowing qualification of the input 
pulses while the AGC is still settling. This helps in the 
two critical areas of write to read and head change 

SSI 32P3030 
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recovery. Some care in the selection of the hysteresis 
level time constant must be exercised so as to not miss 
pattern (resolution) induced lower amplitude signals. 
Note thatthere is a built in 50mV threshold (ie., 10% of 
± 0.5V DIN± input) for level qualification even when the 
HYS pin is grounded. This is to prevent false triggering 
by baseband noise during a DC erase gap, (e.g., 
address mark). The output of the hysteresis compara­
tor is the "D" input of a D-type flip-flop. The DOUT pin 
is a comparator output signal for testing purposes only. 
When testing, it requires an external 3-6 k.Q pull-down 
resistor to ground. If no testing is necessary, the DOUT 
pin can be pulled up to Vee (+SV) to save power. 

In the time channel the signal is differentiated to trans­
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one­
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3-6 kQ 
pull down resistor for testing. 

The differentiatorfunction is accomplished by an exter­
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: 

Av -2000Cs 
LCs2 +C(R+92)s+1 

Where: C, L, Rare external passive components 

20 pF < C < 150 pF 
s = jro = j27tf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. Two qualification modes exist to determine 
peaks. The first mode, qualification with pulse polarity 
hysteresis, (ENH =High), is exactly the same as the 
qualification on the SSI 32P541. In this mode, the D 
input to the flip-flop only changes state when the DIN± 
input exceeds the hysteresis comparator threshold 
opposite in polarity to the previous threshold exceed­
ing peak. In the second mode, qualification without 
pulse polarity hysteresis, (ENH =Low), the polarity of 
the peaks is ignored. In this mode, the D inputto the flip­
flop changes state whenever the DIN± input exceeds 
the threshold regardless of polarity. This is accom­
plished, (see figure 3), by clocking the toggle flip-flop 
whenever the threshold is exceeded in either direction 
at the same time that the comparator detects a zero 
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crossing. It may be advantageous to use this mode of 
pulse qualification for retrieving certain kinds of servo 
patterns. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. The 
D flip-flop output triggers a one-shot that sets the RD 
output pulse width. 

SERVO READ MODE 

A position error signal (PES) is generated based on the 
relative amplitude of two servo signals, A and B. 
Rectified servo signal peaks are captured on hold 
capacitors at the HOLDNB pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe.­
riod. Additionally, a default hold capacitor discharge 
current of 1.5 mA can be turned on by pulling ASTA or 
RSTB low. This default 1.5 mA discharge current can 
be modified by tying a resistor between CS and GND 
or VCC1. A resistor to GND increases the discharge 
current, while a resistor to VCC1 decreases it. The 
equation for increasing the discharge current is: 

ICS=22.5V·( ~~~:=~=). Res~ 15 kQ 

For decreasing the discharge current, the equation is: 

lcs=22.5V·(Rcs-22·5k). Res~ 22.5 kn 
15k•Rcs 

Outputs BURST NB & PES are referenced to an exter­
nal reference applied to the VREF pin. 

In servo read mode (see Figure 4) the BYP2 pin is 
connected to the GAi N pin and the servo channel gain 
is determined by the read channel gain as controlled by 
the sum of the A and B amplitudes. In this case a 
current is sourced/sinked to/from the capacitor on the 
GAIN/BYP2 pin whenever the HOLD2 pin is pulled high. 
The current magnitude and direction is determined by: 

le= K4[(Ks • VAGc2) - Va(DIN)pp - Vb(DIN)pp] 
Where: 

VAGc2 = AGC2 pin voltage = 2.3V with pin open. 

K4 = 640 µNVpp 

Ks=0.50VN 

Va/b(DIN)pp = peak to peak A or B servo pattern 
signal voltages at DIN± 

WRITE MODE 

In Write Mode the SSI 32P3030 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced to about 2500. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P3030 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 µs before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

MODE CONTROL 

The device circuit mode is controlled by the ENABLE, 
R/W, AGCMODE, HOLD1 and HOLD2 pins a shown in 
Table 1. 

DATA READ MODE 

AGC active and controlled by data, Digital section 
active. 

DATA READ MODE, HOLD 

AGC gain held constant, Digital section active. Gain 
will drift higher or lower at a rate determined by CevP1 
and Hold mode leakage current. 

SERVO READ MODE I (See Figures 4 & 5) 
The BYP2 and GAIN pins are tied together. Read 
amplifier AGC control voltage developed from sum of 
Servo signal levels. HOLD2 is toggled to update the 
control voltage after each Servo frame. 

CALIBRATE MODE 

A low level on CALIBRATE shall force LATCHA and 
LATCHB low and RST A and RSTB high to measure the 
offsetoftheentireservo BURST A, BURSTB, and PES 
channel. 

WRITE 

Read amplifier input impedance reduced. AGC gain 
held constant, RD stays high. 

POWER DOWN 

Circuit switched to a low current disabled mode. 
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Note: When AGCMODE is switched to a low state the voltage at the BYP1 pin will be held constant subject to Hold 
mode leakage current induced drift. So, when returning to Data Read Mode, the channel gain will be the same 
as it was prior to AGCMODE switching or slightly higher/lower. 

TABLE 1: SSI 32P3030 Circuit Mode Control 

AGC 
ENABLE R/W MODE HOLD1 

1 1 1 1 

1 1 1 0 

1 1 0 x 
1 1 0 x 
1 0 x x 
0 x x x 

CIN+ 

ENH C>-------l------4 

HYS 

FF 

A 

HOLD2 

x 
x 
1 

0 

x 
x 

READ PATH MODES 

Data Read Mode 

Data Read Mode Hold 

Servo Read Mode - Sample 

Servo Read Mode - Hold 

Write 

Power Down 

FIGURE 3: ENH Provides Two Pulse Qualiflcatlon Modes. 
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AGCI 

CIRCUITRY 

=~ t-"--~-------LJ PES . 
SUMMNG 

CIRC1UTRY 

FIGURE 4: Servo Read Mode 
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-0.5 v -+I I+- Tds1 --+ !+- Tds2 
r---------------

VLATCHA 1 

VASTA 

'"'~:j t j f "" 
VAS TB 

A CHANNEL 
DISCHARGE CURRENT 

t=4µsTyp~ 

BCHANNEL 
DISCHARGE CURRENT 

VREF +1.5 V 

VBURSTA 

VREFV 

VBURSTB 

VREF +0.75 V 

VREFV 

VREF +0.75 V 

VPES VREF V 

Elvlvl 11111111111111 

I I I I I I I I 1lvlvl I I I I I I I 
" l"/V \,AA 

AGC AMP G:l:N I I I I I I I I I I I I I I I I I I 

~ j.-- 200 ns Minimum -...J ~ 200 ns Minimum 

AGCMODE 

FIGURE 5: Servo Read Mode 1 
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PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VCC1 I Analog (+5V) power supply for pulse detector. 
AGND I Analog ground pin for pulse detector block. 
VCC2 I Digital ( +5V) supply pin for data synchronizer block. 
DGND I Digital ground pin. 
IN+, IN- I Analog signal input pins. 
OUT+, OUT- 0 Read path AGC Amplifier output pins. 
DIN+, DIN- I Analog input to the amplitude channel. 
CIN+,CIN- I Analog input to the time channel. 
DIF+, DIF- 1/0 Pins for external differentiating network. 
GOUT 0 Test point for monitoring the flip-flop clock input, pull-down resistor 

required. 
DOUT 0 Test point for monitoring the flip-flop D-input, pull-down resistor required. 
BYP1, BYP2 1/0 An AGC timing capacitor or network is tied between each pin and GND. 

BYP1 is for read data. BYP2 is for servo data. 
AGC1,AGC2 I Reference input voltage for the read data AGC loop. (AGC1) and sampled 

servo AGC loop (AGC2). 
LEVEL 0 Output from fullwave rectifierthat may be used for input to the hysteresis 

comparator. 
HYS I Hysteresis level setting input to the hysteresis comparator. 
HOLD1, HOLD2 I TTL compatible pin that holds the AGC gain when pulled low. 
LATCHA, LA TCHB I TTL compatible inputs that switch channel A or B into peak acquisition 

mode when low. 
RSTA,RSTB I TTL compatible input that enables the discharge of channels A & B hold 

capacitors when held low. 
cs I Hold capacitor discharge current magnitude is controlled by a resistor 

from this pin to GND or VCC1. If left open the default current is 1.5 mA. 
HOLDA, HOLDS 1/0 Peak holding capacitors are tied from each of these pins to AGND. 
VREF 0 Reference voltage for Servo outputs. 
BURSTA, BURSTS 0 Buffered hold capacitor voltage outputs. 
PES 0 Position error signal, A minus B output. 
R/W I TTL compatible Read/Write control pin. A low input selects write mode. 
Enable I TTL compatible power up control. A low input selects a low power state. 
AGCMODE I TTL compatible pin that selects the AGC loop control input. A high selects 

BYP1, a low selects GAIN. 
Gain I A voltage at the pin may be used to control AGC gain. 
RD 0 TTL compatible read output, a falling edge corresponds to a detected 

peak. 
CALIBRATE I Used to measure servo offset. 
ENH I TTL compatible pulse qualification control pin. A low input selects modes 

which ignore polarity of peaks. 
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ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 

SSI 32P3030 
Pulse Detector 

and Servo Demodulator 

Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VCC1, VCC2 

Pin Volt'!ll_e l_Anal<m_Qin~ 

Pin Voltage (Digital pins) 

Storage Temperature 

Lead Temperature (Soldering 1 O sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

Supply Voltage (VCC1, VCC2) 

Tj Junction Temperature 

Ambient Temperature ENABLE = High or Low 

POWER SUPPLY 

IVCC1,2 Supply Current Outputs unloaded; 
ENABLE = high or open 

Pd Power dissipation Ta= 25°C, outputs unloaded 

ENABLE= Low 

LOGIC SIGNALS 

VIL Input Low Voltage 

VIH Input High Voltage 

Ill Input Low Current VIL= 0.4V 

llH Input High Current VIH = 2.4V 

VOL Output Low Voltage IOL = 4.0 mA 

VOH Output High Voltage IOH = -400 µA 

2-135 

RATING UNIT 

6.5 v 
.3 to VCC1 + .3 v 
.3 to VCC2 + .3 v 

or +12 mA 

-65 to 150 oc 
260 oc 

MIN NOM MAX UNIT 

4.5 5.0 5.5 v 
- 135 oc 
0 80 oc 

76 110 mA 

380 570 mW 

140 210 mW 

-0.3 0.8 v 
2.0 jvCC+0.3 v 
0.0 -0.4 mA 

100 µA 

0.5 v 
2.4 v 
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MODE CONTROL 

PARAMETER 

Enable to/from Disable 
Transition Time 

Read to Write Transition Time 

Write to Read 
Transition Time 

AGC on to/from AGC off 
transition time 

HOLD1 ON to/from HOLD1 OFF 
transition time 

HOLD2 ON to/from HOLD2 OFF 

READ MODE (R/W is High) 

AGC AMPLIFIER 

CONDITIONS 

Settling time of external 
capacitors not included, 
ENABLE pin high to/from low 

R/W pin high to low 

R/W pin low to high 
AGC setting not included 

AGC mode pin high to/from 
low 

HOLD1 pin high to/from low 

HOLD2 pin high to/from low 

MIN NOM MAX UNIT 

20 µs 

1.0 µs 

0.4 0.9 1.6 µs 

2.0 µs 

1.0 µs 

1.0 µs 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN±. 
OUT± are loaded differentially with 8000, and each side is loaded with< 10 pF to AGND, and AC coupled to 
DIN±. A 900 pF capacitor is connected between BYP1/BYP2 and AGND. An 1100 pF capacitor is connected 
between BYP1/BYP2 and VCC1. AGC1/AGC2 pin is open. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Minimum Gain Range 1.0 Vp-p:;; (OUT+) - (OUT-) 4 80 VN 
:;; 2.6 Vp-p 

AGC Input Range 25 250 mVpp 

Output Offset Voltage Variation Over entire gain range -500 +500 mV 

Maximum Output Set by BYP1 pin 2.6 Vpp 
Voltage Swing 

Differential Input Resistance (IN+) - (IN-) = 100 mVp-p 4 5.4 7.5 kQ 
@2.5MHz 

Differential Input Capacitance (IN+) - (IN-)= 100 mVp-p 4 10 pF 
@2.5MHz 

Single-Ended Input R/W = high, IN+ or IN- 2 2.7 3.8 kQ 

Impedance R/W = low, IN+ or IN- 160 250 Q 

Input Noise Voltage Gain set to maximum 5 15 nV/vHz 

Bandwidth -3 dB bandwidth at 30 MHz 
maximum gain 

OUT+ & OUT- Pin Current No DC path to AGND ±2.5 ±4.0 mA 

CMRR (Input Referred) (IN+)= (IN-)= 100 mVp-p 40 dB 
@ 5 MHz, gain set to max 
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PARAMETER CONDITION 

PSRR (Input Referred) VCC1, 2 = 100 mVp-p 
@ 5 MHz, gain set to max 

(DIN+) - (DIN-) Input K2 25 mVp-p :-:; (IN+) - (IN-) 
Swing vs. AGC1 Input K1 :-:; 250 mVp-p, HOLD = high, 
(DIN+) - (DIN-) = 0.5 Vp-p :-:; (DIN+) - (DIN-) 
(VAGc1-K1) • K2 :<:; 1.5 Vp-p 

(DIN+) - (DIN-) Input Voltage 25 mVp-p :-:; (IN+) - (IN-) 
Swing Variation :-:; 250 mVp-p 

AGC1 Voltage AGC1 open 

AGC1 Pin Input Impedance 

Slow AGC Discharge Current (DIN+) - (DIN-) = OV 

Fast AGC Discharge Current Starts at 0.9 µs after R/W 
goes high, stops at 1.8 µs 

BYP1 Leakage Current HOLD1 = low, 10 :-:; Gain:-:; 80 

Gain Pin Leakage Current HOLD2 =low, 10 :-:; Gain:-:; 80 

Slow AGC Charge Current (DIN+) - (DIN-) = .563 voe. 
VAGC1 = 2.3 V 

Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 voe. 
VAGC1=2.3 V 

Fast to Slow Attack [(DIN+)-( DIN-)] 
Switchover Point [(DIN+)- (DIN-)] FINAL 

Gain Decay Time (Td) (IN+) - (IN-) = 250 mVp-p to 
125 mVp-p @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 

(IN+) - (IN-) = 50 mVp-p to 
25 mVp-p at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time R/W low to high 
(IN+) - (IN-) = 250 mVp-p 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 11 0% final value 
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MIN NOM MAX UNIT 

30 dB 

.54 .64 .74 Vp-p/V 

0.5 0.75 1.0 v 

5.0 % 

1.8 2.2 2.7 v 
4.8 6.5 9.5 kn 

2.8 4.5 6.5 µA 

0.07 0.12 0.18 mA 

-0.2 +0.2 µA 

-0.2 +0.2 µA 

-0.11 -0.18 -0.27 mA 

-0.9 -1.4 -2.1 mA 

110 140 % 

12 20 36 µs 

38 60 110 µs 

.8 2 3.6 µs 
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HYSTERESIS COMPARATOR 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Input Signal Range 1.5 Vp-p 

Differential Input Resistance (DIN+) - .(DIN-) = 100 mVp-p 8 10 14 kn 
@2.5MHz 

Differential Input Capacitance (DIN+) - (DIN-)= 100 mVp-p 3.0 5.0 pF 
@2.5MHz 

Single-Ended Input DIN+ or DIN- 4 5 7 kn 
Impedance 

Slope of Level Gain Calculated from .85 1 1.2 VNp-p 
0.6 < DIN± < 1.5 Vppd 

Intercept of Level Gain DIN±= 0 Vppd 0 0.13 0.26 v 
Level Gain Slope + (Intercept I DIN ppd) 

Level Pin Output Impedance ILEVEL = 0.2 mA 100 200 300 n 

Level pin Maximum 1.5 mA 
Output Current 

Slope of Hysteresis Gain Calculated from 0.32 0.36 0.44 VN 
0.3V < HYS < 1.0V 

Intercept of Hysteresis Gain HYS=O -0.04 -0.025 0 v 
Hysteresis Gain Slope+ (Intercept I HYS Voltage) 

HYS Pin Current 0.3V < HYS < 1.0V 0.0 -5 µA 

Tracking Hysteresis -15 +15 % 
Threshold Tolerance 

DOUT Pin Output Low Voltage 5 kn from DOUT to GND vcc vcc vcc v 
-2.5 -2.0 -1.35 

DOUT Pin Output High Voltage 5 kn from DOUT to GND vcc vcc vcc v 
-2.0 -1.6 -1.1 

ACTIVE DIFFERENTIATOR 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 10on in series with 65 pF are tied from DIF+ to DIF-. 

Input Signal Range 1.5 Vp-p 

Differential Input Resistance (CIN+) - (CIN-) = 100 mVp-p 8 10 14 kn 
@2.5MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVp-p 3.0 5.0 pF 
@2.5MHz 

Single-Ended Input Impedance CIN+ orCIN- 4 5 7 kn 

Voltage Gain From (DIF+ to DIF-) = 2 kn 1 VN 
CIN± to DIF± 

DIF+ to DIF- Pin Current Differentiator impedance must ±0.7 mA 
be set so as to not clip the 
signal for this current level 
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ACTIVE DIFFERENTIATOR (Continued) 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, II 
1.0 Vp-p, 2.5 MHz sine wave. 1000 in series with 65 pF are tied from DIF+ to DIF-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

GOUT Pin Output Low Voltage 5 kQ from COUT to GND vcc vcc vcc v 
-2.5 -2.0 -1.35 

COUT Pin Output High Voltage 5 kQ from COUT to GND vcc vcc vcc v 
-2.0 -1.6 -1.1 

COUT Pin Output Pulse Width 22 35 52 ns 

RiW----! RIW----! 

Lown---~-~ Lown---~-~ 
.9µS 

Fast Discharge Switch i-----i 
----~I .9µS l~----

1 

-----'-I + 1"-_ I - ·2s% 

I I Ff 
I I 

----~I I 

(DIN+ -DIN-) 

Fast Slow 
Charge Charge 

Fast Discharge Switch 

.9µS 
~------

~~----
1 

I 
I 
I 

I ,I,__ ___ _ 
I Fast I Slow 

Discharge Discharge 

Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 

FIGURE 6: AGC Timing Diagram 

OUTPUT DATA CHARACTERISTICS (See Figure 7) 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+)-(CIN-) and (DIN+)-(DIN-) 
are in-place as an AC coupled, 1.0 Vp-p, 2.5 MHz sine wave. 1 OOQ in series with 65 pF are tied from DIF+ to 
DIF-. 0.5V is applied to the HYS pin. RD is loaded with a 4 kQ resistor to VCC and a 1 O pF capacitor to DGND. 
ENABLE and R/W pins are high. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Td1 D Flip-Flop Set Up Minimum allowable time 0 ns 
Time delay from (DIN+) - (DIN-) 

exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 

Td3 Propagation Delay 15 40 ns 

1Td3-Td41 Pulse Pairing 2.5 MHz sine wave input 1.5 ns 

1Td3-Td41 Pulse Pairing 4 MHz sine wave input 1.0 ns 

Td5 Output Pulse Width 22 35 52 ns 
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V(IN+) - (CIN-) ·"='"'·"~ tL\ n 
andOV ~ \ 

V(DIN+)-(DIN-) I 
-HYSTERESIS LEVEL C7 

V(DIF+) - (DIF-) 

DIFFERENTIATOR 
COMPARATOR 

OUTPUT 

VDOUT 

VCOUT 

VDOUT 

VCOUT 

LJ 

41 n 
~Td3 

LJ 
~ ~Td5 

~ 

n 
~ 

n 
~Td4 

LJ LJ 

FIGURE 7: Read Mode DlgHal Section Timing Diagram 

}"""~" 
}'""'ow 

SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.), LATCH A/8 = 
Low, AST A/8 = High, CS Pin Open 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VREF Voltage Range 2.25 2.5 2.75 v 
VREF Pin Input Impedance 30 kQ 

AGC2 Pin Voltage AGC2 Pin Open, 1.8 2.3 2.7 v 
AGC2 Pin Input Impedance 4.8 6.5 9.5 kO 

8URSTA/8 pin Output LATCHA/8 = Low -20 +10 % 
Voltage vs (DIN+) - (DIN-) VBURSTA/B- VREF 

1.5V/Vp-p 
(DIN+)-(DIN-) 

2-140 1191 - rev. 



SERVO SECTION (Continued) 

PARAMETER CONDITIONS 

BURST NB Output l(HOLDA) = l(HOLDB) =-20 µA, 
LA TC HA, B = Low 

Offset Voltage CS pin open 
VBURST - VREF (DIN+)= (DIN-) 

BURSTA - BURSTB Output LATCHNB = low 
Offset Match (DIN+)= (DIN-) 

Maximum PES Pin Output Controlled by AGC2 
Voltage 

PES Pin Output Offset Voltage VPES - VREF, (DIN+) =(DIN-) 
LATCHNB = Low 

Output Resistance, BURSTNB & ILOAD ± 500 µA 
PES pins 

Hold NB Charge Current LATCHNB = Low 

HOLDNB Discharge RSTNB=Low, 
Current Tolerance CS pin open 

RSTNB =High, 
LATCHNB = High 

Load Resistance Resistors to GND 
BURST NB, PES pins 

Load Capacitance 
BURST NB, PES pins 

LATCHNB pin set up time (Tds1 in Figure 5) 

LATCHNB pin Hold Time (Tds2 in Figure 5) 

Channel NB Discharge (Tds3 in Figure 5) 
Current Turn On time 

Channel NB discharge (Tds4 in Figure 5) 
Current Turn Off time 

BYP2 Pin Leakage Current HOLD2 =Low 

BYP2 Pin Charge/Discharge K4, HOLD2 = High 
Current 
le= K4[(Ks. VAGC2) - Ks, HOLD2 = High 
VA(DIN)pp - VB(DIN)pp] 

Maximum BYP2 pin 
charge/discharge current 

VPES pp VS. VAGC2 VPES ppN AGC2 

VPES pp Swing 
AGC2 =Open 
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MIN NOM MAX UNIT 

-150 +150 mV 

-15 +15 mV 

VCC1-1.5 Vpp 

-15 +15 mV 

50 n 

8 mA 

0.8 1.5 2.2 mA 

-0.2 +0.2 µA 

10.0 kn 

20 pF 

150 ns 

150 ns 

150 ns 

150 ns 

-0.2 +0.2 µA 

400 640 880 µA/Vpp 

0.4 0.5 0.7 VN 

190 300 450 µA 

1.18 1.33 1.5 VppN 

2.4 3 3.6 Vpp 
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PACKAGE PIN DESIGNATION 
(Top View) 

AGND 

IN+ 

NC 

VCC1 

HOC02 

ENABLE 

44-Pln PLCC 

THERMAL CHARACTERISTICS: Oja 

44-Pin PLCC so•cm 
52-PinOFP 1s•cm 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32P3030 44-Pin PLCC 

SSI 32P3030 52-Pin QFP 

HYS 

LEVEL 

ENH 

DOUT 

HOl.DA 

HOLDB 

cs 
DGND 

~ 

orn:RIJ 

m 

ENl<BLE 

mlWTE" 11 
fR:liljf 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

HYS 

LEVEL 

ENH 

DOUT 

NC 

HOLDA 

HOLDB 

cs 
31 DGND 

LmlRA 

~ 

Im 

NC 13 27 NC 
14 15 16 17 18 19 20 21 22 23 24 25 26 

52-Pln QFP 

ORDER NO. PKG.MARK 

32P3030-CH 32P3030-CH 

32P3030-CG 32P3030-CG 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573~914 
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DESCRIPTION 

The SSI 32P3040 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of encoded read signals. The circuit 
will handle a data rate of 24 Mbit/s. 

In read mode the SSI 32P3040 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli­
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 

Write to read transient recovery is enhanced by provid­
ing AGC input impedance switching and a selectable 
Fast Recovery mode that provides a higher decay 
current. 

Additionally, the SSI 32P3040 contains an integrated 
programmable electronic filter with cutoff frequencies 
between 2.5 and 13 MHz. High frequency boost (for 
pulse slimming) of up to +9db is also provided. The SSI 
32P3040 requires only a +5V power supply and is 
available in a 36-pin SOM package. 

SSI 32P3040 
Pulse Detector with 

Programmable Filter 

1µ1411;.11;n11;1.me1 
November 1991 

FEATURES 

• 
• 
• 

• 

• 

Compatible with 24 Mblt/s data rate operation 

Fast attack/decay modes for rapid AGC recovery 

Dual rate charge pump for fast transient recov-
ery charge pump currents track programmable 
channel bandwidth 

Low drift AGC hold, fast AGCrecovery, and low 
AGC Input Impedance control signals. Circuitry 
supports programmable gain non-AGC operation 

Temperature compensated, exponential con­
trol AGC 

• Precision wide bandwidth tullwave rectifier 

• Suppons programmable pulse snmmlng equal­
ization and programmable channel fitter and 
dlfferentlatorwlth no external filter components 

• ±2% Fiiter group delay variation from .3FC to FC 

• 
• 

• 

Servo burst output available 

Dlfferentlal hysteresis qualifier comparator to 
ease clock channel timing 

Accurate feed forward or fixed threshold set 

BLOCK DIAGRAM 

~VCA 



SSI 32P3040 
Pulse Detector with 
Programmable Filter 

FEATURES (continued) 

• 
• 
• 
• 
• 

1 ns max pulse pairing with sine wave input 

5 mW low power idle mode 

TTL read data output 

+5V only operation 

36-pin SOM package 

FUNCTIONAL DESCRIPTION 

The SSI 32P3040 Pulse Detector is designed to sup­
port a 24 Mbit/s data rate. The signal processing 
circuits include a wide band variable gain amplifier, a 
programmable electronic filter, differentiator and pulse 
slimming equalizer, a precision wide bandwidth 
fullwave rectifier, and a dual rate charge pump. A fully 
differential filter, differentiator, equalizer, and fullwave 
rectifier are provided to minimize external noise pick­
up. To optimize recovery for constant density record­
ing, the AGC charge pump current tracks the program­
mable filter current IFI. The differentiator zero tracks 
the programmable filter cutoff frequency. Thus in 
constant density recording applications, an approxi­
mately constant differentiated signal amplitude is 
maintained. The desired filter response and equaliza­
tion are easily programmed with the SSI 32D4661, 
Time Base Generator DACs. A dual rate attack charge 
pump and a Fast Decay mode are included for fast 
transient recovery. At maximum IFI current, the normal 
AGC attack current is .18 mA. When the signal ex­
ceeds 125% of the nominal signal level, the attack 
current is increased by a factor of 7. The nominal decay 
current at max IFI is 4 µA. The decay current is 
increased 20 times when in the fast decay mode. Jn this 
mode, transients that produce low gain will recover 
more rapidly with the fast decay current, while tran­
sients that produce high gain will put the circuit in the 
fast attack recovery mode. The decay modes are 
automatically controlled within the device. When R/W 
is low, the AGC is in its hold mode and its input 
impedance is switched low. When R/W is switched 
high, the AGC remains in the hold and low input 
impedance state for . 7 µsand then switches to the fast 
decay mode for . 7µs. The AGC amplifier input imped­
ance is reduced to allow quick recovery of the AGC 
amplifier input AC coupling capacitors. When the 
HOLD input is low, the AGC action is stopped and the 
AGC amplifier gain is set by the voltage at the BYP pin. 
Jn most applications, the BYP pin voltage is stored on 

an external capacitor when HOLD goes low. In appli­
cations where AGC action is not desired, the BYP 
voltage can be set by a resistor divider network con­
nected from VCC to VRC. If a programmable gain is 
desired, the resistor network could be driven by a 
current DAC. The precision fu llwave rectifier produces 
an accurate Level and Servo output signal. These 
outputs are referenced to the reference voltage VRC. 
SERVO and LEVEL are buffered open emitter outputs 
with 100 ohm series current limiting resistors. These 
outputs could be further filtered with external capaci­
tors. 

LEVEL has an internal 50 µA discharge current source. 
An optional Servo output capacitor discharge circuit 
can be included. An external resistor connected to the 
RX pin sets the electronic filter reference current which 
is the source from pin IFO. If a programmable fre­
quency response is desired, a portion of the current 
from IFO, which is proportional to absolute tempera­
ture, must be injected into pin JFI. This could be 
accomplished by a current DAC. Some frequency 
response programming may be accomplished by con­
necting IFO to IFI and switching different resistors to 
pin RX. Frequency boost is accomplished by varying 
the voltage at VBP. VBP has a nominal 100 mV built­
in offset so that the circuit has O dB boost for VBP below 
100 mV. The voltage at VBP should be proportional to 
the reference voltage at pin VRG. 

A differential comparator with floating hysteresis 
threshold allows differential signal qualification for 
noise rejection. An accurate feed forward qualification 
level is generated by comparing the difference be­
tween LEVEL and VRC. VRC is referenced to VCA. 
Thus with the VTH resistor network connected from 
VCA to VRC, an accurate fixed threshold can be 
established. The threshold is clamped to a minimum 
value of 50 mV. Thus a qualified signal must exceed 
this minimum level even when the VTH_ VRC voltage 
is zero. A qualified signal zero crossing triggers the 
output one shot. The one shot period is set internally. 
Low level differential outputs are provided for high 
speed operation and to minimize noise generation. 
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PIN DESCRIPTION 

INPUT PINS 

NAME TYPE 

VIA+, VIA- I 

IN+, IN- I 

DP,DN I 

CP,CN I 

HYS I 

R/W I 

PWR I 

HOLD I 

DCHG I 

OUTPUT PINS 

VOA+, VOA- 0 

ON+, ON- 0 

OD+, OD- 0 

DOUT 0 

GOUT 0 

RD 0 

LEVEL 0 

SERVO 0 

ANALOG PINS 

VRC -
VRG -

VBP -

RX -

IFO 

1191-rev. 

DESCRIPTION 

AGC Amplifier input pins. 

Equalizer/filter input pins. 

SSI 32P3040 
Pulse Detector with 

Programmable Filter 

Data inputs to data comparators and fullwave rectifier. 

Differentiated data inputs to the clock comparator. 

Threshold level setting input for the data comparators. 

TTL compatible input when high puts the charge pump in the normal mode. 

TTL compatible input when high puts the circuit in its normal operating mode. 

TTL compatible input when low disables the AGC action by turning off the 
charge pump. 

Optional TTL compatible input pin when low produces a discharge current 
at the SERVO pin. Not available in 36 pin SO package. 

AGC amplifier output pins. 

Equalizer/filter normal output pins. 

Equalizer/filter differentiated output pins. 

Test point for monitoring the data F/F D-input. Usage requires an external 
2.4K resistor from DOUT to GND. 

Test points for monitoring the data F/F clock inputs. Usage requires an 
external 2.4K resistor from DOUT to GND. 

TTL compatible read data output pins. 

Open NPN emitter output that provides a fullwave rectified signal for the VTH 
input. The signal is referenced to VRC. 

Open NPN emitteroutputthat provides a fullwave rectified servo signal. The 
sJg_nal is referenced to VRC. 

Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 

Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 

The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is 
implemented by using a DAC that uses VRG as its reference. A fixed amount 
of boost can be set by an external resistor divide network connected from 
VBP to VRG and GND. 

Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 

Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program-
mable input current for the IFI pin. 
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PIN DESCRIPTION (Continued) 

ANALOG PINS (Continued) 

NAME TYPE DESCRIPTION 

IFI Programmable filter input current pin. The filter cutoff frequency is proportional 
to the current into this pin. The current must be proportional to the reference 
current out of IFO. A fixed filter cutoff frequency is generated by connecting 
IFO to IFI and selecting Rx to set the desired frequency. 

AGC Optional reference voltage input for the AGC. The reference voltage is nor-
many set by an internal resistor divider for VCC to VRC. (Not available in 36 
pin SO package). 

BYP The AGC integrating capacitor CA is connected between BYP and VCA. 

VCA, VCD,VCD2 Analog and Digital +5 volts. 

AGND1, DGND1, Analog and Digital grounds. 
DGND2 

ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.65<VCC<5.25, 0°C<Ta<70°C 

ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 

PARAMETER VALUE UNIT 

Storage Temperature -65 to +150 oc 
Junction Operating Temperature,Tj +130 oc 
Supply Voltage, VCA, VCD -0.7 to 7 v 
Voltage Applied to Inputs -0.5 to VCA, VCD +0.5 v 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ISS Supply Voltage Current Active mode 80 mA 

Low-Power mode 1 mA 

PD Power Dissipation Active mode 400 mW 

Low-Power mode 5 mW 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATING UNIT 

Supply Voltage VCA = VCD = VCC 4.65<VCC<5.25 v 
Ambient Temperature, Ta 0<Ta<70 oc 
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LOGIC SIGNALS 

PARAMETER CONDITIONS 

VIL TTL ll'![:>_Ut Low Volt~e 

VIH TTL Input High Volt~e 

Ill TTL Input Low Current VIL= 0.4V 

llH TTL Input High Current VIH = 2.7V 

VOH TTL Output High Voltage IOH = -400µA 

VOL TTL Output Low Voltage 10L=3mA 

TRDRF Output Rise and Fall Time CL= 15 pF 

TH Hold Input Switching Times 

TWR Write to Read Input Short Time R/W pin low to high 

AGC AMPLIFIER 

SSI 32P3040 
Pulse Detector with 

Programmable Filter 

MIN NOM MAX UNIT 

-0.3 0.8 v 

2.0 VCC+0.3 v 

-0.4 mA 

0.1 mA 

2.4 v 

0.5 Vpp 

7 ns 

0.3 µs 
0.5 1.4 µs 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and ON. Ca 1000 pF. Fin= 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-, Fin= 4 MHz and filter boost at Fe = OdB. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIR Input Range Filter boost at FC = 0 dB 24 240 mVppd 

Filter boost at FC = 9 dB 20 120 mVppd 

VDPN DP-ON voltage (VIA+) - (VIA-)= 0.1 Vpp .90 1.10 Vppd 

VDPNV DP-ON Voltage Variation 24 mV <(VIA+) - (VIA-) < 240 mV 8.0 % 

AV Gain Range 1.9 22 VN 

AVPV Gain Sensitivity 28 dBN 

VOADR VOA+, VOA- Dynamic Range THO= 1% max .75 Vpp 

ZIN Input Impedance R/W= high 4.0 8.4 kQ 

ZCMIN Common Mode R/W =high 1.8 kQ 

Input Impedance R/W= low 250 n 
VOS Output Offset Voltage Over gain range -200 +200 mv 

Variation 

VINO Input Noise Voltage gain= max, filter not 15 nv$z 
connected to VOA+, VOA-, 
Rs=OQ 

BW Bandwidth No AGC action 45 MHz 

CMRR Common-mode Rejection Ratio gain= max, f = 5 MHz 40 dB 

PSRR Power Supply Rejection Ratio gain= max, f = 5 MHz 45 dB 

TGD Gain Decay Time VIA+ VIA- = 240 mV to 120 mV 31 µs 
VOA+ VOA- >0.9 Final Value 
BYP ~. 1000 pF 

TGA Gain Attack Time VIA+ VIA-= 120 mV to 240 mV 2 µs 
VOA+ VOA- <1.1 Final Value 
BYP ~. 1000 pF 
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ELECTRICAL SPECIFICATIONS (continued) 

Unless otherwise specified, 4.65<VCC<5.25, 0°C<Ta<70°C 

AGCCONTROL 
The input signals are AC coupled to DP and DN. Ca= 1000 pF, LEVEL load= 50 µA, SERVO load= 100 µA. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VDI DP-DN Signal Input Range 1.4 Vpp 

ALO Level (Servo) Output Gain DP-DN = .5 to 1 Vpp .712 .788 VNpp 

BWL Level (Servo) Output Bandwidth 1 dB 15 MHz 

VLO Level Offset Voltage Output-VRC, IL = 50 µA 30 mv 

vso Servo Offset Voltage Output - VRC, IL = 100 µA 30 mV 

ZLS Level (Servo) Output Impedance IL=100µA 400 n 
ID Discharge Current 0.008 x mA 

IFI 

IDF Fast Discharge Current 0. 7 to 1.4 µs after R/W goes 20 x Id mA 
high 

ICH Charge Pump Attack Current 40x Id mA 

ICHF Charge Pump Fast Attack DP-ON = 1.35 Vpp 7 x lch mA 
Current 

IBYP Pin Leakage Current HOLD= low -0.1 0.1 µA 

VRC Reference Voltag_e VCC-2.4Z VCC-2.2 v 

IVRC Output Drive -.75 .75 mA 

VRG Reference 2.2 2.45 v 

IVRG Source Current 1 mA 

VAGC Pin Voltage VRC+1.0 v 

EQUALIZER/FILTER The input signals are AC coupled to IN+ and IN-. 

f c Filter Cutoff Frequency fc= 22.5MHz (IFI) 2.5 13.5 MHz 
mA 

IFI = 0.11 to .6 mA, TA= 25°C 

VRX PTAT Reference Current TA= 25°C 750 mv 
Set Output Voltage IRx = O - 0.6 mA 

Rx> 1.25 kn 
IFOR PTAT Reference Current TA= 25°C 0.11 0.6 mA 

Output Current Range 1.25 kn < Rx < 6.8 kn 
IFO = VRx/Rx 
VRx = 750 mV 
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EQUALIZER/FILTER (continued) 

PARAMETER CONDITIONS 

IFIR PT AT Programming TA= 2S°C, VRX = 7SO mV 
Current Range 

VBPR Input Voltage Range 

IBP Input Bias Current 

FCA Filter FC Accuracy FC = S to 13.S MHz 

AO [(ON+)-(ON-)Jll(IN+)-(IN-)) F = 0.67 FC 
Normal Gain 

AD [(OD+)-(OD-)J/l(IN+)-(IN-)) F = 0.67 FC 
Diff Gain 

FB Frequency Boost at FC FB = 20 log [1.884(VBP-.1) 
NR+1] VBP-0.1>0 

FBA Frequency Boost Accuracy FB = 9 dB 

TGD Group Delay Variation 0.3 FC to FC = 13.S MHz 
FB =Oto 9 dB 

voo Output Offset Voltage Variation over entire gain range 

VOF Filter Output Dynamic Range THD = 1.S% max 
F = 0.67 FC 

RINF Filter Input Resistance 

CINF Filter Input Capacitance 

RO Filter Output Resistance 10= O.S mA 

IFOD Filter Output Drive Current 

VNN Eout Output Noise Voltage BW = 100 MHz, Rs =son 
ON+ ON- IFI = 0.8 mA, VBP = 0 

BW = 100 MHz, Rs= son 
IFI = 0.8 mA, VBP = VRG 

VND Eout Output Noise Voltage BW = 100 MHz, Rs= son 
OD+ OD- IFI = 0.8 mA, VBP = 0 

BW = 100 MHz, Rs= son 
IFI = 0.8 mA, VBP = VRG 
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MIN NOM MAX UNIT 

0.11 0.6 mA 

0 VRG v 
3 µA 

-10 +10 % 

1.6 2.4 VN 

0.9AO 1.1AO VN 

0 9 dB 

-1 +1 dB 

-2 +2 % 

-200 +200 mV 

1.S Vpp 

3.0 kn 

7 pF 

70 8S n 

-1 +1 mA 

2.2 mVRMS 

3.4 mVRMS 

S.4 mVRMS 

9 mVRMS 
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DATA COMPARATOR 
The input signals are AC coupled to DP and ON. 

DR DP-ON Signal Range 

RINDC Differential Input Resistnace 

CINDC Differential Input Capacitance 

ATH Threshold Voltage Gain, Kth 0.3 < VTH-VRC < .75 

VIAMIN Minimum Threshold Voltage VTH-VRC s 0.11V 

TPDDC Propagation Delay To DO+, DO-

ITH VTH Input Bias Current 

DOUTSS DOUT Signal Swing 2.4K from DOUT to GND 

CLOCKING 
The input signals are AC coupled to CP and CN. 

CR CP-CN Signal Range 

RINCL Differential ll!Q_ut Resistance 

CINCL Differential Input Capacitance 

TDS D F/F Set Up Time DP-ON threshold to 
CP-CN zero cross 

TPP Pulse Pairing Vs= 1Vpp, F = 2.5 MHz 

TPDCL Propagation Delay to RD Vs = 20 mVpp sq wave 

RDPW Output Pulse Width Measured at 1.4V level 

COUTS Signal Swing 2.4K from COUT to GND 

2-150 

1.5 Vpp 

8 14 kn 

5 pF 

0.41 0.48 VIV 

.05 v 
10 ns 

2 µA 

0.5 v 

1.5 Vpp 

8 14 kn 

5 pF 

0 ns 

1 ns 

14 ns 

10 33 ns 

0.5 v 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

VRG 36 VIA+ 

VOA- 2 35 VIA-

VOA+ 3 34 BYP 

IN+ 4 33 VRC 

IN- 5 32 VTH 
VBP 6 31 LEVEL 

IFO 7 30 SERVO 

RX 8 29 PWR 

IFI 9 28 R/W 

GND 10 27 HOLD 

ON+ 11 26 GND 

ON- 12 25 DGND2 

OD- 13 24 COUT 

OD+ 14 23 VCD 

DN 15 22 VCD2 

DP 16 21 DOUT 

CN 17 20 RD-

CP 18 19 VCA 

CAUTION: Use handling procedures necessary 

36-Pln SOM for a static sensitive component. 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 32P3040 
36-Pin Small Outline 32P3040-CM 32P3040-CM 

Prellmlnary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1191 - rev. 2-151 ©1990 Silicon Systems, Inc. 
Patents Pending 
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DESCRIPTION 
The SSI 32F8000 Programmable Electronic Filter 
provides an electronically controlled low-pass filter 
with a separate differentiated low-pass output. A seven-­
pole, low-pass filter is provided along with a single­
pole, single-zero differentiator. Both outputs have 
matched delays. The delay matching is unaffected by 
any amount of programmed equalization or bandwidth. 
This programability combined with low group delay 
variation makes the SSI 32F8000 ideal for use in 
constant density recording applications. Pulse slimming 
equalization is accomplished by a two-pole, low-pass 
with a two-pole, high-pass feed forward section to 
provide complimentary real axis zeros. A variable 
attenuator is used to program the zero locations. 

The SSI 32F8000 programmable equalization and 
bandwidth characteristics can be controlled by exter­
nal DACs. Fixed characteristics are easily accom­
plished with three external resistors, in addition equali­
zation can be switched in or out by a logic signal. 

The SSI 32F8000 requires only a +5V supply and is 
available in 16-pin DIP, SON, and SOL packages. 

BLOCK DIAGRAM 

VIN+ Low Pass Summer Low Pass 
VIN- Filter Filter 

High Pass Variable 
Filter Allen. 

ISO 

ISi 
VREF 

FBST 

IFI Filter 
Control 

IFO 
PTAT 
REF 

BIAS 

GND vcc 
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FEATURES 

• Ideal for multi-rate systems applications 

• Programmable filter cutoff frequency 
(/c = 9 to 27 MHz) 

• Programmable pulse slimming equalization 
(0 to 13 dB boost at the filter cutoff 
frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter Input and outputs 

• ±10% cutoff frequency accuracy 

• ±2% maximum group delay variation from 
9-27 MHz 

• Total harmonic distortion less than 1.5% 

• No external filter components required 

• +5V only operation 

• 16-pln DIP, SON, and SOL package 

PIN DIAGRAM 

VO_NORM+ ISO 16 VO_DIFF+ 
VO_NORM-

VO_NORM- 2 15 VO_DIFF-

VO_DIFF+ 
VO_NORM+ 3 14 PW RON 

VO_DIFF- vcc 4 13 VR 

VIN- 5 12 RX 

VR VIN+ 6 11 IFO 

ISi 7 10 IFI 

FBST 8 9 GND 

RX 

PW RON 

CAUTION: Use handling procedures necessary 
3-1 for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 

The SSI 32F8000 is a high performance program­
mable electronic filter. It features a 7-pole 0.05° 
equiripple linear phase filter with matched normal and 
differentiated outputs. 

CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency,Jc, of the SSI 32F8000 is defined 
as the -3dB filter bandwidth with no magnitude equal­
ization applied, and is programmable from 9 MHz to 27 
MHz. 

The cutoff frequency is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor 
to ground establishes the IFO reference current, 

IFO = O. 75 t T = 27°C RX' a . 
IFI should be made proportional to IFOfortemperature 
stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as the following: 

fc(MHz) = 27 x ~ x 1.25 
IFO Rx (kn) 

The voltage at the RX pin is a proportional to absolute 
temperature reference voltage, which is - 750 mV@ T 
= 27°C. The IFOoutput isacurrentsourceoutput, thus 
has high output impedance. The IFI input can be 
modeled as a diode in series with a 1.2 k.Q resistor. 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re­
duces to: 

fc(MHz) = 27x 1. 25 
Rx (kn) 

For programmable cutoff frequency, an external cur­
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
I Fl, which is then proportionalto the IFO. The DACF in 
the SSI 3204661 Time Base Generator is designed to 
control fcof the Silicon Systems programmable filters. 
When the DACF, which has a 4X gain from its 
referencetofullscale output, is used, a 5 k.Q RX is used. 
fc is then given as follows: 

fc(MHz) =27x F _Code 
127 

where F _Code is the decimal code equivalent to the 7-
bit digital input for the DACF. 

3-2 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff fre­
quency relative to the original -3 dB point. For example, 
when 12 dB boost is applied, the magnitude response 
peaks up 9 dB above the DC pain. 

The magnitude equalization is programmable with two 
pins: ISO and ISi. ISO is a reference current which is 
proportional to the absolute temperature and on-chip 
resistance, 600 µA typicaly at T =27°C. The input atthe 
ISi pin determines the amount of high frequency boost. 
The boost function is as follows: 

Boost (dB)= 20 log10 [3.46 ( 1~~) + 1]. 

The ISO output is a current source output, thus has 
high output impedance. The ISi )nput has low input 
impedance and is biased at the bandgap voltage 
reference, VR. 

For a fixed boost setting, one can set a current divider 
from ISO to ISi and VR. When two resistors of equal 
value are connected from ISO to ISi and ISO to VR, the 
ISO current is then divided equally into ISi and VR. For 
programmable equalization, an external current DAC 
can be used. ISO should be the reference currentto the 
DAC. The DAC output current is then proportional to 
ISO. 

For SSI 32F8000, the equalization function can be 
disabled when FBST is pulled to logic 0. 

POWER ON I OFF 

The SSI 32F8000 supports a power down mode for 
minimal idle dissipation. When PWRON is pulled up to 
logic 1, the device is in normal operation mode. When 
PWRON is pulled down to logic 0, or left open, the 
device is in the power down mode. 
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PIN DESCRIPTIONS 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to 
VO_NORM- the load. 

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled to 
VO_DIFF- the load also, to eliminate DC offsets. 

RX PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 
reference current IFO is equivalent to the current set on this pin by a resistor to GND. 

IFI FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFI, injected into this pin. IFI must be proportional to current IFO. This current can 
be set with an external current generator such as a DAC, referenced to IFO. 

IFO PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFI. 

ISi FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by an 
external current applied to this pin. ISi must be proportional to ISO. A fixed amount of boost 
can be set by an external resistor divider network connected from ISO to VR and ISi. No 
boost is applied if the FBST pin is grounded, or at logic low. V1s1 = VR 

ISO CURRENT REFERENCE OUTPUT. This pin outputs a reference current which can be 
scaled by diverting current to pin VR. This current is used to control frequency boost via 
connection to pin ISi. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. 

PWRON POWER ON. A high logic level circuit enables the chip. A low level or open pin puts the 
chip in a low power state. 

VR REFERENCE VOLTAGE. Internally generated reference voltage. 

vcc +5 VOLT SUPPLY. 

GND GROUND 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATINGS UNIT 

Storage Temperature -65 to +150 oc 
Junction Operating Temperature, Tj +130 oc 
Supply Voltage, VCC -0.5 to 7 v 
Voltage Applied to Inputs -0.5 to VCC v 
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RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Supply voltage, VCC 

Ambient Temperature 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS 

Power Supply Characteristics 

ICC Power Supply Current PWRON =0.8V 

ICC Power Supply Current PWRON~2.2V 

PD Power Dissipation PWRON ~ 2.2V, VCC = 5.0V 

PWRON ~ 2.2V, VCC = 5.5V 

DC Characteristics 

VIH High Level Input Voltage TTL input 

VIL Low Level Input Voltage 

llH High Level Input Current VIH =2.7V 

Ill Low Level Input Current VIL= 0.4V 

Filter Characteristics 

*/c Filter Cutoff Frequency 
f c = 45 MHz (IFI) *(/ -3dB) 

mA 

IFI = 0.2 to 0.6 mA, Ta= 25°C 

FCA Filter /c Accuracy /c= 18 MHz 

AO VO_NORM Dill Gain F = 0.67 /c, FB = 0 dB 

AD VO_DIFF Diff Gain F = 0.67 /c, FB = 0 dB 

FB Frequency Boost at /c 
FB(db)=20 log [ 3.46C~~ )+1] 

FBA Frequency Boost Accuracy ISi/iSO = 0.5255 

TGDO Group Delay Variation /c = 27 MHz, ISi = OmA 
Without Boost F = 0.2 /c to /c 

/c = 9 MHz - 27 MHz 
F = 0.2 /c to /c, ISi = OmA 

/c = 9 MHz - 27 MHz, ISi = OmA 
F = /c to 1. 75 /c 

3-4 

RATINGS UNIT 

4.50 < vcc < 5.50 v 
0 <Ta< 70 oc 

MIN NOM MAX UNITS 

1 mA 

50 TBD mA 

250 TBD mW 

280 TBD mW 

2.0 v 
0.8 v 
20 µA 

-1.5 mA 

9.0 27.0 MHz 

-10 +10 % 

0.8 1.20 VN 

0.90AO 1.1AO VN 

13.0 dB 

-1 +1 dB 

-500 +500 ps 

-2 +2 % 

-3 +3 % 
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SSI 32F8000 
Low-Power Programmable 

Electronic Filter 

ELECTRICAL CHARACTERISTICS, (Continued) 

Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Filter Characteristics, continued 

TGDB Group Delay Variation Jc = 27 MHz, ISi = ISO -soo +SOO ps 
With Boost F = 0.2 Jc to Jc 

Jc = 9 MHz - 27 MHz -2 +2 % 
F = 0.2 Jc to Jc, ISi = ISO 

Jc = 9 MHz - 27 MHz, ISi = ISO -3 +3 % 
F=Jcto1.7SJc 

VIF Filter Input Dynamic Range THD = 1% max, F = 0.67 Jc 1.0 Vpp 

THO = 1.5% max, F = 0.67 Jc 1.S Vpp 

VOF Filter Output Dynamic Range THO= 1% max, F = 0.67 Jc 1.0 Vpp 
RLOAD ~ 1kn 

RIN Filter Dill IJlfl_ut Resistance 3.0 kn 

CIN Filter Input Capacitance 7 pf 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 3.6 mVRms 
Differentiated Output Jc = 27 MHz, ISi = OmA 

EOUT Output Noise Voltage BW = 1 oo MHz. Rs = son 2.2 mVRms 
Normal Output Jc= 27 MHz, ISi = OmA 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son S.8 mVRms 
Differentiated Output Jc= 27 MHz, ISi = ISO 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 2.9 mVRms 
Normal Output Jc = 27 MHz, ISi = ISO 

10- Filter Output Sink Current 1.0 mA 

10+ Filter Output Source Current 2.0 mA 

RO Filter Output Resistance 10+ = 1.0 mA 60 n 
(Single ended) 

Filter Control Characteristics 
VR Reference Voltage 2.2 2.45 v 
VRX PTAT Reference Current TA= 2s 0 c 7SO mV 

Set Output Voltage IRX = 0 - 0.6 mA 
Rx> 1.2s kn 

IFO PTAT Reference Current, TA= 2s 0 c 0.1S 0.6 mA 
Output Current Range 1.25 kn< Rx <S.O kn 

IFO = VRX/Rx 
VRX = 7SO mV 

R@IFO IFO Output Impedance so kn 

V@IFO IFO Voltage Compliance Vcc-1 v 
IFI PTAT Programming TA= 2S°C, VRX = 7SO mV 0.2 0.6 mA 

Current Range 

R@IFI IFI Input Impedance 0.2 mA < IFI < 0.6 mA, T = 2S°C 2 Kn 
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SSl32F8000 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL CHARACTERISTICS, (Continued) 

Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS 

Filter Control Characteristics, continued 

ISO Reference Current TA= 2s0c 
R@ISO ISO Output Impedance 

ISi Programming TA= 2s0c 
Current Range 

R@ISI ISi Input Impedance 

V1s1 Voltage at pin ISi 

V1so Saturation Voltage at pin ISO Maximum voltage guaranteed not to 
max saturate current source 

MIN NOM MAX 

0.6 

50 

0 0.6 

TBD 

VR 

Vcc-1 

~~;tef 

~ ~ l 

10 dB/div t----+--i 

1----+--i 

100K 

@ fc = 9 MHz; O dB Boost 

@ fc = 9 MHz; 13 dB Boost 

© fc = 27 MHz; O dB Boost 

@ fc = 27 MHz; 13 dB Boos 

1M 10M 

FIGURE 1: 32F8000 Normal Low Pass Response 

3-6 

~ I\ 

100M 

UNITS 

mA 

kn 

mA 

n 
v 
v 
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SSI 32F8000 
Low-Power Programmable 

Electronic Filter 

10dB/div. #,... ,/""" _l \ 
l---+--1:31"1"'9-+++:l""'"-l--t-t-+i-++H-~+-'\l-H-ttf H 

1ns/div. 

0 

~# 'N 
~ @ /c=9MHz;OdBBoost I\ 

@ /c = 9 MHz; 13 dB Boost ~ 

1---+---+-+-1-+-++++-1@ /c = 27 MHz; 0 dB Boost ~-t-t+H 

1---+---+-+-1-+-++++-1@ /c = 27 MHz; 13 dB Boostt-t-tl-tt-t+H 

100K 1M 10M 100M 

FIGURE 2: 32F8000 Differentiated Low Pass Response 

,!?, 
1..--!1 ~ ~ ' a ~ 

@ o dB Boost ~ 
@ 12 dB Boost 

1 fc= 27 MHz 

_l 

75M 

7.5 MHz/div. 

FIGURE 3: 32F8000 Group Delay Response with fc = 27 MHz 
3-7 
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SSI 32F8000 
Low-Power Programmable 
Electronic Filter 

32F8000 

ISO 

VO_NORM+ 

VCC (+5V) 

VIN-

VR=2.2V 

VRX = 750 mV @25°C 

IFO = VRX/Rx 

2 

3 

4 

5 

6 

7 

8 

IFI range: 0.2 mA to 0.6 mA @25°C 

(9 to 27 MHz no boost) 

16 

15 

14 

13 

12 

11 

10 

9 

RX~ IFO Rx 
IFI 

GND = 

Fixed frequency programming is accomplished as shown in the drawing above. 
In this case IFI (programming current) is equivalent to IFO (reference current). 
Programming current is then set by VRX/Rx. 

i.e.: fc = 27 MHz then 

IFI = IFO = 0.6 mA @25°C 

Rx= 750 mV/0.6 mA = 1.25 kn 

Fixed boost programming is also accomplished as shown above. In this case 
ISi (programming current) is set by a current divider, where excess current is 
diverted to pin VR (V181 = VR). 

i.e.: boost = 9 dB then, 
ISi/iSO = 0.5255 9 dB= 20 log (3.46 (0.5255) + 1] 

R1s2 1 1.107 
R1s1 (IS0)-1 

ISi 
Care should be taken that (IR1s2 • R182) or (IR1s1 • R1s1) 
do not exceed (V1so max - V181). 

FIGURE 4: 32F8000 Applications Setup 
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INPUT 
1.31703 

s2+ s 1.68495+1.31103 

s2 + s 1.68495 + 1.31 703 

2.95139 

SSI 32F8000 
Low-Power Programmable 

Electronic Filter 

5.37034 0.86133 

s2+ s 1.54203 + 2.95139 s2+ s 1.4558 + 5.37034 s +0.86133 

s 
s + 0.86133 

Normalized for roe = (21t) Jc = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 Jc 
Denormalize the frequency by substituting S--> (S/27tJc) 
Eq for Jc = 27 MHz, S = S I [(27t)(27 x 106)] 

FIGURE 5: 32F8000 Normalized Block Diagram 

TABLE 1: 32F8000 Frequency Boost Calculations 

Assuming 13 dB boost for ISO = ISi Boost ISi/iSO Boost ISi/iSO 
1 dB 0.035 6 dB 0.288 
2dB 0.075 7 dB 0.358 

ISi - (10(FB/20)) - 1 3dB 0.119 8 dB 0.437 
ISO= 3.46 4dB 0.169 9 dB 0.526 

5dB 0.225 10 dB 0.625 
11 dB 0.737 
12 dB 0.862 
13 dB 1.00 

or, ISi/iSO Boost ISi/iSO Boost 

boost in dB :: 20 log [3. 46 c~~) + 1 
0.1 2.581 dB 0.6 9.760 dB 
0.2 4.568 dB 0.7 10.686 dB 
0.3 6.184 dB 0.8 11.522 dB 
0.4 7.546dB 0.9 12.285 dB 
0.5 8.723 dB 1.0 13 dB 

TABLE 2: Calculations 

Typical change in f-3 dB point Boost at /c /·3 dB//c Boost at /c /·3 dB/fc 
with boost 0 dB 1.0 5 dB 2.13 

1 1.22 6 2.28 
2 1.47 7 2.41 
3 1.74 8 2.53 
4 1.95 9 2.65 

10 2.73 
Notes: 1. f c is the original programmed cutoff frequency with no boost 11 2.81 

2. f-3 dB is the new -3 dB value with boost implemented 12 2.88 
13 2.96 

i.e., fc = 9 MHz when boost = O dB 
if boost is programmed to 5 dB then f-3 dB = 19.17 MHz 
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SSI 32F8000 
Low-Power Programmable 
Electronic Filter 

PACKAGE PIN DESIGNATION 
(Top View) 

ISO 16 VO_DIFF+ 

VO_NORM- 2 15 VO_DIFF-

VO_NORM+ 3 14 PWRON 

vcc 4 13 VR 

VIN- 5 12 RX 

VIN+ 6 11 IFO 

ISi 7 10 IFI 

FBST 8 9 GND 

32F8000 
16-pln DIP, SON, SOL 

THERMAL CHARACTERISTICS: eja 

16-lead SON (150 mil) 1os0 c1W 

16-lead SOL (300 mil) 100°c1W 

16-lead PDIP 110°c1W 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1990 Silicon Systems, Inc. 3-10 
Patent Pending 497, 863 / 500, 7781710, 512 
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VIN 

VIN 

VBP 

IFP 

VFP 

FBST 

DESCRIPTION 
The SSI 32F8011/8012 Programmable Electronic 
Filter provides an electronically controlled low-pass 
filter with a separate differentiated low-pass output. 
A seven-pole, Bessel-type, low-pass filter is provided 
along with a single-pole, single-zero differentiator. Both 
outputs have matched delays. The delay matching is 
unaffected by any amount of programmed high fre­
quency peaking (boost) or bandwidth. This program­
mability, combined with low group delay variation makes 
the SSI 32F8011/8012 ideal for use in many applica­
tions. Double differentiation high frequency boost is 
accomplished by a two-pole, low-pass with a two­
pole, high-pass feed forward section to provide comple­
mentary real axis zeros. A variable attenuator is used 
to program the zero locations, which controls the 
amount of boost. 

The SSI 32F8011 /8012 programmable boost and band­
width characteristics can be controlled by external 
DACs or DACs provided in the SSI 32D4661 Time 
Base Generator. Fixed characteristics are easily ac­
complished with three external resistors, in addition 
boost can be switched in or out by a logic signal. 

The SSI 32F8011 /8012 requires only a +5V supply and 
is available in 16-pin DIP, SON, and SOL packages. 

Note: SSI 32F8011 is in full production; SSI 32F8012 
is in preliminary status. Samples of both are available. 

BLOCK DIAGRAM 

1191 - rev. 

SSI 32F8011 /8012 
Programmable 

Electronic Filter 

November 1991 

FEATURES 

• Ideal for: 

- constant density recording appllcatlons 
- cellular telephone appllcatlons 
- radio 
- data acquisition 
·LAN 

• Programmable filter cutoff frequency 
(SSI 32F8011 fc = 5 to 13 MHz) 
(SSI 32F8012 fc = 6 to 15 MHz) 

• Programmable high frequency peaking 
(Oto 9 dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Dlfferentlal fllter Input and outputs 

• ±0.75 ns group delay variation from 
0.2 fc to fc = 13 MHz 

• Total harmonic distortion less than 1% 

• +5V only operation 

• 16-pln DIP, SON, and SOL package 

PIN DIAGRAM 

VO_NORM 
VO_NORM GND1 16 VO_DIFF 

VO_NORM 2 15 VO_DIFF 

VO_DIFF 
VO_NORM 3 14 PW RON 

VO_DIFF VCC1 4 13 VR 

ViN 5 12 VCC2 

VIN 6 11 IFP 
VR 

VBP 7 10 VFP 

FBST 8 9 GND2 
PW RON 

CAUTION: Use handllng procadurBI nacaosary 
for a static sensitive corr.,onent. 



SSI 32F8011/8012 
Programmable 
Electronic Filter 

FUNCTIONAL DESCRIPTION 

The SSI 32F8011/8012, a high performance program­
mable electronic filter, provides a low pass Bessel-type 
seven pole filter with matched normal and differenti­
ated outputs. The device has been optimized for usage 
with several Silicon Systems products, including the 
SSI 32D4661 Time Base Generator, the SSI 32P54x 
family of Pulse Detectors, and the SSI 32P4622 
Combo chip (Data Separator and Pulse Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The programmable electronic filter can be set to a filter 
cutoff frequency from 5 to 13 MHz (with no boost) for SSI 
32F8011 and 6 to 15 MHz for SSI 32F8012. 

Cutoff frequency programming can be established us­
ing either a current source fed into pin I FP whose output 
current is proportional to the SSI 32F8011/8012 output 
reference voltage VR, or by means of an external 
resistor tied from the output voltage reference pin VR to 
pin VFP. The former method is optimized using the SSI 
32D4661 TimeBaseGenerator,sincethecurrentsource 
into pin IFP is available at the DAC F output of the 
32D4661. Furthermore, the voltage reference input is 
supplied to pin VR3 of the 32D4661 by the reference 
voltage VR from the VR pin of the 32F8011/8012. This 
reference voltage is an internally generated bandgap 
reference, which typically varies less than 1% over 
supply voltage and temperature variation. 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value (< 10 kHz), is 
related to the current IVFP injected into pin IFP by the 
following formulas. 

SSI 32F8011 
Fe (ideal, in MHz)= 16.25•1FP = 16.25•1VFP•2.2/VR 

SSI 32F8012 
Fe (ideal, in MHz) = 18.75•1FP = 18.75•1VFP•2.2/VR 
where IFP and IVFP are in mA, 0.31 <IFP<0.8 mA, and 
VR is in volts. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 

3-12 

If the 32F8011/8012 cutoff frequency is set using volt­
age VR to bias up a resistor tied to pin VFP, the cutoff 
frequency is related to the resistor value by the following 
formulas. 

SSI 32F8011 
Fe (ideal, in MHz)= 16.25•1FP = 16.25•2.2/(3•Rx) 

SSI 32F8012 
Fe (ideal, in MHz)= 18.75•1FP = 18.75•2.2/(3•Rx) 
where Rx is in ohms, 0.917<Rx<2.366 k.Q. 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 

SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea­
ture. Applying an external voltage to pin VBP which is 
proportional to reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of. boost can be set by an external resistor 
divider network connected from pin VBP to pins VR and 
GND. No boost is applied if pin FBST, frequency boost 
enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fe is 
related to the voltage VBP by the formula 

FB (ideal, in dB)= 20 log1o[1.884(VBP/VR)+1 ), where 
O<VBP<VR. 
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SSI 32F8011 /8012 
Programmable 

Electronic Filter 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN, VIN DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 
VO_NORM 

VO_DIFF, DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 
VO_DIFF outputs should be AC coupled to the pulse detector. 

IFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFP, injected into this pin. IFP must be proportional to voltage VR. This current can 
be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 

VFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency can be set by programming 
a current through a resistor from VR to this pin. IFP should be left open when using this pin. 

VBP FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltage applied to this pin. VBP must be proportional to voltage VR. A fixed amount of boost 
can be set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logic low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. 

PW RON POWER ON. A high logic level or open circuit enables the chip. A low level puts the chip 
in a low power state. 

VR REFERENCE VOLTAGE. Internally generated reference voltage. 

VCC1, VCC2 +5 VOLT SUPPLY. 

GND1, GND2 GROUND 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATINGS UNIT 

Storage Temperature -65 to +150 oc 
Junction Operating Temperature, Tj +130 oc 
Supply Voltage, VCC1, VCC2 -0.5 to 7 v 
Voltage Applied to Inputs -0.5 to VCC + 0.5 v 
IFP, VFP Inputs Maximum Current* :;;1.2 mA 

• Exceeding this current may cause frequency programming lockup. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATINGS UNIT 

Supply voltage, VCC1, VCC2 4.5 < VCC1 ,2 < 5.50 v 
Ambient Temperature 0 <Ta< 70 oc 
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SSI 32F8011/8012 
Programmable 
Electronic Filter 

ELECTRICAL CHARACTERISTICS 

Power Supply Characteristics (Unless otherwise specHied, recommended operating conditions apply.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

ICC Power Supply Current PWRONS0.8V VBP-VR 14 17 mA 

VBP=OV 12 15 mA 

ICC Power Supply Current PWRON<:?:2.0V 67 80 mA 

DC Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VIH High Level Input Voltage TTL input 2.0 VCC+0.3 v 
VIL Low Level Input Voltage -0.3 0.8 v 
llH High Level Input Current VIH =2.7V 20 µA 

Ill Low Level Input Current VIL= 0.4V -1.5 mA 

Fiiter Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

FCA Filter f c Accuracy using VFP pin l32F8011 11.7 14.3 MHz 
Rx=0.917kn j 32F8012 13.5 16.5 MHz 

AO VO_NORM Diff Gain F = 0.67 fc, FB = 0 dB 0.8 1.20 VN 

AD VO_DIFF DHf Gain F = 0.67 fc, FB = 0 dB 0.8AO 1.0AO VN 

FBA Frequency Boost Accuracy VBP = VR @ fc = 5 MHz 8.5 9.5 10.5 dB 

TGDO Group Delay Variation fc = Max /c, VBP = ov -0.75 +0.75 ns 
Without Boosr F = 0.2 f c to f c 

TGDB Group Delay Variation fc = Max /c, VBP = VR -0.75 +0.75 ns 
With Boost• F = 0.2 I c to I c 

VIF Filter Input Dynamic Range THO= 1% max, F = 0.67 fc 1.5 Vpp 
(no boost) 

VOF Filter Output Dynamic Range THO= 1% max, F = 0.67 fc 1.5 Vpp 

RIN Filter DHf Input Resistance 3.0 kn 

CIN Filter Diff Input Capacitance* 7 pF 

EOUT Output Noise Voltage* BW = 100 MHz, Rs = 500, 5.5 6.8 mVRms 
DHferentiated Output 1/p = 0.8 mA, VBP = O.OV 

EOUT Output Noise Voltage• BW = 100 MHz, Rs= 500 2.5 3.6 mVRms 
Normal Output l/p = 0.8 mA, VBP = 0.0V 

EOUT Output Noise Voltage• BW = 100 MHz, Rs= 500 6.0 8.1 mVRms 
DHferentiated Output l/p = 0.8 mA, VBP = VR 

EOUT Output Noise Voltage• BW = 100 MHz, Rs= 500 3.25 4.4 mVRms 
Normal Output l/p = 0.8 mA, VBP = VR 

*.Not directly testable in production, design characteristic. 
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ELECTRICAL CHARACTERISTICS (continued) 

Fiiter Characteristics (continued) 

PARAMETER CONDITIONS 

10- Filter Output Sink Current 

10+ Filter Output Source Current 

MIN 

1.0 

2.0 

SSI 32F8011 /8012 
Programmable 

Electronic Filter 

NOM MAX UNITS 

mA 

mA 

RO Filter Output Resistance Source Current (10+) = 1 mA 60 Q 
Single ended 

Fiiter Control Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VR Reference Voltage Output 2.0 2.40 v 

lvR Reference Output 2.0 mA 
Source Current 

32F8011/8012 

GND1 1 16 VO_DIFF 

VO_NORM 2 15 VO_DIFF 

VO_NORM 3 14 PWR_ON 

VCC1 (+5V) 4 13 VR 

VIN 5 12 VCC2 (+5V) 
R. 

VIN 6 11 IFP 

VBP 7 10 VFP 

FBST 8 9 GND2 

RBP2 RBP1 

FIGURE 1: 32F8011/8012 Applications Setup, 16-Pln so or DIP 

VR = 2.2V 

VFP = 0.667 VR 

IVfp = 0.33VR/Rx 

IVfp range: 0.31 mA to 0.8 mA 
(5 MHz to 13 MHz for SSI 32F8011) 
(6 MHz to 15 MHz for SSI 32F8012) 

VFP is used when programming current is set with a resistor from VR. When VFP is used IFP must be left 
open. 
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SSI 32F8011 /8012 
Programmable 
Electronic Filter 

IN+ 

IN-

BYP 

AGC LEVEL 

FOUT 
To Data Sync 

DACI 
To Data Sync 

To Data Sync 

RD 
To Data Sync 

HYS 

FIGURE 2: Applications Setup, Constant Density Recording 
32F8011 /8012, 32P54X, 3204661 

IOF = DACF output current 

IOF = (0.98F•VR)/127Rx 

Rx= (0.98F•VR)/12710F 

Rx = current reference setting 
resistor 

VR = Voltage Reference = 2.2V 

F = DAC setting: 0-127 

Full scale, F = 127 

For range of Max /c then IFP = 0.8 mA 

Therefore, for Max programming current 
range to 0.8 mA: 

Rx= (0.98)(2.2/0.8) = 2.7 kQ 

Please note that in setups such as this where IFP is used for cutoff frequency programming VFP must be left 
open. 
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\ 
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fc = 10.4 MHz 

a) No Boost 
b) Max Boost 
c) Ideal Bessel Filter 

FIGURE 3: 32F8011/8012 Typical Group Delay Variation (Differentiated Output) 

Vi' 
I\ 

lai 

j]\I 

\ \I\ 

O.tOO 10 

Frequency (MHz) 

FIGURE 4: 32F8011/8012 Normal Low Pass 
Output Response (VO_NORM) 

a) fc = 5 MHz No Boost 
b) /c = 5 MHz Max Boost 
c) /c = 10 MHz No Boost 
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FIGURE 5: 32F8011/8012 Differented Low Pass 
Output Response (VO_DIFF) 

d) /c = 10 MHz Max Boost 
e) fc = 15 MHz No Boost 
f) fc = 15 MHz Max Boost 
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Electronic Filter 

~REF 
Qi 
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2.5 5.0 7.5 10.0 12.5 15.0 17.S 20.0 22.5 25.0 

Frequency (MHz) 

FIGURE 6: 32F8011/8012 Typical Group Delay Variation 
(Differentiated Output) Maximum Boost 

;: 1 K 
~ REF ------ ----- ------ ------ t------ -------- ------ es.-- ------- ------
s ~ c 

~ 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 

Frequency (MHz) 

FIGURE 7: 32F8011/8012 Typical Group Delay Variation 
(Differentiated Output) No Boost 
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a) Jc = 5 MHz (Ref= 80 ns) 
b) Jc= 10 MHz (Ref= 45 ns) 
c) Jc= 15 MHz (Ref= 35 ns) 

a) Jc= 5 MHz (Ref = 80 ns) 
b) Jc= 10 MHz (Ref= 45 ns) 
c) Jc= 15 MHz (Ref= 35 ns) 
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FIGURE 8: 32F8011/8012 Typical Group Delay Variation 
(Normal Low Pass Output) Maximum Boost 
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Frequency (MHz) 

FIGURE 9: 32F8011/8012 Typlcal Group Delay Variation 
(Normal Low Pass Output) No Boost 
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SSI 32F8011 /8012 
Programmable 

Electronic Filter 

a) /c = 5 MHz (Ref= 80 ns) 
b) /c = 10 MHz (Ref= 45 ns) 
c) /c = 15 MHz (Ref= 35 ns) 

a) /c = 5 MHz (Ref= 80 ns) 
b) /c = 10 MHz (Ref= 45 ns) 
c) /c = 15 MHz (Ref= 35 ns) 



SSI 32F8011 /8012 
Programmable 
Electronic Filter 

+2.94933 
INPUT S'+ 322597S + 2.94933 

-KS' 

s' + 3.22597S + 2.94933 

3.32507 4.20534 
S'+ 2.75939S+ 3.32507 S'+ 1.82081S + 4.20534 

Normalized for COc • (27t) /c m 1 

~ 
S+ 1.68536 

__ s_ 
S+ 1.68536 

AN and AD are adjusted for unity gain (0 dB) at F = 0.67 /c 
Denormalize the frequency by substituting S--> (S/27t/c) 
Eq for /c = 13 MHz, S =SI [(27t)(13• 106)] = S / 8.16814 7 

FIGURE 12: 32F8011/8012 Normalized Block Diagram 

TABLE 1: 32F8011/8012 Frequency Boost Calculations 

Assuming 9.2 dB boost for VBP = VR Boost VBPNR Boost 
1 dB 0.065 6dB 

VBP = ( 10<FB/20) )-1 2dB 0.137 7dB 

VR - 1.884 3dB 0.219 8dB 
4dB 0.310 9dB 
5dB 0.413 

or, VBPNR Boost VBPNR 

boost in dB: 20 log [1.884 c::) + 1] 
0.1 1.499 dB 0.6 
0.2 2.777 dB 0.7 
0.3 3.891 dB 0.8 
0.4 4.879 dB 0.9 
0.5 5.765 dB 1.0 

TABLE 2: Calculatlons 

Typical change in /-3 dB point Boost at fc f-3 dB/fc Boost atfc 
with boost OdB 1.0 5dB 

1 1.2 6 
2 1.47 7 
3 1.74 8 
4 1.95 9 

Notes: 1. f c is the original programmed cutoff frequency with no boost 
2. f-3 dB is the new -3 dB value with boost implemented 

i.e., /c = 5 MHz when boost = o dB 
if boost is programmed to 5 dB then f-3 dB= 10.65 MHz 
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VBPNR 
0.528 
0.658 
0.802 
0.965 

Boost 

6.569 dB 
7.305 dB 
7.984dB 
8.613dB 
9.200dB 

f-3 dB/fc 

2.13 
2.28 
2.41 
2.53 
2.65 
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PIN DIAGRAM 
(Top View) 

GND1 

VO_NORM 2 

VO_NORM 3 

VCC1 4 

VIN 5 

VIN 6 

VBP 7 

FBST 8 

16 VO_DIFF 

15 VO_DIFF 

14 PW RON 

13 VR 

12 VCC2 

11 IFP 

10 VFP 

9 GND2 

16-pln DIP, SON, SOL 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32F8011 

16-lead SON (150 mil) 

16-lead SOL (300 mil) 

16-pin PDIP 

SSl32F8012 

16-lead SON (150 mil) 

16-lead SOL (300 mil) 

16-pin PDIP 

SSI 32F8011 /8012 
Programmable 

Electronic Filter 

Thermal Characteristics: 9jA 

16-lead SON (150 mil) 105° C/W 

16-lead SOL (300 mil) 100° C/W 

16-lead PDIP 170° C/W 

ORDER NO. PKG.MARK 

32F8011-CN 32F8011-CN 

32F8011-CL 32F8011-CL 

32F8011-CP 32F8011-CP 

32F8012-CN 32F8012-CN 

32F8012-CL 32F8012-CL 

32F8012-CP 32F8012-CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1191 - rev. 3-21 ©1989 Silicon Systems, Inc. 
Patent Nos. (497,863) (500,778) (516,717) 
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SSI 32F8020/8022 
Low-Power Programmable 

Electronic Filter 

December 1991 

DESCRIPTION FEATURES 
The SSI 32F8020/8022 Programmable Electronic Filter 
provides an electronically controlled low-pass filter 
wtth a separate differentiated low-pass output. A seven­
pole, .05° Equiripple-type linear phase, low-pass filter 
is provided along with a single-pole, single-zero 
differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of 
programmed equalization or bandwidth. This 
programability combined with low group delay variation 
makes the SSI 32F8020/8022 ideal for use in constant 
density recording applications. Double differentiation 
pulse slimming equalization is accomplished by a two­
pole, low-pass with a two-pole. high-pass feed forward 
section to provide complimentary real axis zeros. A 
variable attenuator is used to program the zero locations. 

The SSI 32F8020/8022 programmable equalization 
and bandwidth characteristics can be controlled by 
external DACs or DACs provided in the SSI 32D4661 
time base generator. Fixed characteristics are easily 
accomplished with three external resistors.For the SSI 
32F8020, equalization can be switched in or out by a 
logic signal.The input impedance of the SSI 32F8022 
can be clamped low for fast recovery from input over­
load. 

The SSI 32F8020/8022 requires only a +5V supply and 
is available in 16-pin DIP, SON, and SOL packages. 

BLOCK DIAGRAM 

• 

• 

• 

• 

• 
• 
• 

• 
• 
• 
• 

VIN+ r Low Pass !',#!,, Summer ll ~ Low Pass tf Filter ~ 
VO_NORM+ 

VIN· 

VBP 

FBST/U 

IFI 

IFO 

1291 - rev. 
Patent Pending 

~ 
r 

Filter 1$( 
''''''°' f:{':'T 

High Pass Hi' Variable 
Filter f¥· Atten. 

Filter 
Control 

I GND1 GND2 VCC t' ~ ~ 

VO_NORM-

:'}':,,nr:::{'::,::,: 

ill High Pass ~ VO_DIFF+ 
Filter VO_DIFF-

VREF ~ VR 

,:,:::'''''':{:: 

PTAT 
~ RX 

REF 

BIAS t9 PWRON 
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Ideal for constant density recording 
appllcatlons 

Programmable filter cutoff frequency 
(fc = 1.5 to 8 MHz) 

Programmable pulse sllmmlng equalizatlon 
(Oto 9 dB boost at the fllter cutoff frequency) 

Matched normal and differentiated low-pass 
outputs 

Dlfferentlal fllter Input and outputs 

±10% cutoff frequency accuracy 

±2% maximum group delay variation from 
1.5·8MHz 

Total harmonic distortion less than 1% 

No external filter components required 

+SV only operation 

16-pin DIP, SON, and SOL package 

PIN DIAGRAM 

N/C 16 VO_DIFF-

VO_NORM- 2 15 VO_DIFF+ 

VO_NORM+ 3 14 PWRON 

13 VR 

VIN- 5 12 RX 

VIN+ 6 11 IFO 

VBP 7 10 IFI 

FBST/[Z s* 9 GND 

•Pin 8 = FBST - SSI 32FB020 
LZ - SSI 32FB022 

CAUTION: Use handling procedures necessary 
for a static sensitive COl'Jl)Onent. 



SSI 32F8020/8022 
Low-Power Programmable 
Electronic Filter 

FUNCTIONAL DESCRIPTION 

The SSI 32F8020/8022 is a high performance pro­
grammable electronic filter. It features a 7-pole 0.05° 
phase equiripple filter with matched normal and differ­
entiated outputs. The device has been optimized for 
usage with several Silicon Systems products, including 
the SSI 3204661 Time Base Generator, the SSI 32P54X 
family pulse detectors, and the SSI 32P4622 combo 
chip (Data Separator and Pulse Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, fc, of the SSI 32F8020/8022 is 
defined as the -3dB filter bandwidth with no magnitude 
equalization applied, and is programmable from 1.5 
MHz to 8 MHz. 

The cutoff frequency is programmable with 3 pins: RX, 
IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 

IFO= O. 75 atT =27°C 
RX 

I Fl should be made proportional to IFO for temperature 
stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as follows: 

fc(MHz)=8x..!.!2.x~ 
IFO Rx(k.Q) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re-

duces to: fc(MHz)=8x~ 
Rx(kil) 

For programmable cutoff frequency, an external cur­
rent DAG can be used. The IFO should be the refer­
ence current into the DAC. The DAG output current 
drives IFI, which is then proportional to IFO. The DACF 
in the SSI 32D4661 Time Base Generator is designed 
to control fc of the Silicon Systems programmable 
filters. When the DACF, which has a4X currentfrom its 
reference to full scale output is used, a 5-kn RX is 
used. The fc is then given as follows: 

fc(MHz)=8X F Code 
127 

where F _Code is the decimal code equivalent to the 7-
bit digital input for the DACF. 
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MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff fre­
quency relative to the original -3 dB point. For example, 
when 9 dB boost is applied, the magnitude response 
peaks up 6 dB above the DC gain. 

The magnitude equalization is programmable with two 
pins: VR and VBP. The VR is a bandgap reference 
voltage, 2.2 V typically. The voltage at the VBP pin 
determines the amount of high frequency boost. The 
boost function is as follows: 

VBP 
Boost(dB)=201og10 [1.884( VR )+1] 

For a fixed boost setting, a resistor divider between VR 
to ground can be used with the divided voltage at the 
VBP pin. For programmable equalization, an external 
voltage DAG can be used. VR should be the reference 
voltage to the DAG. The DAG output voltage is then 
proportional to VR. The DACS in the SSI 32D4661 is 
designed to control the magnitude equalization of 
Silicon Systems programmable filters. When DACS is 
used, the boost relation then reduces to: 

Boost(dB)=201og10 [1.884(s_ Code)+ 11 
127 

where S_ Code is the decimal code equivalent to the 7-
bit digital input for the DACS. 

For the SSI 32F8020, the equalization function can be 
disabled when FBST is pulled to logic 0. For the SSI 
32F8022, the VBP pin should be grounded to achieve 
O dB boost. 

LOW INPUT IMPEDANCE (SSI 32F8022 only) 

When the LZ is at logic 1 or left open, the SSI 32F8022 
input is at high impedance state. When the LZ is pulled 
to logic 0, the SSI 32F8022 input is clamped to a low 
impedance state, 200 n typical. 

POWER ON/OFF 

The SSI 32F8020/8022 supports a power down mode 
for minimal idle dissipation. When PWRON is pulled up 
to logic 1, the device is in normal operation mode. 
When PWRON is pulled down to logic 0, or left open, 
the device is in the power down mode. 

1291 - rev. 



SSI 32F8020/8022 
Low-Power Programmable 

Electronic Filter 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to 
VO_NORM- load. 

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled 
VO_DIFF- to load. 

RX PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 
reference current IFO is equivalent to the current set on this pin. 

IFO PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFI. 

IFI FREQUENCY PROGRAM INPUT. The filter cutoff frequency fc, is set by an external 
current IFI, injected into this pin. IFI must be proportional to current IFO. This current can 
be set with an external current generator such as a DAC, referenced to IFO. 

VBP FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by an 
external voltage applied to this pin. VBP must be proportional to voltage VA. A fixed 
amount of boost can be set by an external resistor divider network connected from VBP to 
VA and GND. No boost is applied if the FBST pin is grounded, or at logic low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
(32F8020 only) circuitry. No boost is applied if the FBST pin is grounded, or at logic low. 

LZ LOW IMPEDANCE MODE. With a low logic level, the analog input impedance is switched 
(32F8022 only) low for fast recovery from input overload. With a high logic level or left open, the input is at 

high impedance state. 

PWRON POWER ON. A high logic level circuit enables the chip. A low level puts the chip in a low 
power state. A low or open circuit disables the chip. 

VA REFERENCE VOLTAGE. Internally generated reference voltage. 

vcc +5 VOLT SUPPLY. 

GND GROUND 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATINGS UNIT 

Storage Temperature -65 to +150 oc 
Junction Operating Temperature, Tj +130 oc 
Supply Voltage, VCC -0.5 to 7 v 
Voltage Applied to Inputs -0.5to VCC v 
Maximum Power Dissipation, /c = 8 MHz, Vee= 5.5V 226 mW 

1291 - rev. 3-25 



SSI 32F8020/8022 
Low-Power Programmable 
Electronic Filter 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Supply voltage, VCC 

Ambient Temperature 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS 

Power Supply Characteristics 

ICC Power Supply Current PWRON=0.8V 

ICC Power Supply Current PWRON~2.2V 

PD Power Dissipation PWRON ~ 2.2V VCC = 5.0V 

PWRON ~ 2.2V, VCC = 5.5V 

DC Characteristics 

VIH High Level Input Voltage TTL input 

VIL Low Level Input Voltage 

llH High Level Input Current VIH = 2.7V 

Ill Low Level Input Current VIL= 0.4V 

Filter Characteristics 

/c Filter Cutoff Frequency Rx= 5k.Q 

fc= (ideal)8MHz•~ 
41FO 

FCA Filter f c Accuracy /c (nominal) = 8 MHz 

AO VO_NORM Diff Gain F = 0.67 /c, FB = 0 dB 

AD VO_DIFF Diff Gain F = 0.67 /c, FB = 0 dB 

FB Frequency Boost at /c 
FB(db)=20 log [taa4(~;)+1] 
VBP= VR 

FBA Frequency Boost Accuracy FB (ideal)= 9.0 dB 

TGDO Group Delay Variation /c = 8 MHz, VBP = OV 
Without Boost F = 0.2 /c to /c 

/c = 1.5 MHz - 8 MHz 
F = 0.2 f c to f c, VBP = OV 

TGDB Group Delay Variation fc = 8 MHz, VBP = VR 
With Boost F = 0.2 fc to fc 

Jc= 1.5 MHz - 8 MHz 
F = 0.2 f c to f c, VBP = VR 
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RATINGS UNIT 

4.50 < vcc < 5.50 v 
0 <Ta< 70 oc 

MIN NOM MAX UNITS 

3 mA 

35 41 mA 

175 205 mW 

193 226 mW 

2.0 v 
0.8 v 
20 µA 

-1.5 mA 

1.5 8.0 MHz 

-10 +10 % 

0.8 0.9 1.0 VN 

0.8AO 1.2AO VIV 

9.2 dB 

-1 +1 dB 

-1.3 +1.3 ns 

-2 +2 % 

-1.3 +1.3 ns 

-2 +2 % 

1291 - rev. 
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SSI 32F8020/8022 
Low-Power Programmable 

Electronic Filter 

ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Filter Characteristics, continued 

VIF Filter Input Dynamic Range THD = 1% max, F = 0.67 fc 1.0 Vpp 

VOF Filter Output Dynamic THD = 1% max, F = 0.67 fc 1.0 Vpp 
Range 

VIF Filter Input Dynamic Range THD = 3% max, F = 0.67 fc 2.0 Vpp 

VOF Filter Output Dynamic THD = 3% max, F = 0.67 fc 2.0 Vpp 
Range 

RIN Filter Diff Input Resistance 32F8020 3.0 kn 
32F8022 LZ = 1 

32F8022 LZ = 0 200 n 

CIN Filter Input Capacitance 7 pF 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 6.3 7.S mVRms 
Differentiated Output fc = 8 MHz, VBP = O.OV 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 2.7 4.0 mVRms 
Normal Output f c = 8 MHz, VBP = 0.0V 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 9.4 11.0 mVRms 
Differentiated Output fc = 8 MHz, VBP = VA 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 3.7 4.S mVRms 
Normal Output fc = 8 MHz, VBP =VA 

10- Filter Output Sink Current 1.0 mA 

10+ Filter Output Source 2.0 mA 
Current 

RO Filter Output Resistance 10+= 1.0 mA 60 n 
(Single ended) 

Filter Control Characteristics 

VR Reference Voltage 2.0 2.40 v 
VBP Frequency Boost Control VA= 2.2V 0 2.2 v 

Voltage Range FBOOST = 0 to 9.2 dB 

VAX PT AT Reference Current TA= 2S°C 7SO mV 
Set Output Voltage IRX = 0 - 0.6 mA 

Rx> 1.2S kn 

IFO PTAT Reference Current, TA= 2s0 c 0.11 0.6 mA 
Output Current Range 1.2S kn< Rx< 6.8 kn 

IFO =VAX/Rx 
VRX=7SO mV 

RIFO IFO Output Impedance so kn 

VIFO IFO Voltage Compliance 0 Vcc-1 v 
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SSI 32F8020/8022 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL CHARACTERISTICS, (Continued) 

Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX 

Filter Control Characteristics (continued) 

IFI 

RIFI 

VIFI 

PTAT Programming TA= 25°C, VAX= 750 mV 0.11 
Current Range 

IFI Input Impedance 

IFI Voltage Compliance 

32F8020/22 

N/C 
VO_NORM 

VO_NORM 

VCC (+5V) 
VIN 

VIN 

VBP 

VR = 2.2V 

VAX = 750 mV @25°C 

IFO =VAX/Rx 

2 

3 

4 

5 

6 

7 

8 

IFI range: 0.11 mA to 0.60 mA @25°C 

(1.5 to 8 MHz NO BOOST) 

16 

15 

14 

13 

12 

11 

9 

1.0 

0.5 

RX~ IFO 
IFI R, 

GND = RBPt 

Fixed frequency programming is accomplished as shown in the drawing above. 
In this case IFI (programming current) is equivalentto IFO (reference current). 
Programming current is then set by VAX/Rx. 

where: fc = 8.0 MHz then 

IFI = IFO = 0.60 mA @25°C 

Rx = 750 mV/0.60 mA = 1.25 kn 

FIGURE 1: 32F8020/8022 Applications Setup 
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0.6 

2.5 

2.5 

UNITS 

mA 

kn 

v 
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IN+ 

IN-

BVP 

AGC 

SSI 32F8020/8022 
Low-Power Programmable 

Electronic Filter 

LEVEL 

VR= 2.2V 

VRX = 750 mV @25°C 

IFO= VRX/Rx 

HYS 

IFI range: 0.11 mA to 0.60 mA @25°C 

(1.5to 8 MHz NO BOOST) 

RD 
To Data Sync 

In this case the IFI (programming current) is scaled from IFO (reference 
current) through DACF on the 3204661. DACF has a current gain of 4; 
therefore, the reference current should be set to 25% of the maximum desired 
IFI (programming current). 

where: fc (max) = 8.0 MHZ then 

IFI (max) = 0.60 mA @25°C 

IFO (max)= 0.15 mA 

therefore Rx = 750 mV/0.15 mA = 5 kn 

FIGURE 2: Applications Setup, Constant Density Recording 
32F8020/8022, 32P54X, 3204661 
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To Data Sync 



SSI 32F8020/8022 
Low-Power Programmable 
Electronic Filter 

1.31703 2.95139 5.37034 
INPUT 

s 2 + s 1.68495 + 1.31703 s2+ s 1.54203 + 2.95139 s2+ s 1.4558 + 5.37034 

s2+ s 1.68495 + 1.31103 

Normalized for roe= (2it) fc = 1 

0.86133 

S+0.86133 

s 
S+0.86133 

AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S--> (S/2nfc) 
Eq for fc = 8.0 MHz, S = SI [(2it){8 x 10°)] 

FIGURE 3: 32F8020/8022 Normalized Block Diagram 

TABLE 1: 32F8020/8022 Frequency Boost Calculations 

Assuming 9.2 dB boost for VBP = VR Boost VBPNR 

1 dB 0.065 

2dB 0.137 

3dB 0.219 

( 10(FB/20) )-1 
4dB 0.310 

VBP_ 5dB 0.413 
VR 1.884 6dB 0.528 

7dB 0.658 

8dB 0.802 

9dB 0.965 

or, VBPNR Boost 

0.1 1.499 dB 

0.2 2.777 dB 

0.3 3.891 dB 

boost in dB= 20 log [ 1.884 ( ';,,8:) + 1] 
0.4 4.879 dB 

0.5 5.765 dB 

0.6 6.569 dB 

0.7 7.305 dB 

0.8 7.984 dB 

0.9 8.613 dB 

1.0 9.200 dB 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

N/C 

VO_NORM-

VO_NORM+ 

vcc 

VIN-

VIN+ 

VBP 

FBST/LZ 

•Pin 8 = 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

a* 9 

SSI 32F8020/8022 
Low-Power Programmable 

Electronic Filter 

VO_DIFF-

VO_DIFF+ 

PWRON 

VR 

RX 

IFO 

IFI 

GND 

FBST - SSI 32F8020 
LZ - SSI 32F8022 

32F8020/8022 
16-pln DIP, SON, SOL 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 32F8020 

Standard Width 16-Pin Plastic Dip 32F8020-CP 32F8020-CP 

Narrow Width (150 Mil.) Small Outline 32F8020-CN 32F8020-CN 

Large Width (300 Mil.) Small Outline 32F8020-CL 32F8020-CL 

SSI 32F8022 

Standard Width 16-Pin Plastic Dip 32F8022-CP 32F8022-CP 

Narrow Width (150 Mil.) Small Outline 32F8022-CN 32F8022-CN 
Large Width (300 Mil.) Small Outline 32F8022-CL 32F8022-CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1291 - rev. 3-31 ©1990 Silicon Systems, Inc. 
Patent Pending - (497,863), (500, 778) 
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_,,(. 1A4,.,. r SSI 32F8021 /8023 
JiJicon~rJl!fflJ ® Low-Power Programmable 

A TDK Group company Electronic Filter 

_________________ 1p1911;.11;n1n.meL 
DESCRIPTION 

The SSI 32F8021/8023 Programmable Electronic Filter 
provides an electronically controlled low-pass filter. A 
seven-pole, .05° Equiripple-type linear phase, low­
pass filter is provided. This programability combined 
with low group delay variation makes the SSI 32F8021 I 
8023 ideal for use in constant density recording 
applications. Double differentiation pulse slimming 
equalization is accomplished by a two-pole, low-pass 
with a two-pole, high-pass feed forward section to 
provide complimentary real axis zeros. A variable 
attenuator is used to program the zero locations. 

The SSI 32F8021/8023 programmable equalization 
and bandwidth characteristics are controlled by exter­
nal DACs. The circuit is optimized to be used with the 
SSI 32P4620 and 54x series pulse detectors. 

The 32F8023 is the same as the 8021, but with a low 
impedance switch instead of the frequency boost en­
able pin. 

The SSI 32F8021 /8023 requires only a +5V supply and 
is available in 16-pin DIP, SON, and SOL packages. 

VIN+ 
VIN-

VBP 

FBST 

IFC 

IFO 

1191 - rev. 

Patent Pending 

BLOCK DIAGRAM 

Low Pass Summer 
Filter 

High Pass Variable 
Filter Atten. 

Filter 
Control 

GND vcc 
-=-

Low Pass 
Filter 

VREF 

PTAT 
REF 

BIAS 
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November 1991 

FEATURES 

• Ideal for constant density recording 

II applications 

• Programmable filter cutoff frequency 
(fc = 1.5 to 8 MHz) 

• Programmable pulse slimming equalization 
(0 to 9 dB boost at the filter cutoff frequency) 

• Differential filter Input and outputs 

• ±10% cutoff frequency accuracy 

• ±2% maximum group delay variation from 
1.5- 8 MHz 

• Total harmonic distortion less than 1% 

• No external filter components required 

• +5V only operation 

• 16-pln DIP, SON, and SOL package 

PIN DIAGRAM 

VO_NORM+ 
N/C 16 N/C 

VO_NORM- VO_NORM- 2 15 N/C 

VO_NORM+ 3 14 PW RON 

vcc 4 13 VR 

VIN- 5 12 RX 

VR 
VIN+ 6 11 IFO 

VBP 7 10 IFC 

LOWZ/FBST 8 9 GND 
(8023) (8021) 

RX 

PWRON 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32F8021 /8023 
Low-Power Programmable 
Electronic Filter 

PIN DESCRIPTIONS 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to 
VO_NORM- the pulse detector. 

IFC FREQUENCY PROGRAM CONTROL. The filter cutoff frequency FC, is set by an external 
current sink, from this pin. IFC must be proportional to current IFO. This current can be 
set with an external current generator such as a DAC, referenced to IFO. 

IFO PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFC. IFO is proportional to absolute 
temperature (PTAT). 

RX PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 
reference current IFO is equivalent to the current set on this pen. 

VBP FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by an 
external voltage applied to this pin. VBP must be proportional to voltage VR. A fixed 
amount of boost can be set by an external resistor divider network connected from VBP to 
VA and GND. No boost is applied if the FBST pin is grounded, or at logic low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry (32F8021 only). 

LOWZ A high logic level or open input selects the high-impedance mode, at VIN±, a low-logic level 
selects the low impedance input state (32F8023 only). 

PWRON POWER ON. A high logic level enables the chip. A low level puts the chip in a low power 
state. A low or open circuit disables the chip. 

VR REFERENCE VOLTAGE. Internally generated reference voltage. 

vcc +5 VOLT SUPPLY. 

GND GROUND 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATINGS UNIT 

Storage Temperature -65 to +150 oc 
Junction Operating Temperature, Tj +130 oc 
Supply Voltage, VCC -0.5 to 7 v 
Voltage Applied to Inputs -0.5 to VCC v 
Maximum Power Dissipation, fc = 8 MHz, Vee = 5.5V 198 mW 
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SSI 32F8021 /8023 
Low-Power Programmable 

Electronic Filter 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATINGS UNIT 

Supply voltage, VCC 4.5 < vcc < 5.50 v 
Ambient Temperature Range 0 <Ta< 70 oc 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Power Supply Characteristics 

ICC, Power Supply Current PWRON =a.av 0.5 mA 

ICC, Power Supply Current PWRON::::2.2V 26 32 mA 

PD Power Dissipation PWRON;:: 2.2V, VCC = 5.0V 130 160 mW 

PWRON;:: 2.2V, VCC = 5.5V 143 176 mW 

DC Characteristics 

VIH High Level Input Voltage TILinput 2.0 v 

VIL Low Level Input Voltage 0.8 v 

llH High Level Input Current VIH = 2.7V 20 µA 

Ill Low Level Input Current VIL= 0.4V -1.5 mA 

Filter Characteristics 

Jc Filter Cutoff Frequency Rx= 5 kn 1.5 8.0 MHz 
IFC 

fc= 8.0 MHz x 4 IFO 

FCA Filter Jc Accuracy Jc= 8 MHz -10 +10 % 

AO VO_NORM Diff Gain F = 0.67 Jc, FB = 0 dB 0.8 1.2 VN 

FB Frequency Boost at Jc 
FB(dB)=20 log [tss4(~B:)+1] 9.2 dB 

VBP = VR 

FBA Frequency Boost Accuracy FB = 9.0 dB -1 +1 dB 

TGDO Group Delay Variation Jc = 8 MHz, VBP = OV -1.3 +1.3 ns 
Without Boost F = 0.2 Jc to Jc 

Jc = 1.5 MHz - 8 MHz -2 +2 % 
F = 0.2 Jc to Jc, VBP=OV 

1191 - rev. 3-35 

II 



SSI 32F8021 /8023 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL CHARACTERISTICS, (Continued) 

Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS 

Filter Characteristics, continued 

TGDB Group Delay Variation f c = 8 MHz, VBP = VA 

With Boost F = 0.2 fc to fc 
f c = 1.S MHz - 8 MHz 

F = 0.2 fc to fc, VBP=VR 

VIF Filter Input Dynamic Range THO= 1% max, F = 0.67 fc 
VOF Filter Output Dynamic Range THO= 1% max, F = 0.67 fc 
VIF Filter Input Dynamic Range THO = 3% max, F = 0.67 fc 
VOF Filter Output Dynamic Range THO= 3% max, F = 0.67 fc 
RIN Filter Diff Input Resistance LOWZ = h.!g_h or open 

LOWZ= low 

CIN Filter Input Capacitance 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 
Normal Output IFC = 0.6 mA, VBP =VA 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 
Normal Output IFC = 0.6 mA, VBP = O.OV 

10- Filter Output Sink Current 

10+ Filter Ou!P~t Source Current 

RO Filter Output Resistance 10+ = 1.0 mA 
J_Sil}g!e endedl 

Filter Control Characteristics 

VA Reference Voltage 

VBP Frequency Boost Control VA= 2.2V 
Volt'!2.e Raf!g_e FBOOST = 0 to 9.2 dB 

VAX PTAT Reference Current TA= 2s0c 
Set Output Voltage IRX = 0 - 0.6 mA 

Rx> 1.2S kn 

IFO PTAT Reference Current, TA= 2s0c 
Output Current Range 1 .2S kQ < Rx < 6.8 kQ 

IFO =VAX/Rx 
VAX= 7SO mV 

IFC PTAT Programming TA= 2S°C, VAX= 7SO mV 
Current Range 

TIMING CHARACTERISTICS 

PARAMETER CONDITIONS 

Transition to/from LOWZ (8023) 

Transition to Idle Mode PWRON switches from hl9_h to low 

Transition from Idle Mode PWRON switches from low to high 

3-36 

MIN NOM MAX UNITS 

-1.3 +1.3 ns 

-2 +2 % 

1.0 Vpp 

1.0 Vpp 

2.0 Vpp 

2.0 Vpp 

3.0 4.0 kn 

1SO 300 n 
7 pF 

4.1 mVRms 

2.7 mVRms 

1.0 mA 

2.0 mA 

60 n 

2.0 2.40 v 
0 2.2 v 

7SO mV 

0.11 0.6 mA 

0.11 0.6 mA 

MIN NOM MAX UNITS 

TBD ns 

TBD ns 

TBD µs 

1191 - rev. 



1191 ·rev. 

BANDGAP 

Rx 

Rx 

VRX = 750 mv @25°C 

IRX = IFO 

IFO 

ISET 

EXTERNAL DEVICES 

SSI 32F8021 /8023 
Low-Power Programmable 

Electronic Filter 

IFC 

IFC programming range: 0.11 mA to 0.60 mA @25°C 
(1.5 to 8.0 MHz: No Boost) 

The IFC (programming current) is scaled from IFO (reference current) by the 
set-up shown above. Assuming the DAC current gain =8.0, then programming 
is accomplished as follows: 

MAX programming current required: IFC = 0.6 mA (/c = 8.0 MHz) @25°C 

IFO = IFC/8 = 0.075 mA (MAX) @25°C 

IRX = IFO 

IRX = 750mV/Rx @25°C 

Rx= 10 kil 

FIGURE 1: 32F8021/8023 Frequency Programming 
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SSI 32F8021 /8023 
Low-Power Programmable 
Electronic Filter 

1.31703 
INPUT 

s2 + s, .68495 + 1.31703 

s2+ s 1.68495 + 1.31103 

2.95139 5.37034 

s 2 + s 1.54203 + 2.95139 s2 + s 1 .4558 + 5.37034 

Normalized for COc = (2it) fc = 1 
AN is adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S--> (S/2nfc) 
Eq for fc = 8.0 MHz, S =SI [(2it)(8 x 106)] 

0.86133 

s +0.86133 

FIGURE 2: 32F8021/8023 Normalized Block Diagram 

TABLE 1 : 32F8011 Frequency Boost Calculations 

Assuming 9.2 dB boost for VBP =VA Boost VBPNR 

1 dB 0.065 

2 dB 0.137 

3dB 0.219 

4dB 0.310 

VBP _ (1 o<FB/20l) -1 5dB 0.413 

VR = 1.884 6dB 0.528 

7dB 0.658 

8 dB 0.802 

9 dB 0.965 

or, VBPNR Boost 

0.1 1.499 dB 

0.2 2.777 dB 

0.3 3.891 dB 

boost in dB= 201og [1.884( VvB: )+ 1] 
0.4 4.879 dB 

0.5 5.765 dB 

0.6 6.569 dB 

0.7 7.305 dB 

0.8 7.984 dB 

0.9 8.613 dB 

1.0 9.200 dB 
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PIN DIAGRAM 
(Top View) 

N/C 

VO_NORM-

VO_NORM+ 

vcc 

VIN-

VIN+ 

VBP 

LOWZ/ FBST 
(8023) (8021) 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

32F8021 /8023 

SSI 32F8021 /8023 
Low-Power Programmable 

Electronic Filter 

N/C 

N/C 

PW RON 

VR 

RX 

IFO 

IFC 

GND 

16-pln DIP, SON, SOL 

ORDERING INFORMATION 

PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 

SSI 32F8021 Low-Power Programmable Electronic Filter 

16-Lead SON (150 mil) 32F8021-CN 32F8021 

16-Lead SOL (300 mil) 32F8021-CL 32F8021 

16-Lead PDIP 32F8021-CP 32F8021-CP 

SSI 32F8023 Low-Power Programmable Electronic Filter 

16-Lead SON (150 mil) 32F8023-CN 32F8023 

16-Lead SOL (300 mil) 32F8023-CL 32F8023 

16-Lead PDIP 32F8023-CP 32F8023-CP 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1191 - rev. 3-39 ©1990 Silicon Systems, Inc. 
Patent Pending 
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VIN 

W1 

VBP 

IFP 

VFP 

FBST 

DESCRIPTION 
The SSI 32F8030 Programmable Electronic Filter pro­
vides an electronically controlled low-pass filter with a 
separate differentiated low-pass output. A seven­
pole, 0.05° Equiripple-type linear phase, low-pass 
filter is provided along with a single-pole, single-zero 
differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of pro­
grammed high frequency peaking (boost) or band­
width. This programability, combined with low group 
delay variation makes the SSI 32F8030 ideal for use in 
many applications. Double differentiation high fre­
quency boost is accomplished by a two-pole, low­
pass with a two-pole, high-pass feed forward section 
to provide complementary real axis zeros. A variable 
attenuator is used to program the zero locations, which 
controls the amount of boost. 

The SSI 32F8030 programmable boost and bandwidth 
characteristics can be controlled by external DACs or 
DACs provided in the SSI 32D4661 Time Base Gen­
erator. Fixed characteristics are easily accomplished 
with three external resistors, in addition boost can be 
switched in or out by a logic signal. 

The SSI 32F8030 requires only a +5V supply and is 
available in 16-pin DIP, SON, and SOL packages. 

BLOCK DIAGRAM 
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SSl32F8030 
Programmable 

Electronic Filter 

g Pk' "di mt.1 I; .nu t.1 '' 
November 1991 

FEATURES 

• Ideal for: 

• 

• 

• 

• 

• constant density recording applications 
• magnetic tape recording 

Programmable fitter cutoff frequency 
(/c = 250 kHz to 2.5 MHz) 

Programmable high frequency peaking 
(0 to 9 dB boost at the fitter cutoff frequency) 

Matched normal and differentiated low-pass 
outputs 

Differential filter input and outputs 

• ±3.0% group delay variation from 
0.2 /c to fc = 2.5 MHz 

• Total harmonic distortion less than 1% 

• +5V only operation 

• 16-pln DIP, SON, and SOL packages 

• 5 mW Idle mode 

PIN DIAGRAM 

VO_NORM 

VO"_~ 

VO_DIFF 

VC5_UIIT 

VR 

PWRON 

GND1 16 VO_DIFF 

VO_NORM 2 15 VO_DIFF 

VO_NORM 3 14 PWRON 

VCC1 4 13 VR 

Viiii 5 12 VCC2 

VIN 6 11 IFP 

VBP 7 10 VFP 

FBST 8 9 GND2 

CAUTION: Use handling procedures necessary 
for a atatlc senshiYe coq>onent. 



SSl32F8030 
Programmable 
Electronic Filter 

FUNCTIONAL DESCRIPTION 

The SSI 32F8030, a high performance programmable 
electronic filter, provides a low pass 0.05° Equiripple­
type linear phase seven pole filter with matched normal 
and differentiated outputs. The device has been opti­
mized for usage with several Silicon Systems prod­
ucts, including the SSI 32D4661 Time Base Generator, 
the SSI 32P54x family of Pulse Detectors, and the SSI 
32P4622 and 32P4720 Combo chips (Data Separator 
and Pulse Detector). 

CUTOFF FREQUENCY PROGRAMMING 

The SSI 32F8030 programmable electronic filter can 
be set to a filter cutoff frequency from 250 kHz to 2.5 
MHz (with no boost). 

Cutoff frequency programming can be establisheo 
using either a current source fed into the IFP pin, whose 
output current is proportional to the SSI 32F8030 
output reference voltage VR, or by means of an exter­
nal resistor tied from the output voltage reference pin 
VR to pin VFP. The former method is optimized using 
the SSI 32D4661 Time Base Generator, since the 
current source into pin IFP is available at the DAC F 
output of the 32D4661. Furthermore, the voltage 
reference input is supplied to pin VR3 of the 32D4661 
by the reference voltage VR from the VR pin of the 
32F8030. This reference voltage is an internally gen­
erated bandgap reference, which typically varies less 
than 1 % over voltage supply and temperature varia­
tion. (For the calculations below IVFP =current into IFP 
Qr VFP pins). 

The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value ( < 1 OkHz)., is 
related to the current IVFP injected into pin IFP by the 
formula 

Fe (ideal, in MHz) = 3.125•1FP = 3.125•1VFP•2.2/VR, 
where IFP and IVFP are in mA, 0.08<1FP<0.8 mA, and 
VR is in volts. 

If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 

If the 32F8030 cutoff frequency is set using voltage VR 
to bias up a resistor tied to pin VFP, the cutofffrequency 
is related to the resistor value by the formula 

Fe (ideal, in MHz)= 3.125•1FP = 3.125•2.2/(3•Rx) 
where Rx is in ohms, & 0.917 kn <RX<9.17 kil. 

If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 

3-42 

SLIMMER HIGH FREQUENCY BOOST PROGRAM­
MING 

The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea­
ture. Applying an external voltage to pin VBP which is 
proportionalto reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of boost can be set by an external resistor 
dividernetwork connected from pin VBP to pins VR and 
GND. No boost is applied if pin FBST, frequency boost 
enable, is at a low logic level. 

The amount of boost FB at the cutoff frequency Fe is 
related to the voltage VBP by the formula 

FB (ideal, in dB)= 20 log1o[1.884(VBP/VR)+1 ), where 
O<VBP<VR. 
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SSI 32F8030 
Programmable 

Electronic Filter 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN, VIN DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 
VO_NORM 

VO_DIFF, DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 
VO_DIFF outputs should be AC coupled to the pulse detector. 

IFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFP, injected into this pin. IFP must be proportional to voltage VR. This current can 
be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 

VFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency can be set by programming 
a current through a resistor from VR to this pin. IFP should be left open when using this pin. 

VBP FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltage applied to this pin. VBP must beproportionalto voltage VR. Afixed amount of boost 
can be set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logic low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. 

PWRON POWER ON. A high logic level enables the chip. A low level puts the chip in a low power 
state. 

VR REFERENCE VOLTAGE. Internally generated reference voltage. 

VCC1, VCC2 +5 VOLT SUPPLY. 

GND1, GND2 GROUND 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
0 abo ,,:>_erat1on d h d . ve maximum ratings m~ am~e t e ev1ce. 

PARAMETER RATINGS UNIT 

Storage Temperature -65 to +150 oc 
Junction O~erati~ Tem~erature, l]_ +130 oc 
Supply Voltage, VCC1, VCC2 -0.5 to 7 v 
Voltage Applied to Inputs -0.5 to VCC + 0.5 v 
IFP, VFP Inputs Maximum Current ~1.2 mA 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATINGS UNIT 

Supply voltage, VCC1, VCC2 4.5 < VCC1 ,2 < 5.50 v 
Ambient Temperature 0 <Ta< 70 oc 
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SSI 32F8030 
Programmable 
Electronic Filter 

ELECTRICAL CHARACTERISTICS 

Power Supply Characteristics (Unless otherwise specified, recommended operating conditions apply.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

ICC Power Supply Current PWRON:;; 0.8V 1 mA 

ICC Power Supply Current PWRON<::2.0V 35 42 mA 

DC Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VIH High Level Input Voltage TIL input 2.0 VCC+0.3 v 
VIL Low Level Input Voltage -0.3 0.8 v 
llH High Level Input Current VIH "'2.7V 20 µA 

Ill Low Level Input Current VIL= 0.4V -1.5 mA 

Filter Characteristics (Fe= 1.25 MHz unless otherwise stated) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

FCA Filter Jc Accuracy using IFP pin: IFP = 0.4 mA or 1.125 1.375 MHz 
using VFP pin: Rx = 1.84 kn 

AO VO_NORM Diff Gain F = 0.67 Jc, FB = 0 dB 0.8 1.20 VIV 

AD VO_DIFF Diff Gain F = 0.67 Jc, FB = 0 dB 0.8AO 1.0AO VIV 

FBA Frequency Boost Accuracy VBP= VR 8.0 9.2 10.4 dB 

TGDO Group Delay Variation Jc = 0.25 MHz, VBP := OV -40 +40 ns 
Without Boost* F = 0.2 Jc to Jc -2 +2 % 

TGDB Group Delay Variation Jc= 0.25 MHz, VBP = VR -40 +40 ns 
With Boost• F = 0.2 Jc to Jc -2 +2 % 

TGDO Group Delay Variation Jc = 0.25 MHz, VBP = OV -40 +40 ns 
Without Boost* F = 0.2 Jc to 1.75 Jc -2 +2 % 

TGDB Group Delay Variation Jc = 0.25 MHz, VBP = VR -40 +40 ns 
With Boost• F = 0.2 Jc to 1.75 Jc -2 +2 % 

TGDO Group Delay Variation Jc = 2.5 MHz, VBP = OV -6 +6 ns 
Without Boost• F = 0.2 Jc to Jc -3 +3 % 

TGDB Group Delay Variation Jc = 2.5 MHz, VBP = VR -6 +6 ns 
With Boost* F = 0.2 Jc to Jc -3 +3 % 

TGOO Group Delay Variation Jc= 2.5 MHz, VBP = OV -6 +6 ns 
Without Boost* F = 0.2 Jc to 1.75 Jc -3 +3 % 

TGDB Group Delay Variation Jc = 2.5 MHz, VBP = VR -6 +6 ns 
With Boost* F = 0.2Jcto 1.75 Jc -3 +3 O/o 

VIF Filter Input Dynamic Range THO= 1% max, F = 0.67 Jc 1.0 Vpp 
(no boost) 

VOF Filter Normal Output THO= 1% max, F = 0.67 Jc 1.0 Vpp 
Dynamic Range VBP= 0 
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ELECTRICAL CHARACTERISTICS (continued) 

Fiiter Characteristics (continued) 

PARAMETER CONDITIONS 

VOF Filter Normal Output THO= 1% max, F = 0.67 fc 
Dynamic Range VBP =VR 

VOF Filter Differentiated Output THO= 1% max, F = 0.67 fc 
Dynamic Range VBP=O 

VOF Filter Differentiated Output THO= 1% max, F = 0.67 fc 
Dynamic Range VBP= VR 

RIN Filter Diff Input Resistance 

CIN Filter Dill Input Capacitance• 

EOUT Output Noise Voltage• BW = 1 oo MHz, Rs = son. 
Differentiated Output lfp = 0.8 mA, VBP = 0.0V 

EOUT Output Noise Voltage* BW = 100 MHz, Rs= son 
Normal Output lfp = 0.8 mA, VBP = 0.0V 

EOUT Output Noise Voltage• BW = 100 MHz, Rs= son 
Differentiated Output l/p = 0.8 mA, VBP =VA 

EOUT Output Noise Voltage• BW = 100 MHz, Rs= son 
Normal Output lfp = 0.8 mA, VBP = VR 

EOUT Output Noise Voltage• BW = 10 MHz, Rs= son. 
Differentiated Output lfp = 0.08 mA, VBP = O.OV 

EOUT Output Noise Voltage• BW = 10 MHz, Rs= son 
Normal Output lfp = 0.08 mA, VBP = O.OV 

EOUT Output Noise Voltage• BW = 10 MHz, Rs= son 
Differentiated Output lfp = 0.08 mA, VBP = VA 

EOUT Output Noise Voltage• BW = 10 MHz, Rs= son 
Normal Output lfp = 0.08 mA, VBP =VA 

10- Filter Output Sink Current 

10+ Filter Output Source Current 

RO Filter Output Resistance•• 

• Not directly testable in production, design characteristic. 
•• Single ended 

Fiiter Control Characteristics 

PARAMETER CONDITIONS 

VR Reference Voltage Output 

lvR Reference Output 
Source Current 
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MIN 

1.0 

1.0 

1.0 

3.0 

1.0 

2.0 

MIN 

2.0 

SSl32F8030 
Programmable 

Electronic Filter 

NOM MAX UNITS 

Vpp 

Vpp 

Vpp 

4.0 kn 

3.0 pF 

3.0 3.2 mVRms 

1.8 2.0 mVRms 

3.S 3.8 mVRms 

2.0 2.2 mVRms 

1.7 1.8 mVRms 

1.0 1.2 mVRms 

1.9 2.2 mVRms 

1.1 1.2 mVRms 

mA 

mA 

60 n 

NOM MAX UNITS 

2.40 v 

2.0 mA 
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FIGURE 1: Typical Normal/Differentiated Output Group Delay Response 

32F8030 

GND1 16 VO_DIFF 
vo_NOFiM 2 15 VO_DIFF 

VO_NORM 3 14 PWR_ON 

VCC1 (+5V) 4 13 VR 

VIN 5 12 VCC2 (+5V) 
R, 

VIN 6 11 IFP 
VBP 7 10 VFP 

FBST 8 9 GND2 

RBP2 RBP1 

FIGURE 1: 32F8030 Applications Setup, 16-Pln so or DIP 

VR = 2.2V 

VFP = .667VR 

IVfp = .33VR/Rx 

IVfp range: 0.08 mA to 0.8 mA 
(0.25 MHz to 2.5 MHz) 

VFP is used when programming current is set with a resistor from VR. When VFP is used IFP must be left 
open. 
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IN-

BYP 

SSl32F8030 
Programmable 

Electronic Filter 

FIGURE 2: Applications Setup, Constant Density Recording 
32F8030,32P54X,32D4661 

IOF = DACF output current 

IOF = (0.98F•VR)/127Rx 

Rx= (0.98F•VR)/12710F 

Rx = current reference setting 
resistor 

VR = Voltage Reference = 2.2V 

F = DAC setting: 0-127 

Full scale, F = 127 

For range of Max /c = 2.5 MHz then IFP = 
0.8mA 

Therefore, for Max programming current 
range to 0.8 mA: 

Rx= (0.98)(2.2/0.8) = 2.7 kQ 

Please note that in setups such as this where IFP is used for cutoff frequency programming VFP must be left 
open. 
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Electronic Filter 

+1.31703 
INPUT S'+ S 1.68495 + 1.31703 

-KS' 

S'+ S 1.68495 + 1.31703 

2.95139 5.37034 
s '+ s 1 .54203 + 2.95139 ff + s 1 .4558 + 5.37034 

Normalized for COc = (27t) /c = 1 

~ 
S+ 0.86133 

__ s_ 
S+ 0.86133 

AN and AD are adjusted for unity gain (0 dB) at F • 0.67 /c 
Denormalize the frequency by substituting S -> (S/2n/c) 
Eq for /c = 2.5 MHz, S =SI [(27t) (2.5•108)) = SI (1.57080 • 10 7) 

FIGURE 3: 32F8030 Normalized Block Diagram 

TABLE 1: 32F8030 Frequency Boost C81culatlons 

Assuming 9.2 dB boost for VBP = VR Boost VBPNR Boost 
1 dB 0.065 6dB 

VBP = (1QCFB/20))-1 2dB 0.137 7dB 

VR - 1.884 3dB 0.219 8dB 
4dB 0.310 9dB 
5dB 0.413 

or, VBPNR Boost VBPNR 

boost in dB::20 log[ta84 (~8:)+1] 
0.1 1.499 dB 0.6 
0.2 2.777dB 0.7 
0.3 3.891 dB 0.8 
0.4 4.879 dB 0.9 
0.5 5.765 dB 1.0 

TABLE 2: Calculations 

Typical change in f-3 dB point Boost at fc f-3 dB/fc Boost at fc 
with boost OdB 1.0 5dB 

1 1.2 6 
2 1.47 7 
3 1.74 8 
4 1.95 9 

Notes: 1. f c is the original programmed cutoff frequency with no boost 
2. /-3 dB is the new -3 dB value with boost implemented 

i.e., fc = 2.5 MHz when boost= 0 dB 
if boost is programmed to 5 dB then f-3 dB = 5.32 MHz 
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VBPNR 
0.528 
0.658 
0.802 
0.965 

Boost 

6.569 dB 
7.305 dB 
7.984 dB 
8.613 dB 
9.200 dB 

f-3 dB/fc 

2.13 
2.28 
2.41 
2.53 
2.65 
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PIN DIAGRAM (Top View) 

GND1 16 VO_DIFF 

VO_NORM 2 15 VO_DIFF 

VO_NORM 3 14 PW RON 

VCC1 4 13 VR 

VIN 5 12 VCC2 

VIN 6 11 IFP 

VBP 7 10 VFP 

FBST 8 9 GND2 

16-pln DIP, SON, SOL 

SSI 32F8030 
Programmable 

Electronic Filter 

Thermal Characteristics: 0jA 

16-lead SON (150 mil) 105° C/W 

16-lead SOL (300 mil) 100° C/W 

16-lead PDIP 170° C/W 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1191 -rev. 3-49 ©1991 Silicon Systems, Inc. 
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DESCRIPTION 
The SSI 32F8120 is a continuous time low pass filter 
with programmable bandwidth and high frequency 
boost. The low pass filter is of a 2 zero 17 pole 0.05° 
phase equiripple type, featuring excellent group delay 
characteristics. It features 1.5 - 8 MHz programmable 
bandwidth and 0 - 9.5 dB programmable boost. Both 
functions are controlled by 7-bit command words, 
which are input via a 3-line serial interface. 

FUNCTIONAL DESCRIPTION 

The SSI 32F8120, a high performance programmable 
electronic filter, provides a low pass equiripple type 
seven pole filter with matched normal and differenti­
ated outputs. 

(continued) 

BLOCK DIAGRAM 

VCA AGNO VCD OGND SDEN SOI SCLK 
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SSI 32F8120 
Low-Power Programmable 

Electronic Filter 

rm'''' na:a rnt.1 I; ·6" t.1 ;+ 
November 1991 

FEATURES 

• 

• 

• 
• 

• 
• 
• 

• 
• 

Programmable filter cutoff frequency (FC=1.5 
to 8 MHz) with no external components II Programmable pulse slimming equalization 
(0 to 9.5 dB boost at the filter cutoff frequency) 

± 10% cutoff frequency accuracy 

Matched normal and differentiated low-pass 
outputs 

Differential filter Inputs and outputs 

Device Idle mode 

+SV only operation 

No external filter components required 

Supports constant density recording 

PIN DIAGRAM 

VO_NOAM+ DGND 16 VO_DIFF+ 
VO_NORM· 

VO_OIFF+ 

VO_DIFF· 

VFP 

VBP 

VO_NORM- 2 15 VO_DIFF-

VO_NORM+ 3 14 RX 

VCA 4 13 SCLK 

VIN- 5 12 VCD 

VIN+ 6 11 SDEN 

VBP 7 10 SDI 

VFP 8 9 AGND 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32F8120 
Low-Power Programmable 
Electronic Filter 

FUNCTIONAL DESCRIPTION (continued) The cutoff frequency is determined by the equation: 

CUTOFF FREQUENCY PROGRAMMING 
FC=8X F _Code(MHz) 

127 

1.5 MHz :s; Fe :s; 8 MHz 

SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 

The SSI 32F8120 programmable electronic filter can 
be setto afiltercutofffrequencyfrom 1.5to8 MHz. The 
cutoff frequency can be set by using the serial port 
through pins SDI, SDEN, and SCLK. SDI is the serial 
data input for an 8-bit control shiftregister, SDEN is the 
control register enable, and SCLK is the control regis­
ter clock. The data packet is transmitted MSB ( D7) first. 
The first four bits are the register address, the last four 
are the data bits. Registers larger than four bits must be 
loaded with two 8-bit data packets. These packets 
should be loaded sequentially and in less than 10 
microseconds. See Table 1. 

The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea­
ture. By controlling the. V-DAC output, the boost can be 
determined. The amount of boost at the cutoff fre­
quency is related to the V-DAC output by the following 
formula: 

[Ouput of V-DAC =VBP = VREF x S1~~de) 

BOOST (dB)= 20*1og (0.01563 (S_Code) +1]. 
TABLE 1: 

ADDRESS BITS USAGE 

D7 D6 D5 D4 D3 

x 0 0 0 S-MSB REGISTER x 
x 0 0 1 S-LSB REGISTER S3 

x 0 1 0 F-MSB REGISTER x 
x 0 1 1 F-LSB REGISTER F3 

x 1 1 1 PREGISTER x 

X = Don't Care 
S = 7-bit Boost (Slimming) Control 
F = 7-bit Frequency (Bandwidth) Control 
P = Power Down Control; PO = 1 for power up; PO = O for power down 

SCLK 

clocks data bit 

1-J SDENSetup 
I I wrt CRC falls 

I 

SDEN I SDI Hold 

I I 
~ TC--i 

' 

J I 

SDI Setup I wrt SCLK falls 
wrt SCLK falls 

SDI 

FIGURE 1: Serial Port Timing Diagram 
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DATA BITS 

D2 

SS 

S2 

F6 

F2 

x 

D1 

S5 

S1 

F5 

F1 

x 

load data 
Into register 

L_.J SDENHold 
I I wrt SCLK falls 

·I~-

DO 

S4 

so 
F4 

FO 

PO 
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SSI 32F8120 
Low-Power Programmable 

Electronic Filter 

PIN DESCRIPTIONS 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL FILTER INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to the pulse 
VO_NORM- detector. 

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum pulse pairing, these 
VO_DIFF- outputs should be AC coupled to the pulse detector. 

SDEN SERIAL DATA ENABLE. A logic HIGH level allows SERIAL CLOCK to clock data into the 
control register via the SERIAL DAT A input. A logic LOW level latches the register data and 
issues the information to the appropriate circuitry. 

SCLK SERIAL CLOCK. Negative edge triggered clock input for serial register. 

SDI SERIAL DATA INPUT. 

RX REFERENCE CURRENT SET. With an external resistor (Rx= 5KQ ±1%) to ground, this 
pin gives a voltage proportional to the absolute temperature, setting the range for VFP. 

VCC1 ANALOG +5 VOLT SUPPLY. 

VCC2 DIGITAL +5 VOLT SUPPLY. 

GND1 ANALOG GROUND. 

GND2 DIGITAL GROUND. 

VBP BOOST PROGRAMMING VOLTAGE. Output of V-DAC which programs the boost. 

VFP CUTOFF FREQUENCY PROGRAMMING VOLTAGE. Output of 1-DAC which programs 
the cutoff frequency.* 

•A minimum load resistance of 150kQ should be used so as not to affect the total minimum on-chip resistance of 
1.35kQ. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RA TINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATINGS UNIT 

Storage Temperature -65 to +150 oc 
Junction Operating Temperature, Tj +130 oc 
Supply Voltage, VCC -0.5 to 7 v 
Voltage Applied to Inputs* -0.5 to VCC v 
Maximum Power Dissipation, fc = 8 MHz, Vee = 5.5V .5 w 
T1 Lead Temperature (1/16" from case for 10 seconds) 260 oc 
• Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 
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SSl32F8120 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL SPECIFICATIONS (continued) 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Supply voltage, VCC 

Ambient Temperature 

Tj Junction Temperature 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS 

I supply VCC = 5.50V, outputs unloaded 

Idle Mode Current 

Idle to Active Mode Recovery Time 

Serial port program to output 
response time 

DC Characteristics 

VIH High Level Input Voltage TTL input 

VIL Low Level Input Voltage 

llH High Level Input Current VIH = 2.7V 

Ill Low Level Input Current VIL= 0.4V 

Filter Characteristics 

Jc Filter Cutoff Frequency Jc= VFP, 24 :o; F _Code :o; 127 

FCA Filter Jc Accuracy Jc= VFP, 24 :o; F _Code :o; 127 

Cutoff Resolution 1.5 to 8 MHz 

AO VO_NORM Diff Gain F = 0.67 Jc 
AD VO_DIFF Diff Gain F = 0.67 Jc 
FB Frequency Boost at Jc FB(dB) = 20 log (.01563 (S_Code) +1] 

FBA Frequency Boost Accuracy 0 to 9.5 dB 

TGDO Group Delay Variation 0.2 Jc- Jc 
Without Boost 

Jc = 1 .5 - 8 MHz Jc -1.75 Jc 
gdm = group delay magnitude 
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RATINGS UNIT 

4.5 < vcc < 5.50 v 
0 <Ta< 70 oc 
0 < Tj < 130 oc 

MIN NOM MAX UNITS 

75 mA 

11 15 mA 

50 µs 

50 µs 

2.0 v 
0.8 v 
20 µA 

-1.5 mA 

1.5 8 MHz 

-10 +10 % 

100 kHz 

0.8 1.2 VN 

0.90Aq 1.1 AO VN 

0 9.5 dB 

-1 +1 dB 

-2% +2% ns 
gdm gdm 

-3% +3% ns 
gdm gdm 
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SSI 32F8120 
Low-Power Programmable 

Electronic Filter 

ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Filter Characteristics, continued 

TGDB Group Delay Variation 0.2 fc - fc -2% +2% ns 
With Boost gdm gdm 

fc = 1.5 - 8 MHz fc - 1.75 fc -3% +3% ns 
gdm gdm 

Boost Resolution 1.S to 8 MHz .2S dB 

VIF Filter Input Dynamic Range THO= 1.S % max, VBP = 0 1.S Vppd 

VOF Filter Output Dynamic Range THO= 1.S % max, VBP = 0 1.S Vppd 

RIN Filter Diff Input Resistance 3.0 kn 

CIN Filter Input Capacitance 7 pF 

EOUT Output Noise Voltage BW= 100 MHz, O dB Boost 2.2 3 mVRms 
(VO_NORM) son input 

Jc= 8 MHz 9.S dB Boost 3.2 4 mVRms 

EOUT Output Noise Voltage BW = 100 MHz, O dB Boost 4.7 6 mVRms 
(VO_DIFF) son input 

Jc= 8 MHz 9.5 dB Boost 7.5 9 mVRms 

10- Filter Output Sink Current 1.0 mA 

10+ Filter Output Source Current 3.0 mA 

RO Filter Output Resistance Output source current, 60 n 
(Single ended) 10+ = 1 mA 

TC Period, SCLK 100 ns 

T1 SDEN Setup to SCLK 0 TC/4 ns 

T2 SDEN Hold to SCLK 0 TC/4 ns 

T3 SDI Setup to SCLK 2S ns 

T4 SDI Hold to SCLK 2S ns 

Power Supply Rejection Ratio TBD TBD dB 

Common Mode Rejection Ratio TBD TBD dB 

Bias: Vin+, Vin- 2.S 2.9 3.3 

VVO_NORM+, VO_NORM-i VCC = SV 2.8 3.2 3.6 v 
VO_DIFF+, VO_DIFF- 2.8 3.2 3.6 v 

Normal Output Offset VDAC switched from 0-127 TBD TBD TBD v 
Differentiated output offset VDAC switched from 0-127 TBD TBD TBD v 
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SSI 32F8120 
Low-Power Programmable 
Electronic Filter 

PACKAGE PIN DESIGNATIONS 
(Top View) 

DGND 

VO_NORM-

VO_NORM+ 

VCA 

VIN-

VIN+ 

VBP 

VFP 

2 

3 

4 

5 

6 

7 

8 

16 VO_DIFF+ 

15 VO_DIFF-

14 RX 

13 SCLK 

12 VCD 

11 SDEN 

10 SDI 

9 AGND 

16·pln SOL 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1990 Silicon Systems, Inc. 
Patent Pending 
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DESCRIPTION 
The SSI 32F8130/8131 Programmable Electronic Fil­
ter is a digitally controlled low pass filter with a normal 
low pass output and a time differentiated low pass 
output. The low pass filter is of a 7-pole / 2-zero 0.05° 
phase equiripple type, with flat group delay response 
beyond the passband. 

The SSI 32F8130/8131 bandwidth and boost are con­
trolled by two on-chip 7-bit DACs, which are pro­
grammedvia a3-line serial interface. The SSI 32F8130 
filter bandwidth is programmable from 250 kHz to 2.5 
MHz. The SSI 32F8131 is programmable from 150 kHz 
to 1.5 MHz. The boost is programmable from O to 1 O 
dB. Because the boost function is implemented as two 
zeros on the real axis with opposite sign, the flat group 
delay characteristic is not affected by the boost pro­
gramming. 

The SSI 32F8130/8131 is idealformulti-rate, equaliza­
tion applications. It requires only a +5V supply and has 
a power down mode for minimal idle dissipation. The 
SSl32F8130/8131 is available in 16-pin PDIP and SOL 
packages. 

BLOCK DIAGRAM 

SSI 32F8130/8131 
Low-Power Programmable 

Electronic Filter I!!'*' ng mt.1 i; .eu t.1 ;1 
November 1991 

FEATURES 

• Programmable filter cutoff frequency (SSI 
32F8130 FC:0.25 to 2.5 MHz, SSI 32F8131: FC 
= 0.15to1.5 MHz) with no external components, 
serial data connections to mlnlmze pin count 

• Power down mode (<5 mW) 

• Programmable pulse slimming equalization 
(Oto 1 O dB boost at the filter cutoff frequency) 

• Matched normal and differentiated low-pass 
outputs 

• Differential filter Inputs and outputs 

• Programming via Internal 7-blt DACS 

• No external filter components required 

• +5V only operation 

• Supports constant density recording 

PIN DIAGRAM 

VIN+u;;---

VIN-l§?t(;f0~;;~rsmt0l~TlJ 
~="-' VO_NORM+ 
..,_,,_,...,,.,=.J VO_NORM-

AGND 

VO_NORM-

16 VO_DIFF+ 

2 15 VO_DIFF-

,.,...._,.,.,,,= 1 VO_OIFF-

1'+4~~ VO_DIFF+ 

DGND2 

VO_NORM+ 

VCA 

VIN-

VIN+ 

SDEN/SDEN 

SDI 

3 

4 

5 

6 

7 

8 

14 PW RON 

13 SCLK 

12 VCD 

11 DGND2 

10 VFP 

9 DGND1 
PWRON 

VFP 

3-57 

1191 

SSI 32F8130: Pin 7 = SDEN 
SSI 32F8131: Pin 7 = SDEN 

CAUTION: Use handling pmcedures necessary 
for a static sensitive COl'J1)0l"l8nt. 



SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 

FUNCTIONAL DESCRIPTION 

The SSI 32F8130/8131, a high performance program­
mable electronic filter, provides a 7-pole / 2-zero 0.05° 
equiripple linear phase low pass function with matched 
normal and time differentiated outputs. The device 
includes multiple biquads and first-order sections to 
accomplishthefilterfunction, two 7-bit DACsforband­
width and boost controls, a 3-line serial interface, and 
complete bias reference circuits. Only one external 
precision 8.25 kn resistor should be connected from 
the VFP pin to ground for operation. See Figure 1. 

SERIAL INTERFACE 

The SSI 32F8130/8131 allows easy digital controls of 
filter bandwidth and magnitude equalization via a 3-line 
serial interface. The three pins are SDI, SDEN and 
SCLK. SDI is the serial data input to an internal 8-bit 
shift register. SDEN is the shift register enable. SCLK 
is the shift register clock. Besides the 8-bit shift register 
which accepts data from the SDI input, there are four 4-
bit registers which hold the filter bandwidth and boost 
controls. Two 4-bit registers are assigned to each 
control function, because a 7-bit binary control is 
required for each function. 

The S-MSB register, whose address code is XOOO, 
holds the 3 MSBs of the boost control. The S-LSB 
register, whose address code is X001, holds the 4 
LSBs of the boost control. The F-MSB register, whose 
address code is X010, holds the 4 MSBs of the cutoff 
frequency control. The F-LSB register, whose address 
code is X011, holds the 4 LSBs of the cutoff frequency 
control. 

The serial interface consists of data packets, which are 
structured as 4-bit address decode followed by 4-bit 
data. Figure 2 shows the serial interface timing to 
successfully program the SSI 32F8130/8131. 

CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, Jc, is defined as the -3dB band­
width with no magnitude equalization applied, and is 
programmable from 250 kHz to 2.5 MHz for SSI 
32F8130, and 150 kHz to 1.5 MHz for SSI 32F8131. 
While the /c is controlled by an on-chip 7-bit DAC, the 
cutoff frequency resolution is better than 20-kHz step. 

Let F _Code be the decimal equivalent of the 7-bit 
control. The cutoff frequency can be determined by the 
equation: 

SSI 32F8130: Jc (MHz)= 2.5 x F _Code/ 127. 

SSI 32F8131: /c (MHz) = 1.5 x F _Code/ 127. 

where 12 < F_Code < 127. 

MAGNITUDE EQUALIZATION PROGRAMMING 

The magnitude equalization, measured in dB, is the 
amountofhighfrequencypeakingatthecutofffrequency 
relative to the original -3 dB point. For example, when 
1 o dB boost is applied, the magnitude response peaks 
up .7 dB above the DC gain. This equalization function 
is also controlled by an on-chip 7-bit DAC. 

Let S_Code be the decimal equivalent of the 7-bit 
control. The magnitude equalization can be determined 
by the equation: 

Boost (dB)= 20 x log 10 [0.01703 x S_Code + 1] 

where 0 < S_Code < 127. 

2.95139 L-J-::--~5.=37=034~--L _ _J 0.86133 
S'+ S 1.54203+2.95139 S'+ S 1.4558+ 5.37034 S +0.86133 

+1.31703 
INPUT S'+ S 1.68495+ 1.31703 

-KS' 

s'+ s 1.68495+ 1.31703 

Normalized for roe = (2n) Jc = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 Jc 
Denormalize the frequency by substituting S ~ (S/2n /c) 
Eq for /c = 2.5 MHz, S = SI [(2it) (2.5 • 106)] = SI (1.57080 • 107) 

__ s_ 
s + 0.86133 

FIGURE 1: Normalized Transfer Function of the SSI 32F8130/8131 
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Note: 

clocks data bit I I 
I'- TC~ 
I I 

SSI 32F8130/8131 
Low-Power Programmable 

Electronic Filter 

load dala 
into register 

SCLK 

i..J ~Setup ~Hold L.-1 
5Drn \I I wrtSCLK wrt SCLK falls I 1/r----

1 falls 

32F8131 ~,_I ----------------------' 
I SDI Hold 
I wrt SCLK falls 

!~1s5i~lf I • I " I 
falls 1,.-----. ,.------. ,.------, ,.------. ,.------, ,.------. ,.------. ,.-----. ~--

SDI DS D4 D2 D1 DO 

FIGURE 2: Serial Port Timing Relationship 

The serial data enable function of the SSI 32F8130 and that of the SSI 32F8131 are of opposite polarity. 

TABLE 1: Data Packet Fields 

ADDRESS BITS USAGE DATA BITS 

D7 D6 D5 D4 D3 D2 D1 DO 

x 0 0 0 S - MSB REGISTER x S6 SS S4 

x 0 0 1 S - LSB REGISTER S3 S2 S1 so 
x 0 1 0 F - MSB REGISTER x F6 FS F4 

x 0 1 1 F - LSB REGISTER F3 F2 F1 FO 

X = Don't care bit. 
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SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 

PIN DESCRIPTION 

NAME DESCRIPTION 

VIN+, VIN- DIFFERENTIAL FILTER INPUTS. The input signals must be AC coupled to these pins. 

VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to the load. 
VO_NORM-

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled 
VO_DIFF- to the load. 

PWR_ON POWER ON. A TTL high logic level enables the chip. A low level or open circuit puts the 
chip into a low power state. 

SDEN (8130) SERIAL DATA ENABLE. An active level allows SCLK to clock data into the shift register 
SDEN (8131) via the SDI input. An inactive level latches the register data and issues the information to 

the appropriate circuitry. Active level for SSI 32F8130 is HIGH, for SSI 32F8131 is LOW. 

SCLK SERIAL CLOCK. Negative edge triggered clock input for serial register. 

SDI SERIAL DATA INPUT. 

VCA ANALOG +5 VOLT SUPPLY. 

VCD DIGITAL +5 VOLT SUPPLY. 

AGND ANALOG GROUND. 

DGND1 DIGITAL GROUND. 
DGND2 

VFP CUTOFF FREQUENCY PROGRAMMING REFERENCE. A resistor of 8.25 kQ should be 
connected between this pin and AGND. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, VCC 

Voltage Applied to Inputs* 

T1 Lead Temperature (1 /16" from case for 1 O seconds) 

RATINGS UNIT 

-65 to +150 oc 
+130 oc 

-0.5 to 7 v 
-0.5 to VCC v 

260 oc 
• Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATINGS UNIT 

Supply voltage, VCC 4.50 < vcc < 5.50 v 
Ambient Temperature 0 <Ta< 70 oc 
Tj Junction Temperature 0 < Tj < 130 oc 
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SSI 32F8130/8131 
Low-Power Programmable 

Electronic Filter 

ELECTRICAL SPECIFICATIONS (continued) 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Idle Mode Current 1 mA 

Idle to Active Mode Recovery Time 50 µs 

Serial port program to output 50 µs 
response time 

I supply 60 mA 

DC Characteristics 

VIH High Level Input Voltage TIL input 2.0 v 
VIL Low Level Input Voltage 0.8 v 

I-
llH High Level Input Current VIH = 2.7V 20 µA 

Ill Low Level Input Current VIL= 0.4V -1.5 mA 

Filter Characteristics 

Jc Filter Cutoff Frequency 12 < F_Code < 127 

SSI 32F8130 0.25 2.5 MHz 

SSI 32F8131 0.15 1.5 MHz 

FCA Filter Jc Accuracy over Jc range -10 +10 % 

Cutoff Resolution 
Resolution= Maxie J 

F8130 20 kHz 

127 F8131 12 kHz 

AO VO_NORM Diff Gain F = 0.67 Jc 0.8 1.2 VN 

AD VO_DIFF Diff Gain F = 0.67 Jc 0.9 AO 1.1 AO VN 

FB Frequency Boost at Jc FB(dB} = 20 log [.01703 0 10 dB 
(S_Code) + 1] 0:::; S_Code:::; 127 

FBA Frequency Boost Accuracy 10 dB nominal -1 +1 dB 

TGDO Group Delay Variation 0.2 Jc -Jc -2% +2% ns 
Without Boost gdm gdm 

Jc= 0.25 - 2.5 MHz Jc -1.75 Jc -3% +3% ns 
gdm = group delay magnitude gdm gdm 

TGDB Group Delay Variation 0.2 Jc - Jc -2% +2% ns 
With Boost gdm gdm 

Jc -1.75 Jc -3% +3% ns 
gdm gdm 

Boost Resolution .25 dB 

VOF _N Filter Output THD = 1% max, Normal Output 1 Vpp 
Dynamic Range 
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SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 

ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified recommended operating conditions apply. 

PARAMETER CONDITIONS 

Filter Characteristics, continued 

VOF _D Filter Output THD = 1% max, Differentiated 
Dynamic Range Output 

RIN Filter Diff Input Resistance 

CIN Filter Input Capacitance 

EOUT Output Noise Voltage BW = 100 MHz, 0 dB Boost 
(VO_NORM) 50Q input 

fc =Max fc 10 dB Boost 

EOUT Output Noise Voltage BW = 100 MHz, O dB Boost 
(VO_DIFF) 50Q input 

fc =Max fc 10 dB Boost 

10- Filter Output Sink Current 

10+ Filter Output Source Current 

RO Filter Output Resistance Output source current, 
(Single ended) 10+ = 1 mA 

SDEN Set-im_ WRT SCLK 

SDEN Hold WRT SCLK 

SDI Set-uj)_ WRT SCLK 

SDI Hold WRT SCLK 

SCLK Period, TC 

Power Supply Rejection Ratio 

Common Mode Rejection Ratio 

Bias: VO_NORM± VCC = 5V 

Vin± 

VO_DIFF± 

Normal Output Offset S_Code switched from 0-127 

Differentiated output offset S_Code switched from 0-127 
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MIN NOM MAX UNIT 

1 Vpp 

3.0 4.0 kO 

3.0 pF 

1.8 mVRms 

2.0 mVRms 

3.0 mVRms 

3.5 mVRms 

1.0 mA 

3.0 mA 

60 Q 

0 TC/4 ns 

0 TC/4 ns 

25 ns 

25 ns 

100 ns 

TBD dB 

TBD dB 

2.75 v 
2.35 v 
2.75 v 

TBD mV 

TBD mV 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

AGND 

VO_NORM-

VO_NORM+ 

VCA 

VIN-

VIN+ 

SD EN/SD EN 

SDI 

2 

3 

4 

5 

6 

7 

8 

16 

15 

14 

13 

12 

11 

10 

9 

16-pin SOL 

SSI 32F8130/8131 
Low-Power Programmable 

Electronic Filter 

VO_DIFF+ 

VO_DIFF-

PW RON 

SCLK 

VCD 

DGND2 

VFP 

DGND1 

SSI 32F8130: Pin 7 = SDEN 
SSI 32F8131: Pin 7 = SDEN 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights ortrademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32D5321 Data Synchronizer I 2, 7 ALL 
EN DEC provides data recovery and data encoding for 
storage systems which employ a 2, 7 ALL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D5321 has been optimized for operation as 
a companion device to the SSI 32C452A and the AIC 
010 controllers. The VCO frequency setting elements 
are incorporated within the SSI 32D5321 for enhanced 
performance and reduced board space. Data rate is 
established with a single external programming 
resistor. The SSI 32D5321 utilizes an advanced 
bipolar process technology which affords precise 
decode window control without the requirement of an 
accurate 1/4 cell delay or external devices. To enhance 
disk drive testability, decode window symmetry control 
is available through a digital µP port and/or two analog 
pins. This feature can facilitate defect mapping, auto­
matic calibration, systematic error cancellation, 
window margin testing and error recovery. The 
SSI 32D5321 requires a single +5V power supply and 
is available in a 28-pin PLCC package. 

BLOCK DIAGRAM 
PO WO 

FEATURES 

SSI 3205321 
Data Synchronizer/ 

2, 7 RLL ENDEC 

November 1991 

• Data Synchronizer and 2, 7 RLL ENDEC 

• 7.5 to 10 Mblt/s Operation Programmed with a 
Single External Resistor or Current Source 

• Optimized for Operation with the SSI 32C452 
and AIC 010 Controllers 

• Programmable Decode Window Symmetry via a 
µP Port and/or Analog Pins 

• Fast Acquisition Phase Locked Loop 
• Zero Phase Restart Technique 

• Fully Integrated Data Separator 
• No External Delay Lines or Active Devices 

Required 

• Crystal Controlled Reference Oscillator 

• Hard/Soft Sector Operation 

• +5V Operation 

• 28-pln PLCC Package 

PIN DIAGRAM 
........ ..., .... EPO OUT IN RF RS W!ID _, 1lllD WBL 

WG 28 SOFTmmi 

27 WD' 

26 VPD 

25 XTAL2 

1ii 
RG 5 24 XTAL1 

RAC sos 6 23 DGND 

EPD 7 22 RRC 

"'"-' NC 8 21 WCLK 

"'"' VCOIN 9 20 NRZ .. ... PD OUT 10 19 JiMD 
IDB 

AGND 11 18 WSL 

RS 12 17 WSD 
llllll 

liiii RF 13 16 WS1 

""'"""" IREF 14 15 wso 

Wii llYNCHRONIZER 

""" CAUTION: Uoe handling procedureo n&Oll888I}' 
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SSI 3205321 
Data Synchronizer/ 
2, 7 RLL ENDEC 

FUNCTIONAL DESCRIPTION 

The SSI 32D5322 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D5322 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect 
and Data Decoding. In the Write Mode, the 
SSI 32D5322 converts NRZ data into the 2,7 RLL 
format described in Table 1, it generates the Preamble 
Field, and inserts Address Marks as requested. The 
interface electronics and architecture of the 
SSI 32D5322 have been optimized for use as a com­
panion device to the SSI 32C452 or AIC 01 O control­
lers. 

The SSI 32D5322 can operate with data rates ranging 
from 7.5 to 10 Mbit/s. This data rate is established by 
a single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 

RR=~ -0.5 (kQ) 
DR 

where: DR= Data Rate in Mbil/s 

An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XTAL 1 
and XT AL2 should be selected attwice the Data Rate. 
If a crystal oscillator is not desired, then an external TTL 
compatible reference may be applied to XT AL 1, leav­
ing XTAL2 open. 

The SSI 32D5322 employs a Dual Mode Phase Detec­
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDLYD DATApulse. lntheWriteand Idle Modes the 
Non-Harmonic Phase Detector is continuously en­
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi­
nated. 

4-2 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win­
dow. Read Gate, RG, initiates the PLL locking seq­
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 

In the Read Mode the rising edge of DL YD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVC0/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de­
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet­
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym­
metrically about the falling edges of DL YD DAT A. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DL YD DAT A pulse 
within the decode window. This powerful capability 
easily facilitates defect mapping, automatic calibra­
tion, window margin testing, error recovery, and sys­
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a µP port (WSL, WSD, WSO, WS1) as 
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described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 

Window shifts in the range of ±1.5% to ±7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA=0.125TORC(1 - 680+R) 
1180 + R 

where: R is in ohms 

Pins RF and RS are intended to be used as a trim and 
should be restricted to ±1.5% window shifts. They can 
be used in conjunction with the digital control port. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error :o:; 0.5 rads), the 
acquisition time is substantially reduced. 

The SSI 32D5322 provides two sync modes for control­
ling the PLL locking sequence; Soft Sector and Hard 
Sector. 

SOFT SECTOR MODE 

The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D5322 requires 10 high to low transi­
tions (Preamble '1 ' bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
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SSI 3205321 
Data Synchronizer/ 

2, 7 RLL ENDEC 

divided by two and activating the Address Mark Detect 
circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input '1 'bits until 
the read mode is successfully entered or until RG is 
cancelled. 

When RG transitions high, the following PLL locking 
sequence begins: 

a) PREAMBLE SEARCH: 

The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 1 O consecutive 
'100' bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the V4 
cell delay and the retriggerable one-shot de­
lay. The 1/4celltimingcapacitoris includedon­
chip and its timing is externally set by resistor 
RR. The retriggerable one-shot timing is exter­
nally set by resistor Rd and capacitor Cd. The 
sum of their delays is set to 3.5 bit cell times. 
Therefore, a continuous stream of input pulses 
with a 3T bit cell time pulse rate keeps the one­
shot reset, and a 4T or longer bit cell time input 
period allows the one-shot to time out pro­
ducing a 4T detect pulse. The 4T detect pulse 
resets the Input Counter and the search is 
started over. 

b) PLL ACQUISITION: 

Once 10 consecutive '100' bit groups are de­
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DL YD DAT A, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis­
tion begins. When an additional 38 '100' bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
circuitry is enabled. If a 4T detect pulse occurs 
before 48 Preamble '1' bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re­
started. No short duration glitches will occur at 
the RRC output during this switching. 



SSI 3205321 
Data Synchronizer/ 
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C) ADDRESS MARK DETECTION: 

The circuit searches for the occurrence of the 
5EAx1e Address Mark. If an Address Mark is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMO 
output is latched low, the PLL training se­
quence is terminated, and the Read Mode is 
entered allowing the data field to be read. If the 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
RRC output is switched to the crystal refer­
ence oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 

HARD SECTOR MODE 

In the Hard Sector mode (SOFT/HARD = 0) the 
SSI 3205321 utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de­
tection circuitry. It allows the PLL to be controlled 
directly by RG for Hard Sector format operation. With 
the absence of an Address Mark, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 

When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DL YD DAT A, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 '1' Preamble bits are 
detected, the RRC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 

In the Hard Sector mode, the NRZ output is inverted 
and will remain low untii the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SOS pin can be left open. 

4.4 

WRITE OPERATION 

In the Write ModetheSSI 3205321 converts NRZdata 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 3205321 can operate 
with a soft or hard sectored disk drive. In the Soft Sector 
Mode, (SOFT/HARD = 1) the device generates a 3T 
Preamble Field and can insert a N7V Address Mark. 
The N7V Address Mark is a valid 2, 7 RLL pattern which 
is not contained in the code set. In the Hard Sector 
Mode, (SOFT/HARD= O) the device generates a 4T 
Preamble Field and no Address Mark. Serial NRZ data 
is clocked into the SSI 3205321 and latched on defined 
cell boundaries. The NRZ input data must be syn­
chronous with the rising edges of the WCLK input. In a 
SCSI or ST506 operation, WCLK is connected directly 
to the RRC output. 

SOFT SECTOR MODE 

In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SSI 
3205321 automatically generates the 3T (100) Pre­
amble Field at the WRITE DATA (WO), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit '1' of the 51s(0101) in the 5EAx1e Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 3205321 automatically changes the '1' 
in the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a 'O'. This generates a pattern of 
seven zero's followed by two zero's. This unique pat­
tern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The x1e of 
the 5EAx1e Address Mark generation pattern can be 
selected, a 'C1e' (1100) was utilized in this example. 

HARD SECTOR MODE 

In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 3205321 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WO, output. Note that in the Hard Sector mode, 
the NRZ input is inverted, therefore a constant low is 
equivalent to an '11 ... • input which generates the 4T 
'1000 .. : Preamble Field. The 4T Preamble Field will be 
generated between the time WG goes high and the first 
low to high transition on the NAZ line. The 3205321 
requires a minimum of 32 4T (1000) bit groups prior to 
the data field. 
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PIN DESCRIPTION 

INPUT PINS 

NAME TYPE 

RD I 

RG I 

WG I 

WSL I 

WSD I 

wso I 

WS1 I 

SOFT/HARD I 

WCLK I 

EPD I 

BIDIRECTIONAL PINS 

DESCRIPTION 

SSI 3205321 
Data Synchronizer/ 

2, 7 RLL ENDEC 

READ DATA: Encoded Read Data from the disk drive read channel, active low. 

READ GATE: Selects the PLL reference input and initiates the PLL synchroniza-
tion sequence. A high level selects the RD input and enables the Read Mode/ 
Address Mark Detection sequences. A low level selects the crystal reference 
oscillator. Pin RG has an internal resistor pull-up. 

WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull-up. 

WINDOW SYMMETRY LATCH: Used to latch the input window symmetry control 
bits WSD, WSO and WS1 into the internal DAC. An active high level latches the 
input bits. Pin WSL has an internal resistor pull-up. 

WINDOW SYMMETRY DIRECTION: Controls the direction of the optional window 
symmetry shift. Pin WSD has an internal resistor pull-up. 

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 
1.5% TORC (Read Reference Clock Period) in the direction established by WSD. 
Pin WSO has an internal resistor pull-up. 

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 
6% TORC (Read Reference Clock Period) in the direction established by WSD. A 
low level at both WSO and WS1 will produce the sum of the two window shifts. Pin 
WS1 has an internal resistor pull-up. 

SOFT/HARD SECTOR: Selects the address mark and the Preamble field pat-
terns. A high level (Solt Sector) selects a 3T Preamble Field pattern and a non-
violating 2, 7 address mark, N7V. A low level (Hard Sector) selects a 4T Preamble 
Field pattern and disables the address mark circuitry. Pin SOFT/HARD has an 
internal resistor pull-up. 

WRITE CLOCK: Write Clock input. Must be synchronous with the Write Data input 
on the NRZ Data Port. For small cable delays, WCLK may be connected directly 
to pin RRC (Read/Reference Clock). 

ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase 
detector and allows the VCO to coast. Pin EPD has an internal resistor pull up. 

NRZ 1/0 l NRZ DATA PORT: Read Data output when RG is high and Write Data input when 
WG is high. In the idle mode NRZ is in a high impedance state. 
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PIN DESCRIPTION (Cont.) 

OUTPUT PINS 

NAME TYPE DESCRIPTION 

WO 0 WRITE DATA: Encoded write data output, active low. 

RRC 0 READ/REFERENCE CLOCK: A multiplexed clock source used by the controller. 
In the read mode, this clock is the VCO frequency divided by two (1 /TORC) and 
in the write mode it is the crystal reference frequency divided by two (1/TORO). No 
short clock pulses are generated during a mode change. 

AMO 0 ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low level 
output indicates that an address mark has been detected. In non-Read modes 
AMO is configured as a high impedance output. 

SDO 0 SYNC DETECT OUTPUT: An active low output that indicates successful detection 
of the 3T Preamble sync field. THE SDO pin is not a TTL level signal. 

ANALOG PINS 

IREF I TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay are 
a function of the current source into pin IREF. The current is set by an external 
resistor, RR, connected from IREF to VPA. 

XTAL1, I CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not desired, 
XTAL2 XTAL 1 maybe driven by a TTL source with XT AL2 open. The frequency must be 

at twice the data rate. 

PD OUT 0 PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 

VCOIN I VCO CONTROL INPUT: Driven by the Loop Filter output. 

sos I SYNC DETECT SET: Used to program the sync detect retriggerable one-shot 
timing with an external R-C network. Connect the capacitor, Cd, to VPA and the 
resistor, Rd, to AGND. 

RF,RS I WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO, 
WS1. 

POWER 

DGND,AGND I DIGITAL AND ANALOG GROUND 

VPA I ANALOG +5V 

VPD I DIGITAL+5V 
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NRZ 2, 7 RLL 

10 0100 

11 1000 

000 000100 

010 100100 

011 001000 

0010 00100100 

0011 00001000 

TABLE 1: 2, 7 RLL Code Set 

WG RG MODE 

0 0 IDLE 

0 1 READ 

1 0 WRITE 

1 1 ILLEGAL 

TABLE 2: Mode Control 

Ts, NOMINAL WINDOW SHIFT WSD WS1 wso 
+TS3 0 0 0 

+TS2 0 0 1 

+TS1 0 1 0 

0 0 1 1 

-TS3 1 0 0 

-TS2 1 0 1 

-TS1 1 1 0 

0 1 1 1 

TABLE 3: Decode Window Symmetry Control 
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AVERAGE 
OUTPUT CURRENT 

a) HARMONIC MODE 

0ERROR 

Note 1) lo Is the magnitude of the charge pump current. 

2) Phase error Is relative to the VCO period 

AVERAGE 
OUTPUT CURRENT 

b) NON-HARMONIC MODE 

FIGURE 1: Phase Detector Transfer Function 

0ERROR 

2, 7 ALL DATA I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 

DLYD 
DATA----------~ 

vco 

RAC 
(DECODE WINDOW) 

PHASEDET 
ENABLE ------------' 

FIGURE 2: Data Synchronization Waveform Diagram 
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2. 7RLL I DATA 

R5 

DLYD 
DATA 

vco 

RRC 
WECODE 

INDOW) 

RG 

3TDETECT 

XTAL 
PLLREF2 

DLVDDATA 

0 I 0 I 1 I 0 

(a) EARLY 

I 2. 7 RLL I 0 I 0 I 1 I 0 I 2. 7 RLL I 0 I 0 I 1 I 0 
DATA DATA 

R5 Rii 

DLYD DLYD 
DATA DATA 

YCO vco 

RRC RRC 
(DECODE WECODE 
WINDOW) INDOW) 

(b)NORMAL (c) LATE 

FIGURE 3: Decode Window 

3T (100) PREAYJLE AELD ADDRESS FIELD 

ixxxxxxxxxxxxxxxxxxxxxxxxx> 
r------------------------------------i---

ADDRESS MARK 2 
DETECT ENABLE -------------~ 

l_ ______________________________________ L_ 

VCO RESTART 2 -----~ 
-, 

ARC SOURCE 2 ~ l_ ___________________________________ L_ 

Am ......... _.! ------------------------------1-·------········· 

NRZ -····-·-.i·---------------icix"'x....,...,x..,.x<"7'<"x..,..x<"7'<"x""'x.._,.,.x.,..x.._,.,.x.,.,x,..,....x.,.,x,..,....x.,.,x,..,.,,l·-· ... ---··­
~P~COUNTER2 ---t---t----------t-------t----------------

10 .. .. 
Notes: 1) Dashed lines represent conditions where ~did not occur 

2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 

FIGURE 4: Soft Sector Mode Timing Diagram 
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VCOOUT3• 

RRC 

DECODED 
DATA 1 I o I o I 1 I 0 I o I 

NRZ 

2" 1· 
----------SYNC FIELD ----·1----A1s-l+----C1s ___ ..., 

Notes: *1) These four bits can be any combination, C11 (1100) was selected In this example 
*2) The 5E1& of the 5EAx1s Address Mark is not read back 
*3) Representations of Internal signals 

FIGURE 5: Address Mark Detection and NRZ Output Waveform 

4 T (1000) PREAMBLE FIELD DATA FIELD 

RG 

PLL REF2 XT AL 
DLYDDATA 

VCD RESTART 2 

RRCSOURCE 2 vco 

XTAL --------------------

NAZ ---, RX><XXXXXX>f- -- ---- -
INPUTCOUNTER ---+-------------------+-----------------

Notes: 1) Dashed lines represent a high Impedance output state 
2) Representations of internal signals 

32 

FIGURE 6: Hard Sector Mode Timing Diagram 
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INPUT COUNTER 

ENCODED 2. 7 DATA 

DLYDDATA10 

vcoouT10 

RRC 

DECODED NRZ DATA 

31 32 

Notes: •1) Representations of internal signals 
'2) In hard sector mode the NRZ output is inverted 

SSI 3205321 
Data Synchronizer/ 

2, 7 RLL ENDEC 

FIGURE 7: Hard Sector Mode Decode Timing 

vcoour2* 

RRC(WCLK) 

ENCODED2, 1 
DATA 

Notes: '1) X16 can be any combination, C16 (1100) was selected in this example 
'2) Representations of internal signals 
"3) Deleted ouput pulse to encode Address Mark 

FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Storage Temperature 

Ambient Operating Temperature, Ta 

Junction Operating Temperature 

Supply Voltage, VCC 

Voltage Applied to Logic inputs 

Maximum Power Dissipation 

RATINGS 

-65 to +150 

Oto +70 

o to +130 

-0.5 to 7 

-0.5 to vcc +0.5 

950 

DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 

UNIT 

oc 
oc 
oc 

Vdc 

Vdc 

mW 

< 5.25V, Ta= 0°C to 70°C, 7.5 MHz< 1/TORC < 10 MHz, 15 MHz< 1/TVCO < 20 MHz 

PARAMETER CONDITIONS 

VIH, High Level Input Voltage 

VIL, Low Level Input Voltage 

llH Hjg_h Level lrm_ut Current VIH = 2.7V 

Ill, Low Level ln_Q!Jt Current VIL= 0.4V 

VOH, High Level Ou.!e_ut Volt~e IOH =-400~ 

VOL, Low Level Output Voltage IOL =4mA 

ICC, Power Supply Current All outputs open 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 9) 

TRD, Read Data Pulse Width 

TFRD, Read Data Fall Time 2.0V to 0.8V, CL~ 15 pF 

TRRC, Read Clock Rise Time 0.8V to 2.0V, CL~ 15 _Qf 

TFRC, Read Clock Fall Time 2.0V to 0.8V, CL~ 15 pF 

TPNRZ, NRZ (out) 
Propagation Delay 

TPAMD,AMD 
Propagation Delay 

4-12 

MIN NOM MAX 

2.0 

0.8 

20 

-0.36 

2.7 

0.5 

165 

20 TORC-40 

15 

8 

5 

-15 15 

-15 15 

UNIT 

v 
v 

uA 

mA 

v 
v 

mA 

ns 

ns 

ns 

ns 

ns 

ns 
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READ MODE (Cont.) 

PARAMETER CONDITIONS 

Decode Window 
Centering Accuracy 

Decode Window 

WRITE MODE (See Figure 10) 

TWD, Write Data Pulse Width CL $15 pF 

TFWD, Write Data Fall Time 2.0V to 0.8V, CL$ 15 pF 

TOWC Write Data Clock 
R~etition Period 

TRWC Write Data 
Clock Rise Time 0.8Vto 2.0V 

TFWC Write Data 
Clock Fall Time 2.0Vto 0.8V 

TSNRZ, NAZ (in) Set Up Time 

THNRZ, NAZ (in) Hold Time 

DATA SYNCHRONIZATION (VCC = 5.0V) 

TVCO VCO Center Frequency VCO_IN = 2.7V 
Period TO= 1.23E - 11 (RR +0.5) 

WSO =WS1=1 

VCO Frequency 1.0V $ VCO_IN $ VCC -0.6V 
Dynamic Range WSO =WS1=1 

KVCO VCO Control Gain coo= 2it I lVCO; WSO = WS1 = 1 

1.0V $ VCO_IN $ VCC -0.6V; 
WSO = WS1"#1 

KD Phase Detector Gain KD = 309 I (RR+ 0.5) 
RR (k.Q); KD (µNrad) 

KVCO x KD Product 
Accuracy 

VCO Phase Restart Error 

1/4 Cell+ Retriggerable 
One-Shot Detect Stability 

1/4 Cell + Retriggerable TD 6.14(RR +0.5) 
One-Shot Delay• + 0.172 Rd (Cd +11.5) 

RR (k.Q) 
Rd (kQ) 
Cd = 68 pF to 100 pF 

Note: • = Excludes External C~acitor and Resistor Tolerances 
1191 -rev. 4-13 
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MIN NOM MAX UNIT 

±(0.01 ns 
TORC + 2) 

(TORC/2)-2 ns 

[TOR0/2) ·12 [TOR0/2) + 12 ns 

8 ns 

TOR0-12 TOR0+12 ns 

10 ns 

8 ns 

20 ns 

7 ns 

0.83 TO 1.17 TO sec 

±24 ±40 % 

0.14 coo 0.235 roo rad/s V 

0.104roo 0.235 roo rad/s V 

0.83KD 1.17 KD A/rad 

-28 +28 % 

-0.5 +0.5 rad 

-4 +4 % 

0.89 TD 1.11 TD ns 
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DATA SYNCHRONIZATION (Cont.) 

PARAMETER 

TS1 Decode Window Time 
Shift Magnitude 

TS2 Decode Window Time 
Shift Magnitude 

TS3 Decode Window Time 
Shift Magnitude 

TSA Decode Window Time 
Shift Magnitude 

CONDITIONS MIN NOM 

TS1 = 0.015 TORC 0.85 TS1 

TS2 = 0.06 TORC 0.90 TS2 

TS3 = 0.075 TORC 0.90 TS3 

TSA= 0.125TORc(1- 1618~0++~) 0.65 TSA 

with: R in ohms 

CONTROL CHARACTERISTICS (See Figure 11) 

TSWS, WSO, WS1, WSD 50 
Set Up Time 

THWS, WSO, WS1, WSD 0 
Hold Time 

RG, WG, SOFT/HARD 
Time Delay 

RD 1(- I 
RRC 

NRZ (OUT) 

TPNRZ 

FIGURE 9: Read Timing 
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MAX UNIT 

1.15TS1 sec 

1.1 TS2 sec 

1.1 TS3 sec 

1.35 TSA sec 

ns 

ns 

100 ns 
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REFERENCE 
OSCILLATOR 

WCLK 

NRZ(IN) 

wso 
WS1 
WSD 

WSL 

FIGURE 10: Write Timing 

-rsws • 
- -THWS 

FIGURE 11: Control Timing 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

RG 5 

sos 6 

EPD 7 

NIC 8 

VCOIN 9 

PD OUT 10 

AGND 11 

12 13 

CJ) u.. a: a: 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 3205321 28-Pin PLCC 

2 28 27 26 

25 XTAL2 

24 XTAL1 

23 DGND 

22 RRC 

21 WCLK 

20 NRZ 

19 Am 
14 15 16 17 18 

u.. 

~ ~ 
Cl ...J 

w CJ) CJ) 

!!: ;; ;; 

28·Pln PLCC 

ORDER NO. 

3205321 - CH 

SSI 3205321 
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2, 7 RLL ENDEC 

PKG.MARK 

3205321 - CH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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DESCRIPTION 

The SSI 32D5322 Data Synchronizer/2, 7 RLL 
EN DEC provides data recovery and data encoding for 
storage systems which employ a 2, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D5322 has been optimized for operation as 
a companion device to the SSI 32C452 and the AIC 
010 controllers. The VCO frequency setting elements 
are incorporated within the SSI 32D5322 for enhanced 
performance and reduced board space. Data rate is 
established with a single external programming resis­
tor. The SSI 32D5322 utilizes an advanced bipolar 
process technology which affords precise decode win­
dow control without the requirement of an accurate 1/ 
4 cell delay or external devices. To enhance disk drive 
testability, decode window symmetry control is avail­
able through a digital µP port and/or two analog pins. 
This feature can facilitate defect mapping, automatic 
calibration, systematic error cancellation, window 
margin testing and error recovery. The SSI 32D5322 
requires a single +5V power supply and is available in 
a 28-pin PLCC package. 

SSI 3205322 
Data Synchronizer/ 

2, 7 RLL ENDEC 

IQt§ii;Ut;fiii!i11ifii 
November 1991 

FEATURES 

• Data Synchronizer and 2, 7 RLL ENDEC 

• 7.5to15 Mblt/s Operation Programmed with a Single 

External Resistor or Current Source 

• Optimized for Operation with the SSI 32C452 and 

AIC 010 controllers 

• 

• 

• 

Programmable Decode Window Symmetry via a µP 

Port and/or Analog Pins 

Fast Acquisition Phase Locked Loop 

- Zero Phase Restart Technique 

Fully Integrated Data Separator 

- No External Delay Lines or Active Devices Required 

• Crystal Controlled Reference Oscillator 

• Hard/Soft Sector Operation 

• +5V Operation 

• 28-Pln PLCC Package 

• ESDI (Hard Sector) Compatible 

BLOCK DIAGRAM 
IAEF VPA VPD DGNO AGND EPO PO OUT \ICO IN AF AS 

RD 
MC 

XTAU 

"'"" 
RC 

sos 

""' ""' "''""'"° 
..., 

WD 

WCLK 
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OPERATION 
The SSI 32D5322 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 ALL encoding format. In the Read Mode 
the SSI 32D5322 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect 
and Data Decoding. In the Write Mode, the 
SSI 32D5322 converts NAZ data into the 2,7 ALL 
format described in Table 1, it generates the Preamble 
Field, and inserts Address Marks as requested. The 
interface electronics and architecture of the SSI 
32D5322 have been optimized for use as a companion 
device to the SSI 32C452 or AIC 010 controllers. 

The SSI 32D5322 can operate with data rates ranging 
from 7.5 to 15 Mbit/s. This data rate is established by 
a single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 

RR= 4~·~6 - 1.2(k.Q) 

where: DR= Data Rate in Mbit/s. 
[*Note: This equation differs from 32D5321 RR equa­
tion] 

An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XTAL 1 
and XT AL2 should be selected at twice the Data Rate. 
If a crystal oscillator is not desired, then an external TTL 
compatible reference may be applied to XT AL 1, leav­
ing XTAL2 open. 

The SSI 32D5322 employs a Dual Mode Phase Detec­
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDLYD DATA pulse. In the Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en­
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi­
nated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 
The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win­
dow. Read Gate, RG, initiates the PLL locking seq­
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level se­
lects the crystal reference oscillator. 

4-20 

In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DL YD DATA is a 1/4 cell wide 
(TVC0/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de­
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet­
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym­
metrically about the falling edges of DL YD DAT A. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DL YD DAT A pulse 
within the decode window. This powerful capability 
easily facilitates defect mapping, automatic calibra­
tion, window margin testing, error recovery, and sys­
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a µP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 
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Window shifts in the range of ±1.5% to± 7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA = 0 125 TORC (1 - 680 + R ) 
. 1180+R 

where: R is in ohms 

Pins RF and RS are intended to be used as a trim and 
should be restricted to ±1.5% window shifts. They can 
be used in conjunction with the digital control port. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase errors 0.5 rads), the 
acquisition time is substantially reduced. 

The SSI 32D5322 provides two sync modes for control­
ling the PLL locking sequence; Soft Sector and Hard 
Sector. 

SOFT SECTOR MODE 

The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D5322 requires 10 high to low transi­
tions (Preamble '1' bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
divided by two and activating the Address Mark Detect 
circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95input'1' bits until 
the read mode is successfully entered or until RG is 
cancelled. 

1191 - rev. 4-21 

SSl32D5322 
Data Synchronizer/ 

2, 7 RLL ENDEC 

When RG transitions high, the following PLL locking 
sequence begins: 

a) PREAMBLE SEARCH: 

The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
'100' bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 1 / 
4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a4T detect pulse. The4Tdetect 
pulse resets the Input Counter and the search 
is started over. 

b) PLL ACQUISITION: 

Once 1 o consecutive '100' bit groups are de­
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DL YD DAT A, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis­
tion begins. When an additional 38 '100' bit 
groups are detected, the Read Reference 
Clock output (RAC) is switched to the VCO 
clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
circuitry is enabled. If a 4T detect pulse occurs 
before 48 Preamble '1' bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RAC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re­
started. No short duration glitches will occur at 
the ARC output during this switching. 

c) ADDRESS MARK DETECTION: 

The circuit searches for the occurrence of the 
5EAx1s Address Mark. The 4T detect circuitry 
remains active, so that, during the search, 
once a 4T or longer bit cell time input period is 
detected, the address mark must be found 
within the next five counts of the read input 
pulses. If an Address Mark is detected prior to 
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c) ADDRESS MARK DETECTION (Continued) 

the Input Counter reaching count 80, the cor­
rect phase of the ARC is ensured by resetting 
the n/2 divider, the AMD output is latched low, 
the PLL training sequence is terminated, and 
the Read Mode is entered allowing the data 
field to be read. If the Input Counter reaches 
count 80 before the Address Mark is detected, 
the PLL is locked back to the crystal reference 
oscillator, the ARC output is switched to the 
crystal reference oscillator divided by 2, and 
the PLL training sequence is restarted when 
the Input Counter reaches count 96. Figure 5 
depicts the Address Mark detection se­
quence. 

HARD SECTOR MODE 

In the Hard Sector mode (SOFT/HARD = 0) the 
SSI 32D5322 utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de­
tection circuitry. It allows the PLL to be controlled 
directly by AG for Hard Sector format operation. With 
the absence of an Address Mark, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 

When AG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DL YD DAT A, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 '1' Preamble bits are 
detected, the RAC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 

In the Hard Sector mode, the NAZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SDS pin can be left open. 

WRITE OPERATION 
In the Write Mode the SSI 32 D5322 converts NAZ data 
from the controller into 2, 7 ALL formatted data for 
storage onto the disk. The SSI 32D5322 can operate 
with a soft or hard sectored disk drive. In the Soft Sector 
Mode, (SOFT/HARD = 1) the device generates a 3T 
Preamble Field and can insert a N7V Address Mark. 
The N7V Address Mark is a valid 2, 7 ALL pattern which 
is not contained in the code set. In the Hard Sector 
Mode, (SOFT/HARD= 0) the device generates a 4T 
Preamble Field and no Address Mark. Serial NAZ data 
is clocked into the SSI 3205322 and latched on defined 
cell boundaries. The NRZ input data must be syn­
chronous with the rising edges of the WCLK input. In a 
SCSI or ST506 operation, WCLK is connected directly 
to the RRC output. 

SOFT SECTOR MODE 

In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NAZ input is held low, the 
SSI 32D5322 automatically generates the 3T (100) 
Preamble Field at the WRITE DAT A (WD), output. The 
3T Preamble Field will continue to be generated until 
the first low to high transition on the NAZ line. As shown 
in Figures, the first low to hightransitionoccurswiththe 
second bit '1' of the 516 (0101) in the 5EAx16 Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 3205322 automatically changes the '1' 
in the eleventh position (see note 3) of the 2, 7 ALL 
encoded sequence, to a 'O'. This generates a pattern of 
seven zero's followed by two zero's. This unique pat­
tern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The x1s of 
the 5EAX16 Address Mark generation pattern can be 
selected, a 'C15' (1100) was utilized in this example. 
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HARD SECTOR MODE 

In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D5322 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector mode, 
the NRZ input is inverted, therefore a constant low is 
equivalent to an '11 ... ' input which generates the 4T 
'1000 ... ' Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NAZ line. The 
SSI 3205322 requires a minimum of 32 4T (1000) bit 
groups prior to the data field. 
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PIN DESCRIPTIONS 

INPUT PINS 

NAME TYPE 

RD I 

RG I 

WG I 

WSL I 

WSD I 

wso I 

WS1 I 

SOFT/HARD I 

WCLK I 

EPD I 

BIDIRECTIONAL PINS 

NRZ 1/0 

DESCRIPTION 

READ DATA: Encoded Read Data from the disk drive read channel, active low. 

READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the RD input and enables the Read Mode/Address 
Mark Detection sequences. A low level selects the crystal reference oscillator. Pin 
RG has an internal resistor pull-up. 

WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull-up. 

WINDOW SYMMETRY LATCH: Used to latch the input window symmetry control 
bits WSD, WSO and WS1 into the internal DAC. An active high level latches the input 
bits. Pin WSL has an internal resistor pull-up. If unused, connect this pin to ground. 

WINDOW SYMMETRY DIRECTION: Controls the direction of the optional window 
symmetry shift. Pin WSD has an internal resistor pull-up. If unused, this pin can be 
left open. 

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 1.5% 
TORC (Read Reference Clock Period) in the direction established byWSD. Pin WSO 
has an internal resistor pull-up. If unused, this pin can be left open. 

WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 6% 
TORC (Read Reference Clock Period) in the direction established by WSD. A low 
level at both WSO and WS1 will produce the sum of the two window shifts. Pin WS1 
has an internal resistor pull-up. If unused, this pin can be left open. 

SOFT/HARD SECTOR: Selects the address mark and the Preamble field patterns. 
A high level (Soft Sector) selects a 3T Preamble Field pattern and a non-violating 2, 
7 address mark, N7V. A low level (Hard Sector) selects a 4T Preamble Field pattern 
and disables the address mark circuitry. Pin SOFT/HARD has an internal resistor 
pull-up. 

WRITE CLOCK: Write Clock input. Must be synchronous with the Write Data input 
on the NRZ Data Port. For small cable delays, WCLK may be connected directly to 
pin RRC (Read/Reference Clock). 

ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase detector 
and allows the VCO to coast. Pin EPD has an internal resistor pull up. 

NRZ DATA PORT: Read Data output when RG is high and Write Data input when 
WG is high. In the idle mode NRZ is in a high impedance state. 
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PIN DESCRIPTIONS (Cont.J 

OUTPUT PINS 

NAME TYPE DESCRIPTION 

WD 0 WRITE DATA: Encoded write data ou!Q!Jt, active low. 

RAC 0 READ/REFERENCE CLOCK: A multiplexed clock source used by the controller. In 
the read mode, this clock is the VCO frequency divided by two (1/TORC) and in the 
write mode it is the crystal reference frequency divided by two (1/TORO). No short 
clock pulses are generated during a mode change. 

AMO 0 ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low level output 
indicates that an address mark has been detected. In non-Read modes AMO is 
configured as a high impedance output. 

SDO 0 SYNC DETECT OUTPUT: An active low output that indicates successful detection 
of the 3T Preamble sync field. THE SDO pin is not a TIL level signal. 

ANALOG PINS 

IREF I TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay are a 
function of the current source into pin IREF. The current is set by an external resistor, 
RR, connected from IREF to VPA. 

XTAL1, I CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not 
XTAL2 desired, XTAL 1 maybe driven by a TIL source with XTAL2 open. The frequency 

must be at twice the data rate. 

PD OUT 0 PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 

VCOIN I VCO CONTROL INPUT: Driven by the Loop Filter output. 

sos I SYNC DETECT SET: Used to program the sync detect retriggerable one-shot timing 
with an external R-C network. Connect the capacitor, Cd, to VPA and the resistor, 
Rd, to AGND. 

RF,RS I WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO, 
WS1. 

POWER 

DGND,AGND I DIGITAL AND ANALOG GROUND 

VPA I ANALOG +5V 

VPD I DIGITAL +5V 
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NRZ 2, 7 RLL 

10 0100 

11 1000 

000 000100 

010 100100 

011 001000 

0010 00100100 

0011 00001000 

TABLE 1: 2, 7 ALL Code Set 

WG RG MODE 

0 0 IDLE 

0 1 READ 

1 0 WRITE 

1 1 ILLEGAL 

TABLE 2: Mode Control 

Ts, NOMINAL WINDOW SHIFT WSD WS1 

+TS3 0 0 

+TS2 0 0 

+TS1 0 1 

0 0 1 

-TS3 1 0 

-TS2 1 0 

-TS1 1 1 

0 1 1 

SSI 3205322 
Data Synchronizer/ 

2, 7 RLL ENDEC 

wso 
0 

1 

0 

1 

0 

1 

0 

1 

TABLE 3: Decode Window Symmetry Control 
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AVERAGE 
OUTPUT CURRENT 

a) HARMONIC MODE 

0ERROR 

Note 1) lo is the magnitude of the charge pump current. 

2) Phase error is relative to the VCO psriod 

AVERAGE 
OUTPUT CURRENT 

b) NON-HARMONIC MODE 

FIGURE 1: Phase Detector Transfer Function 

0ERROR 

2, 7 RLL DATA lololololol1lololololol1 lolololol 

DLYD 
DATA------------' 

vco 

ARC 
(DECODE WINDOW) 

PHASEDET 
ENABLE ------------' 

FIGURE 2: Data Synchronization Waveform Diagram 
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2. 7 ALL I 0 
DATA 

R5 

DLYD 
DATA 

vco 

ARC 
WECODE 

INDOW) 

RG 

3T DETECT 

PLLAEF2 
XTAL 

OlYO DATA 

VCO RESTART 2 

(a) EARLY 

-----~ 

2. 7 ALL I DATA 
0 I 

R5 

DLYD 
DATA 

vco 

ARC 
(DECODE 
WINDOW) 

(b) NORMAL 

SSI 3205322 
Data Synchronizer/ 

2, 7 RLL ENDEC 

2, 7 ALL I 0 I I 0 I DATA 

R5 

DLYD 
DATA 

vco 

ARC 
(DECODE 
WINDOW) 

(c) LATE 

FIGURE 3: Decode Window 

3T (100) PREAMBLE FIELD ADDRESS FIELD 

r-----------------------------------------

' L----------------------------------------~---

' L----------------------------------------~---
~----------------~------------------------------------------------, 

NAZ ....... --.. .J RXXXXXXXXXXXXXXXJ ..... 
INPUTCOLNTER 2 ----+-----+---------+--------+-----------------

10 46 80 

Notes: 1) Dashed lines represent conditions where AMO did not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 

FIGURE 4: Soft Sector Mode Timing Diagram 
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vco our3" 

ARC 

DECODED 
DATA 

, I , I , I , I , I a 

----------SYNCFIELD ----•l+·----A1s-------1----C1s1·---

NAZ 

Notes: *1) These four bits can be any combination, C16 (1100) was selected in this example 
*2) The 5E16 of the 5EAx16 Address Mark is not read back 
*3) Representations of internal signals 

FIGURE 5: Address Mark Detection and NRZ Output Waveform 

4 T (1000) PREAMBLE FIELD DATA FIELD 

RG 

PLL REF2 XTAL 
DLYD DATA 

VCO REST ART 2 

RRCSOURCE 2 vco 

XTAL ------------------~ 

NAZ ---, l><XXXXXXXX>I--- --- --
INPUTCOUNTER --+-----------------+-----------------

32 

Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 

FIGURE 6: Hard Sector Mode Timing Diagram 
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INPUT COUNTER 

ENCODED 2, 7 DATA 

DLYDDATA1 ' 

vcoouT1' 

ARC 

DECODED NAZ DATA 

NAZ OUTPUT 2' 

31 32 

1 I 

SSI 3205322 
Data Synchronizer/ 

2, 7 RLL ENDEC 

Notes: *1) Representations of internal signals 

INPUT DATA I 0 
CELLS 

NAZ 

vcoour2* 

RRC(WCLK) 

ENCOOE02, 7 
DATA 

*2) In hard sector mode the NRZ output is inverted 

FIGURE 7: Hard Sector Mode Decode Timing 

,._____ 516 ---- E16 ----A15___. - X151• --DATA__., 

1 I 1 I 1 I 1 I 0 1 1 I 0 1 1 I 0 1 1 I 1 I 0 1°I 0 I 0 1 1 I 

Notes: *1) X16 can be any combination, C16 (1100) was selected in this example 
*2) Representations of internal signals 
*3) Deleted ouput pulse to encode Address Mark 

FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Storage Temperature 

Ambient Operating Temperature, TA 

Junction Operating Temperature 

Supply Voltage, VCC 

Voltage Applied to Logic inputs 

Maximum Power Dissipation 

RATINGS 

-65 to +150 

Oto +70 

o to +130 

-0.5to 7 

-0.5 to VCC +0.5 

950 

DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 

UNIT 

oc 
oc 
oc 

Vdc 

Vdc 

mW 

< 5.25V, TA= 0°C to 70°C, 7.5 MHz< 1/TORC < 15 MHz, 15 MHz< 1fTVCO < 30 MHz 

PARAMETER CONDITIONS 

VIH, High Level Input Voltage 
t-· 

VIL, Low Level Input Voltage 

llH, High Level Input Current VIH = 2.7V 

Ill, Low Level Input Current VIL= 0.4V 

VOH, High Level Output Voltage IOH = -400 µA 

VOL, Low Level Output Voltage 10L=4mA 

ICC, Power Supply Current All outputs open 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 9) 

TAD, Read Data Pulse Width 

TFRD, Read Data Fall Time 2.0V to 0.8V, CL s; 15 pF 

TRAC, Read Clock Rise Time 0.8V to 2.0V, CL s; 15 pF 

TFRC, Read Clock Fall Time 2.0V to 0.8V, CL s; 15 pF 

TPNRZ, NAZ (out) 
Propagation Delay 

TPAMD,AMD 
Propagation Delay 

1/4 Cell + Retriggerable 
One-Shot Detect Stability 

1/4 Cell + Retriggerable TD=10.5(RR+0.5)+0.12Rd(Cd+Cs) 
One-Shot Delay (see note) Cs=Stray capacitance, RR = kn 

Rd = kn, Cd = 68 pF to 100 pF 

Note: Excludes External Capacitor and Resistor Tolerances 
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MIN MAX 

2.0 

0.8 

20 

-0.36 

2.4 

0.5 

165 

20 TORC-40 

15 

8 

5 

-15 15 

-15 15 

-4 +4 

0.89TD 1.11 TD 

UNIT 

v 
v 

µA 

mA 

v 
v 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

% 

ns 
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WRITE MODE (See figure 10) 

PARAMETER CONDITIONS 

TWO Write Data Pulse Width CL $15 pF 

TFWD Write Data Fall Time 2.0V to 0.8V, CL$ 15 pF 

TOWC Write Data Clock 
Repetition Period 

TRWC Write Data 0.8Vto 2.0V 
Clock Rise Time 

TFWC Write Data 2.0Vto 0.8V 
Clock Fall Time 

TSNRZ NAZ (in) Set Up Time 

THNRZ NAZ (in) Hold Time 

DAT A SYNCHRONIZATION 

PARAMETER CONDITIONS 

TVCO VCO Center Frequency VCO IN= 2.7V 
Period TO= 1.14 E-11(RR+1200) 

VCC = 5.0V 

VCO Frequency 1.0V $ VCO IN$ VCC -0.6V 
Dynamic Range VCC = 5.0V 

KVCO VCO Control Gain coo= 2it/ TO 
1.0V $ VCO IN $ VCC -0.6V 

KO Phase Detector Gain KO= 0.309 I (RR+ 500) 
VCC = 5.0V 

KVCO x KO Product 
Accuracy 

VCO Phase Restart Error 

Decode Window 
Centeririg_ Accurac:y_ 

Decode Window 

TS1 Decode Window Time TS1 = 0.015 TORC 
Shift Magnitude 

TS2 Decode Window Time TS2 = 0.06 TORC 
Shift Magnitude 
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MIN MAX UNIT 

(TOR0/2) -12 (TOR0/2) + 12 ns 

8 ns 

TORO -12 TORO +12 ns 

10 ns 

8 ns 

20 ns 

7 ns 

MIN MAX UNIT 

0.8TO 1.2TO sec 

±24 ±40 % 

0.14 coo 0.20 coo rad/s V 

0.83 KO 1.17 KO A/rad 

-28 +28 % 

-0.5 +0.5 rad 

± (0.01 ns 
TORC+2) 

(TORC/2)-2 ns 

0.85 TS1 1.15 TS1 sec 

0.90 TS2 1.1 TS2 sec 
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DATA SYNCHRONIZATION (Continued) 

PARAMETER CONDITIONS 

TS3 Decode Window Time TS3 = 0.075 TORC 
Shift Magnitude 

TSA Decode Window Time TSA=0.125TORC(1- 680+R) 
Shift Magnitude 1180+R 

with: R in ohms 

CONTROL CHARACTERISTICS (See figure 11) 

PARAMETER CONDITIONS 

TSWS, WSO, WS1, WSD 
Set Up Time 

THWS, WSO, WS1, WSD 
Hold Time 

RG, WG, SOFT/HARD 
Time Delay 

AD 

RAC 

NAZ (OUT) 

FIGURE 9: Read Timing 
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MIN MAX UNIT 

0.90 TS3 1.1 TS3 sec 

0.65 TSA 1.35 TSA sec 

MIN MAX UNIT 

50 ns 

0 ns 

100 ns 

I 

TPNAZ 
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REFERENCE 
OSCILLATOR 

WCLK 

NRZ(IN) 

wso 
ws; 
wso 

WSL 

FIGURE 10: Write Timing 

-rsws .. 
- +-THWS 

FIGURE 11: Control Timing 
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FIGURE 12: SSI 3205322 Typical Application 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

AGND 11 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 3205322 28-pin PLCC 

~ § < 
~ I ~ 0 

ll.. g; > en 

3 28 27 26 

12 13 14 15 16 17 18 

28-pln PLCC 

ORDER NO. 

3205322-CH 

SSI 3205322 
Data Synchronizer/ 

2, 7 RLL ENDEC 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

25 XTAL2 

24 XTAL1 

23 DGND 

22 RRC 

21 WCLK 

20 NRZ 

19 AMI) 

PKG.MARK 

3205322-CH 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 

1191 - rev. 4-35 ©1989 Silicon Systems, Inc. 
Protected by Patent Nos. (4,800,340) (4,803,445) 
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DESCRIPTION 

The SSI 32D535 Data Separator provides data recov­
ery, data encoding, and write precompensation for 
storage systems which employ a 2, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D535 has been optimized for operation at a 
single data rate between 7.5 to 10 Mbit/s operation 
utilizing a crystal reference oscillator. The VCO 
frequency setting elements are incorporated within the 
SSI 32D535 for enhanced performance and reduced 
board space. Data rate is established with a single 
external programming resistor. The SSI 32D535 util­
izes an advanced bipolar process technology which 
affords precise decode window control without requir­
ing an accurate 1/4 cell delay or external devices. To 
enhance disk drive testability, decode window sym­
metry control is available through a digital µP port and/ 
or two analog pins. This feature can facilitate defect 
mapping, automatic calibration, systematic error can­
cellation, window margin testing, and error recovery. 
The SSI 32D535 requires a single +5V power supply 
and is available in a 32-pin SOW, DIP & 28-pin PLCC 
package. 

BLOCK DIAGRAM 

PCS ElO' 

SSI 320535 
Data Synchronizer/ 

2, 7 RLL ENDEC 
with Write Precompensation 

November 1991 

FEATURES 

• 
• 

• 

• 

• 

• 

• 

• 

• 
• 
• 

Data Synchronizer and 2, 7 RLL EN DEC 

Write Precompensatlon 

7.Sto 10 Mblt/s Programmed with a Single 
External Resistor or Current Source 

Optimized for Operation with the SSI 32C452A 
and AIC 010 Controllers 

ESDI compatible 

Programmable Decode Window Symmetry via a 
µP Port and/or Analog Pins 

Fast Acquisition Phase Locked Loop 

- Zero Phase Restart Technique 

Input Clock Circuitry Optimized for use with 
Crystal Controlled Reference Oscillator 

Hard/Soft Sector Operation 

+SV Operation 

32-Pln SOW & 28-Pln PLCC 

PIN DIAGRAM 

£Wl5" SOFTIRAlil'.) 

WG PCS 
VPA WO 

"SOO VPD 
"RO N/C 
RG XTAL2 

sos XTAL1 
EPD DGND 

VCOIN RRC 
PD OUT WCLK 

AGND NRZ 
RS Am 
RF WSL 

IREF WSD 
woo WSf 
mm VCOCLK 

CAUTION: Use handling procedures necessary 
for a static sensitive COf1'1l01'1911l. 
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PIN DESCRIPTION 

INPUT PINS 

NAME TYPE DESCRIPTION 

RD I READ DATA: Encoded Read Data from the disk drive read channel, active 
low. 

RG I READ GATE: Selects the PLL reference input and initiates the PLL 
synchronization sequence. A high level selects the RD input and enables 
the Read Mode/Address Mark Detection sequences. A low level selects the 
crystal reference oscillator. Pin RG has an internal resistor pull-up. 

WG I WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull-
up. If unused, tie pin low. 

WSL I WINDOW SYMMETRY LATCH: Used to latch the input window symmetry 
control bits WSD, WSO and WS1 into the internal DAC. An active high level 
latches the input bits. Pin WSL has an internal resistor pull-up. If unused, 
tie pin low. 

WSD I WINDOW SYMMETRY DIRECTION: Controls the direction of the optional 
window symmetry shift. Pin WSD has an internal resistor pull-up. 

wso I WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 1.5% TORC (Read Reference Clock Period) in the direction estab-
lished by WSD. Pin WSO has an internal resistor pull-up. If unused, leave 
open or tie high. 

WS1 I WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 6% TORC (Read Reference Clock Period) in the direction estab-
lished by WSD. A low level at both WSO and WS1 will produce the sum of 
the two window shifts. Pin WS1 has an internal resistor pull-up. If unused, 
leave open or tie high. 

SOFT/HARD I SOFT/HARD SECTOR: Selects the address mark and the Preamble field 
patterns. A high level (Soft Sector) selects a 3T Preamble Field pattern and 
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects 
a 4T Preamble Field pattern and disables the address mark circuitry. Pin 
SOFT/HARD has an internal resistor pull-up. 

WCLK I WRITE CLOCK: Write Clock input. Must be synchronous with the Write 
Data input on the NRZ Data Port. For small cable delays, WCLK may be 
connected dire.ctly to pin RAC (Read/Reference Clock). 

EPD I ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and allows the VCO to coast. Pin EPD has an internal 
resistor pull up. 

EWP I ENABLE WRITE PRECOMPENSATION: A low level enables Write Pre-
compensation. Pin EWP has an internal resistor pull-up. 
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PIN DESCRIPTION (Continued) 

OUTPUT PINS 

NAME TYPE DESCRIPTION 

WD 0 WRITE DATA: Encoded write data output, active low. 

RRC 0 READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller. In the read mode, this clock is the VCO frequency divided by two 
(1/TORC) and in the write mode it is the crystal reference frequency divided 
by two ( 1 /TORO). No short clock pulses are generated during a mode change. 

AMO 0 ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low 
level output indicates that an address mark has been detected. In non-Read 
modes AMO is configured as a high impedance output. 

SDO 0 SYNC DETECT OUTPUT: An active low output that indicates successful 
detection of the 3T Preamble sync field. THE SDO pin is not a TTL level 
signal. 

VCOCLK 0 VCO CLK: An open emitter VCO clock test point. Two external resistors 
are required to utilize this output, they can be removed during normal 
operaton for reduced power dissipation. 

ORD 0 DELA YEO READ DATA: Test point. The positive edges of this open emitter 
output signal indicate the data bit position. The positive edges of the ORD 
and the VCO CLK signals can be used to estimate window centering. The 
time jitter of DRD's positive edge is an indication of media bit shift. Two 
external resistors are required to perform this test, they can be removed 
during normal operation for reduced power dissipation. 

BIDIRECTIONAL PINS 

NRZ 1/0 NRZ DATA PORT: Read Data output when RG is high and Write Data input 
when WG is high. In the idle mode NRZ is in a high impedance state. 

ANALOG PINS 

IREF I TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay 
are a function of the current sourced into pin IREF. The current is set by an 
external resistor, RR, connected from IREF to VPA. 

PCS I PRECOMP SET: Used to set the magnitude of the Write Precompensation 
time shift via an external capacitor, Cp to VPA and an external resistor, Rp 
to AGND. 

XTAL1, I CRYSTAL OSCILLATOR CONNECTIONS: Thefrequencymustbeattwice 
XTAL2 the data rate. 

PD OUT 0 PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 

VCOIN I VCO CONTROL INPUT: Driven by the Loop Filter output. 
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PIN DESCRIPTION (Continued) 

OUTPUT PINS (Continued) 

NAME TYPE DESCRIPTION 

sos I SYNC DETECT SET: Used to program the sync detect retriggerable one-
shot timing with an external R-C network. Connect the capacitor, Cd, to VPA 
and the resistor, Rd, to AGND. 

RF, RS I WINDOW SYMMETRY ADJUST PINS: Provides analog control over the 
decode window symmetry; typically used to null out any window symmetry 
offset. A resistor connected from either RF or RS to AGND will provide 
magnitude and direction control. They can be used in conjunction with the 
digital control port WSD, WSO, WS1. 

POWER 

DGND,AGND I DIGITAL AND ANALOG GROUND 

VPA I ANALOG +SV 

VPD I DIGITAL +SV 
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OPERATION 

The SSI 32D535 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D535 performs Data Synchronization, Sync 
Field Search and Detect, Address Mark Detect and 
Data Decoding. In the Write Mode, the SSI 32D535 
converts NRZ data into the 2, 7 RLL format described in 
Table 1, performs write precompensation, generates 
the Preamble Field, and inserts Address Marks as 
requested. The interface electronics and architecture 
of the SSI 32D535 have been optimized for use as a 
companion device to the SSI 32C452 or AIC 01 O 
controllers. 

The SSI 32D535 can operate with data rates ranging 
from 7.5 to 1 O Mbit/s operation. This data rate is 
established by a single 1% external resistor, RR, 
connected from pin IREF to VPA. This resistor estab­
lishes a reference current which sets the VCO center 
frequency, the phase detector gain, and the 1/4 cell 
delay. The value of this resistor is given by: 

RR = ~ -0.5 (kil) 
DR 

where: DR = Data Rate in Mbit/s. 

An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XTAL 1 
and XT AL2 should be selected at twice the Data Rate. 

The SSI 32D535 employs a Dual Mode Phase Detec­
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of a DL YD DAT A pulse. In the Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en­
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DL YD DATA is elimi­
nated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
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direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win­
dow. Read Gate, RG, initiates the PLL locking seq­
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 

In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVC0/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de­
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet­
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym­
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra­
tion, window margin testing, error recovery, and sys­
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a µP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL must be connected to ground, while 
WSD, WSO, and WS1 must be left open. 
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Window shifts in the range of ±1.5% to ±7.5% ofTORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA=0.125TORc(1 - 680+R) 
1180 + R 

where: R is in ohms 

Pins RF and RS are intended to be used as a trim and 
should be restricted to ±1.5% window shifts. They can 
be used in conjunction with the digital control port. 

The VCO CLK and DRD outputs can be used to esti­
mate window centering and data bit shift. The rising 
edges of VCO CLK indicate the data detection window 
edges. The rising edge of DRD indicates the data bit 
position relative to the decode window. Two external 
resistors are required during such testing. A pull-up 
resistor of 1300 should be connected to VPD, while a 
pull-down resistor of 2000 should be connected to 
DGND. The resistors can be removed during normal 
operation to reduce power dissipation. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error:;:; 0.5 rads), the 
acquisition time is substantially reduced. 

The SSI 32D535 provides two sync modes for control­
ling the PLL locking sequence; Soft Sector and Hard 
Sector. 

SOFT SECTOR MODE 

The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 

Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D535 requires 10 high to low transitions 
(Preamble '1 'bits) before switching the reference input 
to the PLL, 48 high to low transitions before switching 
the Read Reference Clock to the VCO clock divided by 
two and activating the Address Mark Detect circuitry; 
then it must detect the Address Mark prior to 80 high to 
low transitions in order to enter the Read Mode. This 
sequence repeats after 95 input '1' bits until the read 
mode is successfully entered or until RG is cancelled. 

When RG transitions high, the following PLL locking 
sequence begins: 

a) 

b) 
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PREAMBLE SEARCH: 

The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
'100' bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 
1/4 cell delay and the retriggerable one-shot 
delay. The 1I4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 

PLL ACQUISITION: 

Once 10 consecutive '100' bit groups are de­
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DL YD DAT A, the VCO is phase reset to 
the next DL YD DATA pulse, and PLL acquis­
tion begins. When an additional 38 '100' bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
circuitry is enabled. If a 4T detect pulse occurs 
before 48 Preamble '1' bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
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C) 

Input Counter reset, and the sequence is re­
started. No short duration glitches will occur at 
the ARC output during this switching. 

ADDRESS MARK DETECTION: 

The circuit searches for the occurrence of the 
5EAx1s Address Mark. If an Address Mark is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMO 
output is latched low, the PLL training 
sequence is terminated, and the Read Mode is 
entered allowing the data field to be read. If the 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
ARC output is switched to the crystal 
reference oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 

HARD SECTOR MODE 

In the Hard Sector mode (SOFT/HARD = 0) the SSI 
320535 utilizes a 4T (1000) Preamble Field and dis­
ables the Preamble Search and Address Mark detec­
tion circuitry. It allows the PLL to be controlled directly 
by AG for Hard Sector format operation. With the 
absence of an Address Mark, the 4T Preamble Field is 
utilized to properly setthe bit cell alignment boundaries 
for proper decoding. 

When AG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DL YD DAT A, the VCO is phase 
reset to the next DL YD DATA pulse, and the PLL 
acquisition begins. When 32 '1' Preamble bits are 
detected, the ARC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 
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In the Hard Sector mode, the NAZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SOS pin can be left open. 

WRITE OPERATION 

In the Write Mode the SSI 320535 converts NAZ data 
from the controller into 2, 7 ALL formatted data for 
storage onto the disk. The SSI 320535 can operate 
with a soft or hard sectored disk drive. In the Soft 
Sector Mode, (SOFT/HARD= 1) the device generates 
a 3T Preamble Field and can insert a N7V Address 
Mark. The N7V Address Mark is a valid 2, 7 ALL pattern 
which is not contained in the code set. In the Hard 
Sector Mode, (SOFT/HARD= 0) the device generates 
a 4T Preamble Field and no Address Mark. Serial NAZ 
data is clocked into the SSI 320535 and latched on 
defined cell boundaries. The NAZ input data must be 
synchronous with the rising edges of the WCLK input. 
The WCLK input is a feature provided for operation in 
an ESDI application to compensate for large cable 
delays. In a SCSI or ST506 operation, WCLK is 
connected directly to the ARC output. 

Write precompensation circuitry is provided to com­
pensate for media bit shift caused by intersymbol 
interference. The SSI 320535 recognizes specific 
write data patterns and can add or subtract delays in 
the time position of write data bits to counteract the 
read back bit shift. The magnitude of the time shift, TC, 
is determined by an external R-C network on the PCS 
pin given by: 

TC= 0.15 (Rp)(Cp +Cs) 
with RP;::: 2.0 kn, Cs = stray capacitance 

When the ENABLE WRITE PRECOMP, EWP, input is 
low the SSI 320535 performs write precompensation 
according to the algorithm outlined in Table 4. 
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SOFT SECTOR MODE 

In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SSI 
320535 automatically generates the 3T (100) Pre­
amble Field at the WRITE DATA (WO), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit '1' of the 51e (0101) in the 5EAx1a Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 320535 automatically changes the '1' in 
the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a 'O'. This generates a pattern of 
seven zeros followed by two zeros. This unique pattern 
satisfies the 2, 7 RLL constraints, but will never occur 
during a normal encoding sequence. The x1s of the 
5EAx1s Address Mark generation pattern can be se­
lected, a 'C1s' (1100) was utilized in this example. 

NRZ 

10 

11 

000 

010 

011 

0010 

0011 

HARD SECTOR MODE 

In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 320535 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WO, output. NotethatintheHardSectorrnode, 
the NAZ input is inverted, therefore a constant low is 
equivalent to an '11 .. .' input which generates the 4T 
'1000 ... ·Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NAZ line. The 320535 
requires a minimum of 32 4T (1000) bit groups prior to 
the data field. 

2, 7 RLL 

0100 

1000 

000100 

100100 

001000 

00100100 

00001000 

TABLE 1: 2, 7 RLL Code Set 

WG RG MODE 

0 0 IDLE 

0 1 READ 

1 0 WRITE 

1 1 ILLEGAL 

TABLE 2: Mode Control 
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BIT BIT 

n-3 n-2 

0 0 

1 0 

1 0 

0 0 
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Ts, NOMINAL WINDOW SHIFT 

+TS3 

+TS2 

+TS1 

0 

-TS3 

-TS2 

-TS1 

0 

SSI 320535 
Data Synchronizer/ 

2, 7 RLL ENDEC 
with Write Precompensation 

WSD WS1 wso 
0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

TABLE 3 : Decode Window Symmetry Control 

ENCODED 2, 7 RLL DATA PATTERN 

BIT BIT BIT BIT BIT COMPENSATION 

n • 1 n n+1 n+2 n+3 BITn 

0 1 0 0 0 none 

0 1 0 0 1 none 

0 1 0 0 0 early 

0 1 0 0 1 late 

TABLE 4 : Write Precompensatlon Algorithm 
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AVERAGE 
OUTPUT CURRENT 

0ERROR 

AVERAGE 
OUTPUT CURRENT 

lo 

~27t I -7t " 21t 

-lo 

a) HARMONIC MODE b) NON-HARMONIC MODE 

Notes: 1) lo is the magnitude of the charge pump current 
2) Phase error is relative to the VCO period 

FIGURE 1: Phase Detector Transfer Function 

0ERROR 

2, 7 RLL DATA lololololol1 lololololol1 lolololol 

DLYD 
DATA---------~ 

vco 

RRC 
(DECODE WINDOW) 

PHASEDET 
ENABLE ---------~ 

FIGURE 2: Data Synchronization Waveform Diagram 
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2. 7 ALL I 0 I 0 I I 0 I DATA 

Ail 

DLYD 
DATA 

vco 

ARC 
(DECODE 
WINDOW) 

(a) EARLY 

RG 

3T DETECT 

PLL REF 2 XTAL 
DLYD DATA 

2, 7RLL I DATA 
0 I 

R5 

DLYD 
DATA 

vco 

ARC 
(DECODE 
WINDOW) 

0 I 

SSI 320535 
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I 0 I 2. 7 RLL I 0 I 0 I 1 I 0 I DATA 

R5 

DLYD 
DATA 

vco 

ARC 
(DECODE 
WINDOW) 

(b) NORMAL (c) LATE 

FIGURE 3: Decode Window 

3T (100) PREAMBLE FIELD ADDRESS FIELD 

r-----------------------------------------

AJ>~~\S EN~ 2 -------------~ ' ! ________________________________________ _ 

VCO RESTART 2 
-----~ 

RRCSOURCE 2 :;:_ -------------~ ' ' !-----------------------------------------
----------------------------------------------. 

NAZ ........... .J RXXXXXXXXXXXXXXXJ..· 
INPUTCOUNTER 2 ---+---+---------+-------+-----------------

10 48 80 

Notes: 1) Dashed lines represent conditions where AMO did not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 

FIGURE 4: Soft Sector Mode Timing Diagram 
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VCO OUT30 

ARC 

DECODED 
DATA 1 J 1 

2· 
+---------SYNC FIELD ----1---- A1S---+1+----C151° __ _, 

NAZ 

PLL REF2 

Notes: *1) These four bits can be any combination, C16 (1100) was selected in this example 
*2) The SE 16 of the SEAx 16 Address Mark is not read back 
*3) Representations of internal signals 

FIGURE 5: Address Mark Detection and NRZ Output Waveform 

4 T (1000) PREAMBLE FIELD DATA FIELD 

AG 

XTAL 

DLYDDATA 

VCO RESTART2 

RRCSOURCE 2 vco 

XTAL -----------------~ 

NRZ ---1 1>()()()()()()()()()1--------
INPUTCOUNTER ---11----------------+---------------

32 

Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 

FIGURE 6: Hard Sector Mode Timing Diagram 
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INPUT COUNTER 

ENCOOED 2, 7 DATA 

DLYD DATA10 

vcoour1" 

ARC 

DECODED NAZ DATA 

31 32 

1 I 1 

Notes: *1) Representations of internal signals 

SSI 320535 
Data Synchronizer/ 

2, 7 RLL ENDEC 
with Write Precompensation 

*2) In hard sector mode the NAZ output is inverted 

FIGURE 7: Hard Sector Mode Decode Timing 

-+----- 516 _ ___, ____ E1s -----A1s----- X151* --.--DATA--+ 

INPUT2:c~ 1 o o 1 1 1 o 1 , 1 , 1 , 1 , 1 o 1 1 1 o 1 1 1 o 1 , 1 1 1 o 1 o 1 o 1 o 1 , 1 

vcoour 2* 

RRC(WCLK) 

ENCODE02, 7 
DATA 

Notes: *1) X16 can be any combination, C1s (1100) was selected in this example 
*2) Representation of internal signal 
*3) Deleted output pulse to encode Address Mark 

FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 

PARAMETER RATINGS 

Storage Temperature -65 to +150 

Ambient Operating Temperature, Ta Oto +70 

Junction Operating Temperature, Tj 0 to +130 

Supply Voltage, VCC -0.5to 7 

Voltage Applied to Logic inputs -0.5 to VCC +0.5 

Maximum Power Dissipation 950 

DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < vcc 

UNIT 

oc 
oc 
oc 
Vdc 

Vdc 

mW 

< 5.25V, Ta= 0°C to 70°C, 7.5 MHz< 1/TORC < 10 MHz, 15 MHz< 1/TVCO < 20 MHz 

PARAMETER CONDITIONS 

TTL Inputs: 

VIH, High Level Input Voltage 

VIL, Low Level Input Voltage 

llH, High Level Input Current VIH =2.7V 

Ill, Low Level Input Current VIL= 0.4V 

TTL Outputs: 

YOH, High Level Output Voltage IOH = -400 µA 

VOL, Low Level Output Voltage 10L=4mA 

Test Point Outputs: DRD, VCO CLK (See Figure 12) 

YOH, High Level Ouput Voltage RL= 130Qto VPD, 
2000 to DGND 

VOL, Low Level Output Voltage RL= 130Qto VPD, 
200Qto DGND 

ICC, Power Supply Current All outputs open 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 9) 

TRD, Read Data Pulse Width 

TFRD, Read Data Fall Time 2.0V to 0.8V, CL~ 15 pF 

TRRC, Read Clock Rise Time 0.8V to 2.0V, CL~ 15 pF 

TFRC, Read Clock Fall Time 2.0V to 0.8V, CL~ 15 pF 

4-50 

MIN NOM MAX 

2.0 

0.8 

20 

-0.36 

2.4 

0.5 

VPD-1.0 

VPD-1.7~ 

180 

20 TORC-40 

15 

8 

5 

UNIT 

v 
v 

µA 

mA 

v 
v 

v 

v 
mA 

ns 

ns 

ns 

ns 
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READ MODE (Continued) 

PARAMETER CONDITIONS 

TPNRZ, NAZ (out) 
Propagation Delay 

TPAMD,AMD 
Propagation Delay 

1/4 Cell+ Retriggerable 
One-Shot Delay Stability 4.5V < VCC < 5.5V 

1/4 Cell + Retriggerable TD= 6.14(RR +0.5) 
One-Shot Delay• + 0.172 Rd (Cd +Cs)** 

RR= k.Q 
Rd= k.Q 
Cd = 68 pF to 100 pF 

SSI 320535 
Data Synchronizer/ 

2, 7 RLL ENDEC 
with Write Precompensation 

MIN NOM MAX UNIT 

-15 15 ns 

-15 15 ns 

-4 +4 % 

0.89TD 1.11 TD ns 

• Excludes External Capacitor and Resistor Tolerances ··cs = Stray Capacitance 

WRITE MODE (See Figure 10) 

PARAMETER CONDITIONS MIN MAX UNIT 

TWD, Write Data Pulse Width CL::>15 pF (TOWC/2)-12-1.4TC (TOWC/2) + 12 ns 

TFWD, Write Data Fall Time 2.0V to 0.8V, CL::> 15 pF 8 ns 

TRWC Write Data 
Clock Rise Time 0.8V to 2.0V 10 ns 

TFWC Write Data 
Clock Fall Time 2.0Vto O.BV 8 ns 

TSNRZ, NAZ (in) Set Up Time 20 ns 

THNRZ, NAZ (in) Hold Time 7 ns 

TWDC Compensated Write 
Data Pulse Width CL::> 15 pF (TOWC/2)-2.4TC-12 ns 

TE,TL Write Data TC= 0.15(Rp)(Cp +Cs) 
Compensation Accuracy 2 kQ ::> Rp ::> 3 kQ, 

Cs = Stray Capacitance O.BTC 1.2TC ns 
Cp = 15 pF to 36 pF 

DATA SYNCHRONIZATION 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TVCO VCO Center Frequency VCO IN= 2.7V 
Period TO= 1.23E - 11 (RR +500) 

VCC = 5.0V O.BTO 1.2TO sec 
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DATA SYNCHRONIZATION (Cont.) 

PARAMETER CONDITIONS 

VCO Frequency 1.0V s VCO IN s VCC -0.6V 
Dynamic Range VCC=5.0V 

KVCO VCO Control Gain COO= 2n:/TO 
1.0V s VCO IN s VCC -0.6V 

KO Phase Detector Gain KO = 0.309 / (RR + 500) 
VCC=5.0V 

• KVCO x KO Product 
Accuracy . VCO Phase Restart Error 

Decode Window 
Centering Accuracy 

Decode Window 

TS1 Decode Window Time 
ShHt Magnitude TS1 = 0.015 TORC 

TS2 Decode Window Time 
ShHt Magnitude TS2 = 0.06 TORC 

TS3 Decode Window Time 
ShHt Magnitude TS3 = 0.075 TORC 

TSA Decode Window Time 
TSA=0.125 TORC(1 680 +R) ShHt Magnitude 11so+R 

with: R in ohms 

• Not directlly testable - Design Characteristics 

CONTROL CHARACTERISTICS (See figure 11) 

TSWS, WSO, WS1, WSD 
Set Up Time 

THWS, WSO, WS1, WSD 
Hold Time 

RG, WG, SOFT/HARD 
Time Delay 

REFERENCE CLOCK CHARACTERISTICS 

TXPW, Crystal Input Pulse Width Min. Negative Pulse Width 

(Reference Oscillator Min. Positive Pulse Width 
See Figure 10) 
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MIN NOM MAX UNIT 

±24 ±40 o/o 

0.14 coo 0.20 coo rad/s-V 

0.83 KO 1.17 KO A/rad 

-28 +28 o/o 

6 ns 

± (0.01 ns 
TORC+2) 

(TORC/2) ·2 ns 

TS1 sec 

TS2 sec 

TS3 sec 

TSA sec 

50 ns 

0 ns 

100 ns 

19.23 ns 

16 ns 
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RD 

RRC 

NRZ (OUl) 

REFERENCE 
OSCILLATOR 

WCLK 

NRZ(IN) 
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I 

TPNRZ 

FIGURE 9: Read Timing 

FIGURE 10: Write Timing 
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WSl'.I 
WS1 
WSD 

WSL 

VCOCLK 

-rsws.---
_. +-THWS 

FIGURE 11: Control Timing 

Decode 
Window 
Edges 

bit position 

FIGURE 12: Test Point Timing 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

EWP 1 32 SOFT/HARD < I~ 
rJ) Cl 

I~ D.. (!) 0 I~ D.. 
WG 2 31 PCS > ;=: D.. > 
VPA 3 30 WO 
soo 4 29 VPD 

RG XTAL2 
RD 5 28 N/C 
RG 6 27 XTAL2 

sos XTAL1 

sos 7 26 XTAL1 VCOIN OGNO 

EPD 8 25 DGND PO OUT RRC 

VCOIN 9 24 ARC AGNO WCLK 
PD OUT 10 23 WCLK RS NRZ 

AGNO 11 22 NAZ 
RS AMO 

RF AMO 
12 21 13 14 15 16 17 

RF 13 20 WSL 
IREF WSD 

u.. 

I~ I~ 
~ 

I~ 
Cl ..J 

14 19 w ..J rJ) rJ) 
g;; 0 ;=: ;=: 

wso 15 18 WS1 0 
0 

ORD 16 17 VCOCLK > 

32-LeadSOW 28-Pin PLCC 

Note: This package is bonded out for soft sector 
applications only. (SOFT/HARD) pin internally 
pulled up). SDO and EPD are not available in this 
package. 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 320535 32-Pin Small Outline - Wide 320535- cw 320535- cw 
SSI 320535 28-Pin PLCC 320535-CH 320535-CH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silit:on Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 4-56 1191 - rev. 
Protected by Patent Nos. (4,800,340) (4,803,445) 



DESCRIPTION 

The SSI 32D5351A Data Separator provides data 
recovery, data encoding, and write precompensation 
for storage systems which employ a 2, 7 ALL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. An improved zero 
phase restart technique is used to minimize PLL acqui­
sition time. The SSI 32D5351A has been optimized for 
operation at multiple data rates between 8 to 16 Mbit/s 
with multiple TTL clock schemes or the 32D4661 Time 
Base Generator. The VCO frequency setting elements 
are incorporated within the SSI 32D5351A for en­
hanced performance and reduced board space. Data 
rate is established with a single external programming 
resistor. The SSI 32D5351 A utilizes an advanced 
bipolar process technology which affords precise de­
code window control without the requirement of an 
accurate 1/4 cell delay or external devices. To enhance 
disk drive testability, decode window symmetry control 
is available through a digital µP port and/or two analog 
pins. This feature can facilitate defect mapping, auto­
matic calibration, systematic error cancellation, win­
dow margin testing, and error recovery. The SSI 
32D5351 A requires a single +5V power supply and is 
available in 32-pin SOW and 28-Pin PLCC packages. 

BLOCK DIAGRAM 
I'() vco 

SSI 3205351 A 
Data Synchronizer/2, 7 RLL ENDEC 

w/ Write Precompensation 

I 4 t§ Ii I ,J h#i ii •Mbl 
November 1991 

FEATURES 

• Data Synchronizer and 2, 7 RLL ENDEC 
• Fast Acquisition Phase Locked Loop 

- Improved Zero Phase Restart Technique 

• Write Precompensatlon 
• 8 -13 Mblt/s Operation Programmed with a 

Single External Resistor 

• Input Reference Clock Circuitry Optimized 
for use with Constant Density Recording 
Applications 

• ESDI compatible (Hard Sector) 
• Programmable Decode Window Symmetry 

via a µP Port and/or Analog Pins 

• Fully Integrated Data Separator 
- No External Delay Lines or Active Devices 

Required 

• Crystal Controlled Reference Oscillator 
• Hard/Soft Sector Operation 
• +5V Operation 
• 32-Pln SOW, 28-Pin PLCC Packages 

PIN DIAGRAM 
11EF VPA VPO DOM:> AGr<> EPD OUT IN R' RS WSO WS, ~ WSL 

,., 

""' 
XTAl..1 

AG 

sos 

500 
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EWP 

WG 

VPA 

"S'OO 

Al)" 

RG 

SDS 

EPD 

VCO IN 

PD OUT 

AGND 

RS 

RF 

IREF 

wso 
Nili 

10 

11 

12 

13 

14 

15 

16 

SOFT/HARD 

31 PCS 

WIT 

VPD 

NC 

XTAL2 

XTAL1 

DGND 

RRC 

WCLK 

NAZ 

21 At;ID" 

WSL 

WSD 

WS1 

VCO CLK 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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PIN DESCRIPTIONS 

INPUT PINS 

NAME TYPE DESCRIPTION 

RD I READ DATA: Encoded Read Data from the disk drive read channel, active low. 

RG I READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the RD input and enables the Read Mode/Address 
Mark Detection sequences. A low level selects the crystal reference oscillator. Pin 
RG has an internal resistor pull-up. 

WG I WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull-up. 

WSL I WINDOW SYMMETRY LATCH: Used to latch the input window symmetry control 
bits WSD, WSO and WS1 into the internal DAC. An active high level latches the input 
bits. Pin WSL has an internal resistor pull-up. If unused, connect this pin to ground. 

WSD I WINDOW SYMMETRY DIRECTION: Controls the direction of the optional window 
symmetry shift. Pin WSD has an internal resistor pull-up. If unused, this pin can be 
left open. 

wso I WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 1.5 
% TORC (Read Reference Clock Period) in the direction established by WSD. Pin 
WSO has an internal resistor pull-up. If unused, this pin can be left open. 

WS1 I WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 6% 
TORC (Read Reference Clock Period) in the direction established by WSD. A low 
level at both WSO and WS1 will produce the sum of the two window shifts. Pin WS1 
has an internal resistor pull-up. If unused, this pin can be left open. 

SOFT/HARD I SOFT/HARD SECTOR: Selects the address mark and the Preamble field patterns. 
A high level (Soft Sector) selects a 3T Preamble Field pattern and a non-violating 2, 
7 address mark, N7V. A low level (Hard Sector) selects a 4T Preamble Field pattern 
and disables the address mark circuitry. Pin SOFT/HARD has an internal resistor 
pull-up. 

WCLK I WRITE CLOCK: Write Clock input. Must be synchronous with the Write Data input 
on the NRZ Data Port. For small cable delays, WCLK may be connected directly to 
pin RRC (Read/Reference Clock). 

EPD I ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase 
detector and allows the VCO to coast. Pin EPD has an internal resistor pull up. 

EWP I ENABLE WRITE PRECOMPENSATION: A low level enables Write Precompensa-
lion. Pin EWP has an internal resistor pull-up. 
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SSl32D5351A 
Data Synchronizer/ 2, 7 RLL ENDEC 

with Write Precompensation 

PIN DESCRIPTIONS (Cont.> 

OUTPUT PINS 

NAME TYPE 

WO 0 

RRC 0 

AMO 0 

SDO 0 

VCOCLK 0 

ORD 0 

BIDIRECTIONAL PINS 

NRZ 1/0 

ANALOG PINS 

IREF I 

PCS I 

XTAL1, I 
XTAL2 

PD OUT 0 

VCOIN I 

DESCRIPTION 

WRITE DATA: Encoded write data output, active low. 

READ/REFERENCE CLOCK: A multiplexed clock source used by the controller. 
In the read mode, this clock is the VCO frequency divided by two (1/TORC) and 
in the write mode it is the crystal reference frequency divided by two ( 1 /TORO). No 
short clock pulses are generated during a mode change. 

ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low level 
output indicates that an address mark has been detected. In non-Read modes 
AMO is configured as a high impedance output. 

SYNC DETECT OUTPUT: An active low output that indicates successful detection 
of the 3T Preamble sync field. THE SDO pin is not a TTL level signal. 

VCO CLK: An open emitter VCO clock test point. Two external resistors are 
required to utilize this output, they can be removed during normal operaton for 
reduced power dissipation. 

DELAYED READ DATA: Test point. The positive edges of this open emitter output 
signal indicate the data bit position. The positive edges of the ORD and the VCO 
CLK signals can be used to estimate window centering. The time jitter of DRD's 
positive edge is an indication of media bit shift. Two external resistors are required 
to perform this test, they can be removed during normal operation for reduced 
power dissipation. 

NAZ DATA PORT: Read Data output when RG is high and Write Data input when 
WG is high. In the idle mode NRZ is in a high impedance state. 

TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay are 
a function of the current sourced into pin IREF. The current is set by an external 
resistor, RR, connected from IREF to VPA. 

PRECOMP SET: Used to set the magnitude of the Write Precompensation time 
shift via an external capacitor, Cp to VPA and an external resistor, Rp to AGND. 

CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not 
desired, XTAL 1 maybe driven by a TTL source* with XTAL2 open. The frequency 
must be at twice the data rate. 

PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 

VCO CONTROL INPUT: Driven by the Loop Filter output. 

* See Clock Characteristics 
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PIN DESCRIPTIONS (Cont.> 

ANALOG PINS (Cont.) 

NAME TYPE DESCRIPTION 

sos I SYNC DETECT SET: Used to program the sync detect retriggerable one-shot timing 
with an external R-C network. Connect the capacitor, Cd, to VPA and the resistor, 
Rd, to AGND. 

RF, RS I WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO, 
WS1. 

POWER 

DGND,AGND I DIGITAL AND ANALOG GROUND 

VPA I ANALOG +5V 

VPD I DIGITAL +5V 
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OPERATION 

The SSI 32D5351A is designed to perform data recov­
ery and data encoding in rotating memory systems 
which utilize a 2, 7 ALL encoding format. In the Read 
Mode the SSI 32D5351 A performs Data Synchroniza­
tion, Sync Field Search and Detect, Address Mark 
Detect and Data Decoding. In the Write Mode, the SSI 
32D5351 A converts NAZ data into the 2,7 ALL format 
described in Table 1, performs write precompensation, 
generates the Preamble Field, and inserts Address 
Marks as requested. The interface electronics and 
architecture of the SSI 32D5351A have been opti­
mized for use as a companion device to the SSI 
32C452A or AIC 01 O controllers. 

The SSI 32D5351A can operate with data rates rang­
ing from 8 to 16 MbiVs. This data rate is established by 
a single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 

RR= 12-1.75 (kQ) 
DR 

where: DR= Data Rate in MbiVs. 
4.1 kQ <RR< 7.75 kQ 

An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XT AL 1 
and XT AL2 should be selected at twice the Data Rate. 
If a crystal oscillator is not desired, then an external TTL 
compatible reference may be applied to XT AL 1 , leav­
ing XT AL2 open. 

The SSI 32D5351A employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non-Har­
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DL YD DATA pulse. In the Write and 
Idle Modes the Non-Harmonic Phase Detector is con­
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing an 
improved zero phase restart technique, false lock to 
DL YD DATA is eliminated. 

1191 - rev. 

SSI 3205351 A 
Data Synchronizer/ 2, 7 RLL ENDEC 

with Write Precompensation 

4-61 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not beterminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win­
dow. Read Gate, RG, initiates the PLL locking seq­
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level se­
lects the crystal reference oscillator. 

In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVC0/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de­
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet­
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym­
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra­
tion, window margin testing, error recovery, and sys­
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a µP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 
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Window shifts in the range of ±1 .5% to± 7 .5% ofTORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA=0.125TORC(1- 680+R) 
1180 + R 

where: R is in ohms 

Pins RF and RS are intended to be used as a trim and 
should be restricted to ±1.5% window shifts. They can 
be used in conjunction with the digital control port. 

The VCO CLK and ORD outputs can be used to esti­
mate window centering and data bit shift. The rising 
edges of VCO CLK indicate the data detection window 
edges. The rising edge of ORD indicates the data bit 
position relative to the decode window. Two external 
resistors are required during such testing. A pull-up 
resistor of 130Q should be connected to VPD, while a 
pull-down resistor of 2oon should be connected to 
DGND. The resistors can be removed during normal 
operation to reduce power dissipation. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 

SOFT SECTOR MODE 

The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D5351A requires 10 high to low transi­
tions (Preamble '1' bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
divided by two and activating the Address Mark Detect 
circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input '1' bits until 
the read mode is successfully entered or until RG is 
cancelled. 

When RG transitions high, the following PLL locking 
sequence begins: 

a) PREAMBLE SEARCH: 

The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
'100' bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 1 / 
4 cell delay and the retriggerable one-shot 
delay. The 1 /4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shottiming 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 

the VCO clock divider is reset. By minimizing the phase b) PLL ACQUISITION: 
alignment in this manner (phase errors; 0.5 rads), the 
acquisition time is substantially reduced. 

The SSI 32D5351A provides two sync modes for 
controlling the PLL locking sequence; Soft Sector and 
Hard Sector. 
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Once 1 O consecutive '100' bit groups are de­
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DL YD DAT A, the VCO is phase reset to 
the next DL YD DATA pulse, and PLL acquis­
tion begins. When an additional 38 '100' bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
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circuitry is enabled. If a 4T detect pulse occurs 
before 48 Preamble '1' bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re­
started. No short duration glitches will occur at 
the RRC output during this switching. 

c) ADDRESS MARK DETECTION: 

The circuit searches for the occurrence of the 
5EAX16 Address Mark. If an Address Mark is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMO 
output is latched low, the PLL training seq­
uence is terminated, and the Read Mode is 
entered allowing the data field to be read. If the 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
RRC output is switched to the crystal 
reference oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 

HARD SECTOR MODE 

In the Hard Sector mode (SOFT/HARD= 0) the SSI 
32D5351A utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de­
tection circuitry. It allows the PLL to be controlled 
directly by RG for Hard Sector format operation. With 
the absence of an Address Mark, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 

When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DL YD DAT A, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 '1' Preamble bits are 
detected, the RRC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 
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In the Hard Sector mode, the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SOS pin can be left open. 

WRITE OPERATION 

In the Write Mode the SSI 32D5351A converts NRZ 
data from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 3205351 A can operate 
with a soft or hard sectored disk drive. In the Soft Sector 
Mode, (SOFT/HARD = 1) the device generates a 3T 
Preamble Field and can insert a N7V Address Mark. 
The N7V Address Mark is a valid 2, 7 RLL pattern which 
is not contained in the code set. In the Hard Sector 
Mode, (SOFT/HARD = 0) the device generates a 4T 
Preamble Field and no Address Mark. Serial NRZdata 
is clocked into the SSI 3205351 A and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK input. 
The WCLK input is a feature provided for operation in 
an ESDI application to compensate for large cable 
delays. In a SCSI or ST506 operation, WCLK is con­
nected directly to the RRC output. 

Write precompensation circuitry is provided to com­
pensate for media bit shift caused by intersymbol 
interference. The SSI 32D5351A recognizes specific 
write data patterns and can add or subtract delays in 
the time position of write data bits to counteract the 
read back bit shift. The magnitude of the time shift, 
TPC, is determined by an external R-C network on the 
PCS pin given by: 

TPC = 0.15 (Rp)(Cp +Cs) 
Cp = 15 to 36 pF 
Rp = 1 k to 3 k.Q 
Cs = stray capacitance 

When the ENABLE WRITE PRECOMP, EWP, input 
is low the SSI 32D5351A performs write pre­
compensation according to the algorithm outlined in 
Table 4. 
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SOFT SECTOR MODE 

In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NAZ input is held low, the SSI 
32D5351A automatically generates the 3T (100) Pre­
amble Field atthe WRITE DATA (WD), output. The3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NAZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit '1' of the 510 (0101) in the 5EAx10 Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D5351 A automatically changes the '1' 
in the eleventh position (see note 3) of the 2, 7 ALL 
encoded sequence, to a 'O'. This generates a pattern of 
seven zero's followed by two zero's. This unique pat­
tern satisfies the 2, 7 ALL constraints, but will never 
occur during a normal encoding sequence. The x1s of 
the 5EAx1s Address Mark generation pattern can. be 
selected, a 'C1s' (1100) was utilized in this example. 

NRZ 

10 

11 

000 

010 

011 

0010 

0011 

HARD SECTOR MODE 

In the Hard Sector Mode, when WG goes high and the 
NAZ input is held low, the SSI 3205351 A automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DAT A, WO, output. Note that in the Hard Sector mode, 
the NAZ input is inverted, therefore a constant low is 
equivalent to an '11 .. .' input which generates the 4T 
'1000 ... • Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NAZ line. The 
32D5351A requires a minimum of 32 4T (1000) bit 
groups prior to the data field. 

2, 7 RLL 

0100 

1000 

000100 

100100 

001000 

00100100 

00001000 

TABLE 1: 2, 7 RLL Code Set 

WG RG MODE 

0 0 IDLE 

0 1 READ 

1 0 WRITE 

1 1 ILLEGAL 

TABLE 2: Mode Control 
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BIT BIT 

n-3 n-2 

0 0 

1 0 

1 0 

0 0 
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Ts, NOMINAL WINDOW SHIFT WSD WS1 wso 
+TS3 0 0 0 

+TS2 0 0 1 

+TS1 0 1 0 

0 0 1 1 

-TS3 1 0 0 

-TS2 1 0 1 

-TS1 1 1 0 

0 1 1 1 

TABLE 3: Decode Window Symmetry Control 

ENCODED 2, 7 RLL DATA PATTERN 

BIT BIT BIT BIT BIT COMPENSATION 

n-1 n n+1 n+2 n+3 BIT n 

0 1 0 0 0 none 

0 1 0 0 1 none 

0 1 0 0 0 ear]y_ 

0 1 0 0 1 late 

TABLE 4: Write Precompensatiom Algorithm 
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AVERAGE 
OUTPUT CURRENT 

0ERROR 

a) HARMONIC MODE 

Note 1) lo is the magn~ude of the charge pump current. 

2) Phase error is relative to the VCO period 

AVERAGE 
OUTPUT CURRENT 

-21t I 

-lo 

b) NON-HARMONIC MODE 

FIGURE 1: Phase Detector Transfer Funtion 

0ERROR 

2. 7RLL DATA I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 

DLYD 
DATA----------~ 

vco 

RAC 
(DECODE WINDOW) 

PHASEDET 
ENABLE ----------~ 

FIGURE 2: Data Synchronization Waveform Diagram 
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2,7 ALL 
DATA 

RD 

DLYD 
DATA 

vco 

ARC 
(DECODE 
WINDOW) 

PLLREF2 

ADDRESS 
DETECT 

I 0 I 0 I 1 I 0 I 2, 7 ALL I 0 I DATA 

RD 

DLYD 
DATA 

vco 

ARC 
(DECODE 
WINDOW) 

(a) EARLY 
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0 I 1 I 0 I 2, 7 ALL I 0 I 0 I 1 I 0 I DATA 

RD 

DLYD 
DATA 

vco 

ARC 

~l~g'6S)i 
(b) NORMAL (c) LATE 

FIGURE 3: Decode Window 

ADDRESS FIELD 

RG 

3T DETECT 

XTAL :-----------------------------------------r--
DLYD DATA 

EN~~ 2 -------------~ i_ ________________________________________ :L__ 

VCO RESTART2 -----~ 

RRCSOURCE2 ::... -------------~ L_ _______________________________________ :L__ 

AMO ........... J 1------------------------------------------------f. .. -............... . 

NRZ ·····-·····Jr--------------,C><<7"<"X"?"<X0"""7"<""X7"<X""7'X<7"<"X""'"'X,...,..,..X""X...,,.X'""'""X""'"'X,..,...,...X""X...,.X'""'"")-· ................ . 
INPUTCOUNTER 2 ---+---+----------+------->------------------

10 •• 80 

Notes: 1) Dashed lines represent conditions where AfJ!Jdid not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 

FIGURE 4: Soft Sector Mode Timing Diagram 
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RAC 

DECODED 
DATA 

, I , I , I o 
2' ,. 

+-----------SYNC FIELD ----+j1+----- A16-l+----C15 ---

NAZ 

Notes: ·1) These four bits can be any combination, C1& {1100) was selected in this exarfl)le 
•2) The 5E1a of the 5EAxis Address Mark is not read back 
*3) Representations of internal signals 

FIGURE 5: Address Mark Detection and NRZ Output Waveform 

4 T (1000) PREAMBLE FIELD DAT AFIELD 

AG 

PLL REF2 XTAL 

DLYDDATA 

VCO AESTART2 

RRCSOURCE 2 vco 

XTAL ------------------~ 

NAZ ---1 tx'.XXXXXXXX>I- -------
INPUTCOUNTER --+-----------------+----------------

Notes: 1) Dashed Jines represent a high impedance output state 
2) Representations of internal signals 

32 

FIGURE 6: Hard Sector Mode Timing Diagram 
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INPUT COUNTER 

ENCODED2, 7DATA 

DLYDDATA1" 

VCOO!JT1" 

RRC 

DECODED NRZ DATA 

INPUT g:~ts I 0 

NAZ 

vcoour 2• 

RRC(WCLK) 

Wll 

ENCOOE02, 7 
DATA 

31 

1 I 1 

32 

I 1 I 1 1 I 
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FIGURE 7: Hard Sector Mode Decode Timing 

'+-- 516 ------ E1s ---+---A1s-------X1510 -----DATA_. 

NOTE: 1 •} X1s can be any combination, C1s (1100) was selected in this example 
2") Internal signal 
3") Deleted output pulse to encode Address Mark 

FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Storage Temperature 

Ambient Operating Temperature, Ta 

Junction Operating Temperature, Tj 

Supply Voltage, VCC 

Voltage Applied to Logic inputs 

Maximum Power Dissipation 

RATINGS 

-65 to +150 

o to +70 

Oto+130 

-0.5 to 7 

-0.5 to VCC +0.5 

950 

DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 

< 5.25V, Ta= 0°C to 70°C, 8 MHz< 1/TORC < 16 MHz, 16 MHz< 1/TVCO < 32 MHz 

PARAMETER CONDITIONS 

TTL Inputs: 

VIH, High Level Input Voltage 

VIHX, XT AL 1 High Level External Reference Clock 
Input Voltage 

VIL, Low Level Input Voltage 

llH, High Level Input Current VIH = 2.7V 

Ill, Low Level Input Current VIL= 0.4V 

TTL Outp~ts: 

VOH, High Level Output Voltage IOH = -400 µA 

VOL, Low Level Output Voltage 10L=4 mA 

Test Point Outputs: ORD, VCO CLK (See Figure 12) 

VOH, High Level Ouput Voltage RL= 130.Q to VPD, 
200.Q to DGND 

VOL, Low Level Output Voltage RL= 130.Q to VPD, 
200.Q to DGND 

ICC, Power Supply Current All outputs open 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 9) 

TRD, Read Data Pulse Width* 

TFRD, Read Data Fall Time* 2.0V to 0.8V, CL~ 15 pF 

TRRC, Read Clock Rise Time 0.8V to 2.0V, CL~ 15 pF 

TFRC, Read Clock Fall Time 2.0V to 0.8V, CL~ 15 pF 

TRNRZ, Read Data Output Rise Time 0.8V to 2.0V, CL~ 15 pF 

TFNRZ, Read Data Output Fall Time 2.0V to 0.8V, CL~ 15 pF 

TFNRZ, NRZ (out) 
Pr<l~agation Delay 

• Input requirements for pulse detector 4-70 

MIN NOM 

2.0 

2.4 

2.4 

VPD-1.00 

VPD-1.75 

20 

-15 

UNIT 

oc 
oc 
oc 
Vdc 

Vdc 

mW 

MAX UNIT 

v 
v 

0.8 v 
20 µA 

-0.36 mA 

v 
0.5 v 

v 

v 
180 mA 

TORC-40 ns 

15 ns 

8 ns 

5 ns 

8 ns 

5 ns 

15 ns 
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READ MODE (Continued) 

PARAMETER 

TPAMD,AMD 
Propagation Delay 

1/4 Cell + Retriggerable 
One-Shot Delay Stability 

1/4 Cell + Retriggerable 
One-Shot Delay• 

SSl32D5351A 
Data Synchronizer/ 2, 7 ALL ENDEC 

with Write Precompensation 

CONDITIONS MIN NOM MAX UNIT 

-15 15 ns 

4.75V < VCC < 5.25V -4 +4 % 

TD = 4.37 (RR +0.80) 
+ 0.155 (Cd +Cs)** 
RR= k.Q 
Rd= kQ 
Cd = 68 pF to 100 pF 0.89 TD 1.11 TD ns 

*Excludes External Capacitor and Resistor Tolerances, Tested Indirectly. 
•• Cs = Stray Capacitance [minimized] 

WRITE MODE (See Figure 10) 

PARAMETER CONDITIONS MIN MAX UNIT 

TWO, Write Data Pulse Width CL 5 15 pF (TOWC/2) (TOWC/2) + 12 ns 
-1.4TPC-12 

TFWD, Write Data Fall Time 2.0V to 0.8V, CL 5 15 pF 8 ns 

TRWC, Write Data* 
Clock Rise Time 0.8V to 2.0V 10 ns 

TFWC Write Data* 
Clock Fall Time 2.0V to 0.8V 8 ns 

TSNRZ, NRZ (in) Set Up Time 20 ns 

THNRZ, NRZ (in) Hold Time 7 ns 

TWDC, Compensated Write (TOWC/2) 
Data Pulse Width CL 515 pF -2.4 TPC-12 ns 

TE, TL, Write Data TPC = 0.15(Rp)(Cp +Cs) 
Compensation Accuracy Cp = 15 pF to 36 pF 0.8T PC 1.2T PC ns 

Cs = Stray Capacitance 
Rp = 1k to 3 kQ 

DAT A SYNCHRONIZATION 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TVCO VCO Center Frequency VCO IN= 2.7V 
Period TO= 6.59 (RR + 0.53) + 8 

VCC = 5.0V; RR (kQ) 0.83 TO 1.17 TO ns 

VCO Frequency 1.0V 5 VCO IN 5 VCC -0.6V 
~amic Range VCC = 5.0V ±24 ±40 % 

• Input requirements for write clock 
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DATA SYNCHRONIZATION (Continued) 

PARAMETER CONDITIONS 

KVCO VCO Control Gain roo = 27t I TVCO 
1.0V ~ VCO IN ~ VCC -0.6V 

KD Phase Detector Gain KD = 0.34 I (RR + 900) 
VCC =5.0V 

*KVCO x KD Product 
Accuracy 

VCO Phase Restart Error 

Decode Window 
Centering Accuracy 

Decode Window Size 

TS1 Decode Window Time 
Shift Magnitude 

TS2 Decode Window Time 
Shift Magnitude 

TS3 Decode Window Time 
Shift Magnitude 

TSA Decode Window Time ( 680+R ) 
Shift Magnitude 

TSA=0.125TORC 1- 1180+R 

with: R in ohms 

CONTROL CHARACTERISTICS (See Figure 11) 

TSWS WSO, WS1, WSD 
Set Up Time 

THWS WSO, WS1, WSD 
Hold Time 

RG, WG, SOFT/HARD 
Time Delay 

REFERENCE CLOCK CHARACTERISTICS 

TXPW, Reference Oscillator Positive pulse width** 
Pulse Width 

Negative pulse width** 

*not directly testable - design characteristics 
••measured at 50% point 

4-72 

MIN NOM MAX UNIT 

0.14roo 0.235 roo rad/s V 

0.83 KD 1.0 KD 1.17 KD A/rad 

-32 +32 % 

2 ns 

± (0.01 ns 
TORC + 2) 

(TORC/2) ·2 ns 

0.015 ns 
TORC 

0.06 ns 
TORC 

0.075 ns 
TORC 

ns 

50 ns 

0 ns 

100 ns 

12 ns 

12 ns 
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RAC 

NAZ (OUT) 

REFERENCE 
OSCILLATOR 

WCLK 

NRZ(IN) 

TRWC 

SSI 3205351 A 
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with Write Precompensation 

FIGURE 9: Read Timing 

FIGURE 10: Write Timing 
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wso 
WST 
WSD 

WSL 

VCOCLK 

--TSW~ 

- +-THWS 

FIGURE 11: Control Timing 

Decode 
Window 
Edges 

bit position 

FIGURE 12: Test Point Timing 
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SSI 3205351 A 
Data Synchronizer/ 2, 7 RLL ENDEC 
with Write Precompensation 

PACKAGE PIN DESIGNATIONS 
(Top View) 

mp- 32 SOFT /Hi\JID" 

WG 2 31 PCS 

VPA 3 30 W!i 
ml() 4 29 VPO 

Im 5 28 NC 

RG 27 XTAL2 

sos 26 XTAL1 

EPO .9 25 DGNO 

VCOIN 9 24 ARC 

PO OUT 10 23 WCLK 

AGNO 11 22 NAZ 

RS 12 21 Alim 

RF 13 20 WSL 

IREF 14 19 WSO 

WsO 15 18 Ws1 
mm 16 17 VCOCLK 

RG 

sos 

VCOIN 

PO OUT 

AGNO 

RS 

RF 

~ l'.l 0 
~ ~ ~ ~ g; > Q. 

5 0 XTAL2 

XTAL1 

DGNO 

8 SSI 3205351A-CH ARC 

21 WCLK 

10 NAZ 

11 mn 
12 13 14 15 16 17 18 

L1. 

~ Fc :s ~ 
0 ~ w 
~ g; 0 

~ 
28-Pin PLCC 

NOTE: Does not include the following pins which are avallcble on the 32-Pin Packages 
·SOC 
•EPD 

32-Lead SOW • SOFTIRARD" (internally pulled up high) 
So must be used in soft sedor applications only. 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 3205351A 32-Pin Small Outline - Wide 32D5351A - CW 32D5351A - CW 

SSI 32D5351A 28-Pin Plastic - Quad 3205351A- CH 32D5351A- CH 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 
Protected by the following Patents (4,800,340) (4,803,445) 4-76 1191 - rev. 



SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

DESCRIPTION 

The SSI 32D5362A Data Synchronizer/1, 7 ALL 
EN DEC provides data recovery and data encoding for 
storage systems which employ a 1, 7 ALL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D5362A has been optimized for operation 
as a companion device to the SSI 32C9000 controller. 
The VCO frequency setting elements are incorporated 
within the SSI 32D5362A for enhanced performance 
and reduced board space. Data rate is established with 
a single external programming resistor. The SSI 
32D5362A utilizes an advanced bipolar process tech­
nology which affords precise decode window control 
without the requirement of an accurate 1 /3 cell delay 
or external devices. The SSI 32D5362A requires a 
single +5V supply. 

November 1991 

FEATURES 

• Data Synchronizer and 1, 7 ALL ENDEC 

• 10 to 20 Mblt/s operation 
- Data Rate programmed with a single external 

resistor or current source 

• Optimized for operation with the SSI 32C9000 

controller. 

• Fast acquisition phase lock loop 
- Zero phase restart technique 

• Fully Integrated data separator 
- No external delay lines or active devices 
required 

• Programmable write precompensatlon 

• Hard and soft sector operation 

• Crystal controlled reference oscillator 

• +SV operation 

• 28-pln PLCC package 

• Test outputs- Allow drive margin testing with 
available test chip 

BLOCK DIAGRAM 

'""' vco REF EPO PD our vco IN vco CLK 

XTAL• 
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SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

OPERATION 

The SSI 32D5362A is designed to perform data re­
covery and data encoding in rotating memory systems 
which utilize a 1, 7 ALL encoding format. In the Read 
Mode the SSl32D5362A performs Data Synchroniza­
tion, Sync Field Search and Detect, Address Mark 
Detect, and Data Decoding. In the Write Mode, the SSI 
32D5362A converts NAZ data into the 1,7 ALL format 
described in Table 1, performs Write Precompensa­
tion, and inserts Address Marks as requested. The 
interface electronics and architecture of the SSI 
32D5362A have been optimized for use as a compan­
ion device to the SSI 32C9000 controller. 

The SSI 3205362A can operate with data rates 
ranging from 10 to 20 Mbit/s. This data rate is estab­
lished by a single 1 % external resistor, RR, connected 
from pin IREF to VPA. This resistor establishes a 
reference current which sets the VCO center fre­
quency, the phase detector gain, and the 1 /3 cell delay. 
The value of this resistor is given by: 

RR= 92·6 -2.3(kn) 
DR 

where: DR = Data Rate in Mbit/s. 

An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer­
ence for the PLL. A series resonant crystal between 
XTAL 1 and XTAL2 should be selected at three times 
the Data Rate. If a crystal oscillator is not desired, then 
an AC coupled ECL source may be applied to XT AL 1, 
leaving XT AL2 open. A TTL compatible reference may 
also be used if suitably attenuated and AC coupled. 

The SSI 32D5362A employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non Har­
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DYLD DATA pulse. In the Write and 
Idle modes the Non-Harmonic Phase Detector is con­
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and fre­
quency lock to the crystal reference oscillator and 
utilizing a zero phase restart technique, false lock to 
DL YD DATA is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

4-78 

The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 

In the Read Mode the falling edge of ORD enables the 
Phase Detector while the rising edge is phase com­
pared to the rising edge of the VC0/2. As depicted in 
Figure 1, ORD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is devel­
oped from the VC0/2 clock. By utilizing a fully inte­
grated symmetrical VCO running at three times the 
data rate, the decode window is insured to be accurate 
and centered symmetrically about the rising edges of 
ORD. The accuracy of the 1/3 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of the decode window. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner the acquisition time is sub­
stantially reduced. 

After Read Mode is terminated (RG low), the VCO and 
ARC sources switch from RD and VC0/3, respectively, 
to the reference crystal. After a delay of one NAZ bit 
time (minimum) from when RG is low, write gate (WG) 
may be enabled (see figure 7 for timing diagram). NAZ 
is a tri-statable pin controlled by RG. NRZwill change 
states within one NAZ bit time. The NAZ pin can be 
connected to WDNRZ to form a bi-directional port. 

1191-rev. 



SSI 3205362A 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

SOFT SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 

7"0" 7"0" 11"0" 11"0" 

I~ ~ ~I~ ,. ··r ~I 

_I AG ENABLE 

BIT 
SYNC 

ADDRESS MARK DETECT 

10/ECC ENC_ 
DATA 

In Soft Sector Read Operation the SSI 32D5362A must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D5362A consists of two (2) 7 "O" patterns fol­
lowed by two 11 "O" patterns. To begin the read lock 
sequence the Address Mark Enable (AMENS) is as­
serted high by the controller. The SSI 32D5362A 
Address Mark Detect (AMO) circuitry then initiates a 
search of the read data (RD) for an address mark. First 
the AMO looks for a set of 6 "O's" within the 7 "O" 
patterns. Having detected a 6 "O" the AMO then looks 
fora9"O"setwithinthe11 "0's." If AMDdoes not detect 
9 "O's" within 5 RD bits after detecting 6 "O's" it will 
restart the Address Mark Detect sequence and look for 
6 "O's." When the AMD has acquired a 6 "O," 9 "O" 
sequence the AMO transitions low disabling AMENS 
input. When AM ENS is released, AMO will be released 
and reset by the SSI 32D5362A. The AMENS should 
be released prior to entering Read Mode. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected, Read 
Gate (RG) can be asserted initiating the remainder of 
the read lock sequence. When RG is asserted an 
internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
3T preamble. Once the counter reaches count 3 (finds 
(3) consecutive negative transistors) the internal read 
gate switches the phase detector input from the refer­
ence oscillatortothe Delayed Read Data (ORD); atthe 
same time a zero phase (internal) restart signal restarts 
the VCO in phase with the Delayed Read Data. This 
prepares the VCO to be synchronized to data when the 
bit sync circuitry is enabled after VCO lock is estab­
lished. 
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VCO LOCK & BIT SYNC ENABLE 

When the internal counter counts 16 more negative 
transitions or a total of 19 "3T's" from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at the 
count of 19, the RRC source switches from the refer­
ence oscillator to VCO clock signal which is phase 
locked to ORD. The VCO is assumed locked at this 
point. The bit sync circuitry searches for a '1001001' 
pattern to align the proper decode boundaries. During 
this time, an RRC pulse may be stretched a maximum 
of 2 RRC time periods during the alignment process to 
prevent any glitches. 

HARD SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Hard 
Sector Operation 
In hard sector operation a low AMENS disables the 
SSI 32D5362A's Address Mark Detection circuitry and 

I 19'"31'" I 
~ ~ 

BIT 
SYNC 

ID/ECC DATA- -

AMO remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se­
quences identically. In all respects, with the exception 
of the address mark search sequence, hard sector 
read operation is the same as soft sector read. 

WRITE MODE 

In the write mode the SSI 32D5362A converts NRZ 
data from the controller into 1, 7 RLL formatted data for 
storage on the disk. The SSI 32D5362A can operate 
with a soft or hard sector hard drive. 

Serial NRZ data is clocked into the SSI 32D5362A and 
latched on defined cell boundaries. The NRZ input data 
must be synchronous with the rising edges of the 
WCLK input. The WCLK input is a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. In SCSI or IDE operation, WCLK is 
connected directly to the RRC output. 



SSI 32D5362A 
Data Synchronization/1, 7 ALL ENDEC 
with Write Precompensation 

Write precompensation circuitry is provided to com­
pensate for intersymbol interference caused by media 
bit shift. The SSI 32D5362A recognizes specific write 
data patterns and can add or subtract delays inthe time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external RC network on the WCS pin 
where the capacitor is connected from WCS to VPA1 
and the resistor is connected from WCS to AGND. The 
equations is: 

TPC = 0. 053 (Re} (Cc+ Cs} 

When the write precompensation control latch, 
WCL is low, the SSI 32D5362A performs write 
precompensation according to the algorithm out­
lined in Table 4. 

SOFT SECTOR 

In soft sector operation, when Write Gate (WG} is 
asserted, the NAZ input (WDNRZ} must be kept low. 

TEST POINTS 

To generate an Address Mark (consisting of 7 "O's", 7 
"O's", 11 "O's", 11 "O's"} the Address Mark Enable 
(AMENB} is toggled high for a minimum of 1 NAZ bit 
time. The toggling of AMENBmustoccuratleast1 NAZ 
bit time after WG is asserted. Afterthe address mark is 
generated, WDNRZ must be kept low for an additional 
44 NAZ bits to properly generate 19 x '3T' for the 
preamble plus three '3T' for the bit sync field. Data can 
then be written on the WDNRZ line with the encode 
data appearing on WD 5 NAZ bit times later. After 
writing is complete, WG should be held high for an 
additional 5 NAZ bit times to ensure that the encoder is 
flushed. See figure 9 for timing diagram. 

HARD SECTOR 

After WG is asserted, WDNRZ must be kept low for a 
minimum of 44 NRZ bittimes to ensure a preamble field 
of at least 19 x "3T'' plus 3 x "3T" for the bit sync field. 
Data can then be written as in the soft sector operation. 

The SSI 32D5362A provides three (3) test points which can be utilized to evaluate window margin 
characteristics. 

(a) ORD, delayed read data - the positive edges represent the data bit position 

(b} VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 
1,7 decoder 

(c) VCO CLK, the VCO clock output which represents the output of the VCO 

The following figure describes the relationship between the various test points: 

VCOCLK 

VCO REF 

FIGURE 1: Test Point Relationships 
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SSI 3205362A 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

DECODE WINDOW ·r 14------·ll+·-----·ll+· -----·1 

Y2 

PHASE DET 
ENABLE • 

ARC 

NRZBffCELLr ---------< .... 
1
.,__ _______ •

1 

NOTE: • Denotes internal signal 

FIGURE 2: Data Synchronization Waveform 

I I 

x 4 D1 x D2 4 D3 x D4 

I PRESENT I 

x Y3 4 Y1 x Y2 x Y3 4 Y1 1,7CODE 

PREVIOUS I I 11 NEXT 
CODEWORD CODE WORD 

LAST BIT I I FIRSTBIT 

1 CODEWORD 

FIGURE 3: NRZ Data Word Comparision to 1, 7 Code Word 
(See Tables 1, and 2 for Decode Scheme) 
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SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

TABLE 1: Decode Table for (1, 7) RLL Code Set 

ENCODED READ DATA DECODED DATA 

Previous Present Next 
yy yyy yyy DD 
2' 3' 1 2 3 1 2 3 1 2 
0 0 0 0 0 xxx 0 1 
1 0 0 0 0 xxx 0 0 
0 1 0 0 0 xxx 0 1 
xx 1 0 0 xxx 1 1 
XO 0 1 0 0 0 1 1 
XO 0 1 0 1 0 1 0 
x 0 0 1 0 0 1 1 0 
x 1 0 1 0 0 0 0 1 
x 1 0 1 0 1 0 0 0 
x 1 0 1 0 0 1 0 0 
0 0 0 0 1 xx 0 1 
1 0 0 0 1 xx 0 0 
0 1 0 0 1 xx 0 0 JPreamblftl_ 
xx 1 0 1 xx 1 0 

TABLE 2: Encode Table for (1, 7) RLL Code Set 

NRZDATA ENCODED WRITE DATA 

Present Next Previous Present 
D D D D y y y y 

1 2 3 4 3 1 2 3 
0 0 0 x x 0 0 1 
0 0 1 x 0 0 0 0 
0 0 1 x 1 0 1 0 
1 0 0 x 0 1 0 1 
1 0 1 x 0 0 1 0 
0 1 0 0 0 0 0 1 
0 1 0 0 1 0 1 0 
0 1 1 0 0 0 0 0 
0 1 1 0 1 0 0 0 
0 1 0 1 0 0 0 1 
0 1 0 1 1 0 0 0 
0 1 1 1 0 0 0 0 
0 1 1 1 1 0 0 0 
1 1 0 0 0 0 1 0 
1 1 1 0 0 1 0 0 
1 1 0 1 0 1 0 0 
1 1 1 1 0 1 0 0 

NOTE: X =Don't Care 
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SSl32D5362A 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

TABLE 3: Clock Frequency 

VCO REF ARC DECCLK ENCCLK MODE 

XTAU2 XTAU3 XTAU2 XTAU2 IDLE 

RD VC0/3 VC0/2 XTAU2 READ 

XTAU2 XTAU3 XTAU2 XTAU2 WRITE 

XTAU2 XTAU3 XTAU2 XTAU2 ILLEGAL 

1: Until the VCO locks to the new source, the VC0/2 entries will 
be XTAU2. 

2: Until the VCO locks to the new source, the VC0/3 entries will 
be XTAU3. 

TABLE 4: Write Precompensation Algorithm 

BIT BIT BIT BIT BIT COMPENSATION 

n-2 n-1 n n+1 n+2 BIT n 

1 0 1 0 1 NONE 
----1 

0 0 1 0 0 NONE 

1 0 1 0 0 EARLY 

0 0 1 0 1 LATE 

LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+ 1 time position. 

EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 

TABLE 5: Write Precompensation Magnitude 

WCI wco MAGNITUDE.WP 

0 0 3 

0 1 2 

1 0 1 

1 1 0 

The nominal magnitude, 
(TPC =WP x 0.053 (Re) (Cc+Cs), is externally 
set with an R-C network on pin WCS. 

4-83 



SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

PIN DESCRIPTION 

INPUT PINS 

NAME TYPE DESCRIPTION 

RD I READ DATA: Encoded Read Data from the disk drive read channel, active 
low. 

RG I READ GATE: Selects the PLL reference input (REF), see Table 1. A change 
in state on RG initiates the PLL synchronization sequence. 

WG I WRITE GATE: Enables the write mode, see Table 2. 

WCLK I WRITE CLOCK: Write Clock input. Must be synchronous with the NAZ 
Write Data input. For small cable delays, WCLK may be connected directly 
to pin RAC. 

EPD I ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on pin VCO IN. Pin EPD has an internal resistor 
pull up. 

AMENB I ADDRESS MARK ENABLE: Used to enable the address mark detection 
and address mark generation circuitry, active high. 

WCO, WC1 I WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO 
control the magnitude of the write precompensation, see Table 4. Internal 
resistor pull ups are provided. 

WCL I WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 
up. 

WDNRZ I NAZ WRITE DATA INPUT PIN: This pin can be connected to the NAZ pin 
to form a bidirectional data port. 

OUTPUT PINS 

NAME TYPE DESCRIPTION 

WD 0 WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between ARC and 
WCLK) to one edge of the XT AL 1 input clock. 

ARC 0 READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller, see Table 2. During a mode change, no glitches are generated 
and no more than two lost clock pulses will occur. When RG goes high, ARC 
is synchronized to the NAZ Read Data after 19 read data pulses. 

AMD 0 ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WG is high or AM ENB is low. A latched low level output indicates 
that an address mark has been detected. A low level on pin AMENB resets 
pin AMD. 
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OUTPUT PINS (Continued) 

NAME TYPE 

VCO REF 0 

VCOCLK 0 

ORD 0 

NAZ 0 

ANALOG PINS 

NAME TYPE 

IREF I 

XTAL1, 2 I 

PD OUT 0 

VCOIN I 

wcs I 

DGND,AGND I 

VPA1, VPA2 I 

VPD I 

1191 - rev. 

SSI 32D5362A 
Data Synchronization/1, 7 ALL ENDEC 

with Write Precompensation 

DESCRIPTION 

VCO REFERENCE: An open emitter ECL output test point. The VCO 
reference input to the phase detector, the negative edges are phase locked 
to DLYD DATA. The positive edges of this open emitter output signal 
indicate the edges of the decode window. Two external resistors are 
required to perform this test, they should be removed during normal 
operation for reduced power dissipation. 

VCO CLOCK: An open emitter ECL outputtest point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. 

DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DAD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DR D's positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 
reduced power dissipation. 

NAZ READ DATA OUTPUT: Tristate output pin that is enabled when read 
gate is high. This pin can be connected to the WDNRZ pin to form a 
bidirectional data port. 

DESCRIPTION 

TIMING PROGRAM PIN: The VCO center frequency and the 1/3 cell delay 
are a function of the current sourced into pin IREF. 

CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XT AL 1 to ground. If the crystal oscillator 
is not desired, XTAL 1 may be driven by a TIL source with XT AL2 open. The 
source duty cycle should be close to 50% as possible since its duty cycle will 
affect the ARC clock duty cycle when XTAL is its source. The additional 
ARC duty cycle error will be one third the source duty cycle error. 

PHASE DETECTOR OUTPUT: Drives the loop filter input. 

VCO CONTROL INPUT: Driven by the loop filter output. 

WRITE PRECOMPENSATION SET: Pin for RC network to program write 
precompensation magnitude value. cp to VPA 1 • RP to AGN D. 

Digital and Analog Ground 

Analog +5V Supplies 

Digital +5V Supply 
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SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATING 

Storage Temperature -65 to+ 150 

Junction Operating Temperature, Tj Oto +130 

Supply Voltage, VPA1, VPA2., VPD -0.5to 7 

Voltage Applied to Logic Inputs -0.5 to VPD + 0.5 

Maximum Power Dissipation 1.1 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATING 

Supply Voltage, VPA1 = VPA2 = VPD = vcc 4.75 < vcc < 5.25 

Ambient Operating Temperature, TA 0 <TA< +70 

ELECTRICAL CHARACTERISTICS 

UNIT 

oc 

oc 

v 

v 

w 

UNIT 

v 

oc 

Unless otherwise specified, 4.75V< VCC <5.25V, 10 MHZ< 1/TORC <20 MHz, 30 MHZ< 1/TVCO <60 MHz, 
TA= 0°c to 70°C 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIH High Level Input 2.0 v 
Voltage 

VIL Low Level Input 0.8 v 
Voltage 

llH High Level Input VIH =2.7V 2.0 µA 
Current 

Ill Low Level Input VIL= 0.4V -1.5 mA 
Current 

VOH High Level Output IOH =400 µA 2.4 v 
Voltage 

VOL Low Level Output IOL = 4 mA 0.5 v 
Voltage 

ICC Power Supply Current All outputs open,* 170 190 mA 

PWR Power Dissipation Test point* pins open 0.85 1.0 w 

• WG, RG CANNOT both be high 
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SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN NOM MAX 

VOHT* Test Point 262U to VPD -0.85 
Output High Level 402U to GND 
DRD, VCO CLK, VPD = 5.0V 
VCO REF VOHT-VPD 

VOLT* Test Point 262U to VPD -1.75 
Output Low Level 402U to GND 
DRD, VCO CLK, VPD = 5.0V 
VCO REF VOLT-VPD 

* Monitor points only - Not tested 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 3) 

TRD Read Data Pulse Width Measured at 1.5V 15 TORC-20 

RRC Duty Cycle Measured at 1.5V, 15 Mbit/s 43 57 

TFRD Read Data Fall Time 2.ov too.av, CL..:;: 15 pF 15 

TRRC Read Clock Rise Time o.av to 2.ov, CL..:;: 15 pF 8 

TFNRZ NRZ Fall Time o.av to 2.ov, CL..:;: 15 pF 8 

TRNRZ NRZ Rise Time 2.ov too.av, CL..:;: 15 pF 5 

TFRC Read Clock Fall Time 2.ov too.av, CL..:;: 15 pF 5 

TPNRZ NRZ (out) Set Up/Hold 0.31 
Time TORC 

Decode Window Centering ±1.5 
Accuracy 

Decode Window l (2TORC/3) - ~ 

WRITE MODE (See Figure 4) 

TWO Write Data Pulse Width CL<:;:15pF See Note 1 See Note 2 

TFWD Write Data Fall Time 2.ov too.av, CL..:;: 15 pF 8 

TRWC** Write Data Clock o.av to 2.ov 10 
Rise Time 

TFWC** Write Data Clock 2.ov too.av 8 
Fall Time 

TSNRZ WDNRZ Set up Time 5 

THNRZ WDNRZ Hold Time 5 

Note 1: 3_ TOWC - 5 - 4. 76TPCO - TPC 
3 

Note 2: 3_ TOWC + 10- 4. 76TPCO- TPC 
3 

•• INPUT requirement - Not tested 
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SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

WRITE MODE (Continued) 

PARAMETER CONDITIONS 

TPC Precompensation TPC0=0.053 (Cc+Cs) (Re) 
Time Shift Rc=1k to 2k; 
Magnitude Cc+ Cs= 25pF to 40 pF; 
Accuracy Cs=stray capacity 

WCO = 1WC1=1 

WCO =0WC1=1 

WCO = 1WC1=0 

WCO =0 WC1 =0 

DATA SYNCHRONIZATION 

PARAMETER CONDITIONS 

TVCO VCO Center VCC = 5.0V, VCO_IN = 2.7V 
Frequency Period TO = 3.6 (RR + 2.3) 

TO (ns); RR (kQ) 
RR = 2.3k to 7.0k 

VCO Frequency 1V $ VCO_IN $ VCC-0.6V 
Dynamic Range 

KVCO VCO Control Gain coo = 2n/TVCO 
1V $ VCO IN$ VCC 0.6V 

KO* Phase Detector KD = 570/ (RR + 0.53) 
Gain KD(µNrad), RR (kQ), 

PLL REF= RD, 1T pattern 

*KVCO • KD Product Accuracy 

TD 1/3 Cell Delay TOO = 5.05 (RR + 0.530) 
RR= kQ 

·vco Phase Restart Error 

CONTROL CHARACTERISTICS (See Figure 5) 

PARAMETER CONDITIONS 

TSWS WCO, WC1 
SET UPTIME 

THWS WCO, WC1 
HOLD TIME 

• Indirectly tested 
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MIN NOM MAX UNIT 

0 ns 

TPCO ns 

(2)TPCO ns 

(3)TPCO ns 

MIN NOM MAX UNIT 

0.85 Tq 1.15 TO ns 

±20 ±40 % 

0.12roo 0.24 coo rad/s-V 

0.83 KO 1.17 KD µNrad 

-28 -28 % 

0.8TDO 1.2TDO ns 

6 ns 

MIN NOM MAX UNIT 

50 ns 

0 ns 
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SSI 32D5362A 
Data Synchronization/1, 7 ALL ENDEC 

with Write Precompensation 

NRZ(OUl) --------~ 
TPNRZ 

FIGURE 3: Read Timing 

TRWC TPWC 

~NAZ---------~ 

Wll"---------~ 

·~~~4 
FIGURE 4: Write Timing 

THWS 

FIGURE 5: Control Timing 
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PREAMBLE 
7 "O" 7 "O" 11 "O" 11 "O" "31" PATTERNS 

RO"~~~~~~--, 

0000000 

AME NB I 

XMD I 6 "0" 9 "O" CASE 1 
TRISTATE " DETECT DETECT TRISTATE 

,------- 1 ENCODED DATA 

f" AMENB _____J jjrTIMEMAXDELAY 

8 XM0 1 ZERO 

~ 
~ 

TRISTATE" I 6"0" 9"0" l3J DET_ECT DETECT TRISTATE CASE 2 

RO" 

6"0" 
DETECT 

7"0" 

9"0" 
DETECT 

H 5 bits of 'Rn are detected after 6 "O• are found and before 9 •rr then restan and look for 6 "0." 

6'0' 
Found 

CT 
1 

CT 
2 

CT 
3 

CT 
4 

FIGURE 6: Address Mark Search 

EXAMPLE 

CT 
5 

~RESTART 

CASE3 

0-o·&s·o-u DETECT 1st 
PATTERN 

== c (/) 
-· D> (/) ---::r D> w 
::e (/) I\) 

""~ c :::;: ::I (J1 
(D (') w 
"ti ::r en 
"" "" I\) (D 0 )> 
(') 2. 
0 N 
3!. 

"C -· (D 0 
::I~ 
U> ...&. 
D> ~ = ..... 
0 :::0 
::I r-

r­
m z 
c 
m 
0 



~ 

~ 

.... 
~ 

19 

(~RT) _J . -- . --

~-------------- -------- -

RG•----' 

3X"3T' 

JUJ~ 

i i i 
. 

ZERO PHASE 
RESTART 

VCOIN -----~ 

VCOLOCK 

RAC xx x--------------------------x x ~ R x---------x x ~ R x----=-=---~=---x ~· ~ x-------
2 ARC 2RRC 2ARC _, MAX r- _, MAX r- ~ MAX r-

NRZ PERK>OS PERIODS 
1 
x x x x-------------=-:··K)DS 

ENABLE 
BIT SNYC SEARCH 

OISi'BLE 

RRC 
SOURCE 

PHASE OET SOU~E 

DLYDRO . 
.. 

VCOCLK 

AEFOSC .. 
REFOSC 

----·-·----

~-------- --·-------···--

MCOUNT"EA ----------------------------------------------------
19 

"'-lntemal Source .. 
:-TestPoi11 

FIGURE 7: Read Mode Locking Sequence (Soft and Hard Sector) 
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::::J 
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::::J me 
t/) z U1 
Q) cw 
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.... 
~ 

~ 
~ 

s-- -~ 
WG I I 

I 1 NRZMIN 

WG 
(INTERNAL) 

AMENB 

WlXl 

WDNRZ 

r--;--- 1 NRZ MIN 
I ... I 27NRZMAX 

1 TIMING BETWEEN AMENB & START OF WONRZ TIMING 
~~~~~I-II-- MUST MEET TIME REQUIREMENTS OF WRITE DATA. 

----'--'I 1 ~ n n~- ___ n __ 
VVV I VV -vvv- -- -- -- VVV - VV 

I I I I 1- ---~ 

I I _ __ L _ _ _l___ __ __ _J I I 
I AM , - ENCDATA ---, - AM I ENCDATA I AM I ENCDATA 1- AM - I ENCDATA I 

FIGURE 8: Multlple Address Mark Write 
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ll!f MIN I 

WG 

WG 
(INTERNA4 

AMENB 

WDNRZ 

Wll!l" 

VCOLOCK 

1 NRZ l+--.BITMIN 

I ----M-IN44NRZBITSIFW. I 
,~ AMENB . 

----~ L.__ 1 NRZMIN '-----

rr-VNRZ I 14 MAX MINOF72r='·~r~=MENOED • 

____ -+J~B~\~~:Z=1N~~l--------------------------------------------~-
MAX OF 3 X 3T (1,7) DELAY TO SYNC AMENS 

TO INTERNAL STATE MAX OF 5 NRZ BITS DELAY 

001 

14 ADDRESS MARK •14 PREAMBLE ____J___. ENCODED DATA 
{19 x 3T PATIERN) 1 .. 

5 NRZ BITS PAD 
TO FLUSH 
ENCODER 

(INTERNAL) --i 
l~_v_co_LOCK __ s_eu_T_vco __ "_oc_K_s_1G_N_A_L_w_1LL_s_T_A_v_1NA_cr_1v_E ________________________________________ _ 

vco 
SOURCE RD-*- XTAL -. 
~~RCE "";' ""*"" ~AL 

RRC xxx I ~ x 
~TIMEPERIODS 

OFRRC 

FIGURE 9: Write Data 
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SSI 32D5362A 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

PACKAGE PIN DESIGNATIONS CAUTION: Use handling procedures necessary 

(Top View) for a static sensitive component. 

m 
ifi ~ 

0 u. z E ~ ~ ~ ~ 
w 

> g; 

25 VCOIN 

24 PD OUT 

23 VPA1 

22 tfRtj 

21 VCOCLK 

WCO" 20 VCOREF 

19 VPD 
12 13 14 15 16 17 18 

~ !l! ~ 0 

~ ~ z z a: (!) 
0 x 

28-Pln PLCC 

ORDERING INFORMATION 

PART DESCRIPTION 1 ORDERING NUMBER 1 PACKAGE MARK 

SSI 32D5362A 

28-Pin PLCC I 32D5362A-CH l 3205362A-CH 

No responsibility is assumed by Silicon Systems for use of this produot nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 
Patent No. (4,803,445) 
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DESCRIPTION 

The SSI 32D537 Data Synchronizer/1, 7 RLL EN DEC 
family provides data recovery and data encoding for 
storage systems which employ a 1, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D537 family has been optimized for opera­
tion as a companion device to the SSI 32C4650 con­
troller. The VCO frequency setting elements are incor­
porated within the SSI 32D537 family for enhanced 
performance and reduced board space. Data rate is 
established with a single external programming resis­
tor. The SSI 32D5371 family utilizes an advanced 
bipolar process technology which affords precise de­
code window control without the requirement of an 
accurate 1/3 cell delay or external devices. The SSI 
32D537 family requires a single +5V supply. 

BLOCK DIAGRAM 
IREF 

XTALO 

.... 

1191 -rev. 4-95 

SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

IQi§lh,lliFifi•lfifii 
November 1991 

FEATURES 

• 3205371 - ECL RD Input Option, 10 to 24 Mblt/s 
• 3205372 - T1l. RD Input Option, 10 to 241111>11/s 
• 3205373 - T1l. RD Input Option, 15 to 32 Mblt/s 
• 32D5374 - ECL RD Input Option, 15 to 32 Mblt/s 
• Data Synchronizer and 1, 7 RLL ENDEC 
• Data Rate programmed with a single external 

resistor or current source 

• Optimized for operation with the SSI 32C4650 
controller. 

• Fast acquisition phase lock loop 
- Zero phase restart technique 

• Fully Integrated data separator 
- No external delay lines or active devices 

required 

• Programmable write precompensatlon 
• Hard and soft sector operation 
• Crystal controlled reference oscillator 
• +5V operation 
• 28-Pln PLCC & 28-Pin SOL packages 
• Test outputs - Allow drive margin testing 

VCO REF EPD PD OUT \ICD IN \ICO CLK VPA1 YPNI. 



SSI 3205371/2/3/4 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

OPERATION 

The SSI 32D5371, 32D5372, 3205373, 32D5374 prod­
uct family, hereafter designated as the 32D537X, are 
designed to perform data recovery and data encoding in 
rotating memory systems which utilize a 1, 7 ALL encod­
ing format. In the Read Mode the SSI 32D5367X 
performs Data Synchronization, Sync Field Search and 
Detect, Address Mark Detect, and Data Decoding. In 
the Write Mode, the SSI 32D537X converts NAZ data 
into the 1,7 ALL format described in Table 1, performs 
Write Precompensation, and inserts Address Marks as 
requested. The interlace electronics and architecture of 
the SSI 32D537X have been optimized for use as a 
companion device to the SSI 32C9000 controller. 

The SSI 32D537X can operate with data rates ranging 
from 10 to 20 MbiVs. This data rate is established by a 
single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO centerfrequency, the phase 
detector gain, and the 1/3 cell delay. The value of this 
resistor is given by: 

32D5371/ 5372: RR= 92·6 -1. 7(k.Q) 
DR 

32D5373/5374: RR= ~3: -1.7(kil) 

where: DR = Data Rate in MbiVs. 

An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer­
ence for the PLL. A series resonant crystal between 
XT AL 1 and XTAL2 should be selected atthree times the 
Data Rate. If a crystal oscillator is not desired, then an 
AC coupled ECL source may be applied to XTAL 1, 
leaving XT AL2 open. A TTL compatible reference may 
also be used if suitably attenuated and AC coupled. 

The SSI 32D537X employs a Dual Mode Phase Detec­
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of a DYLD DATA pulse. In the Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en­
abled, thus maintaining both phase and frequency lock. 
By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DL YD DATA is elimi­
nated. 

width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

The READ GATE (RG), and WRITE GATE (WG) inputs 
control the device mode. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win­
dow. Read Gate, RG, initiates the PLL locking se­
quence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 

In the Read Mode the falling edge of DAD enables the 
Phase Detector while the rising edge is phase com­
pared to the rising edge of the VC0/2. As depicted in 
Figure 1, DAD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is developed 
from the VC0/2 clock. By utilizing a fully integrated 
symmetrical VCO running at three times the data rate, 
the decode window is insured to be accurate and 
centered symmetrically about the rising edges of DAD. 
The accuracy of the 1 /3 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for track­
ing actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase align­
ment with the next PLL reference input pulse, and the 
VCO clock divider is reset. By minimizing the phase 
alignment in this mannerthe acquisition ti me is substan­
tially reduced. 

After Read Mode is terminated (RG low), the VCO and 
ARC sources switch from RD and VC0/3, respectively, 
to the reference crystal. After a delay of one NAZ bittime 
(minimum) from when RG is low, write gate (WG) may 
be enabled (see figure 7 for timing diagram). N RZ is a tri­
statable pin controlled by RG. NRZ will change states 

The phase detector incorporates a charge pump in within one NRZ bit time. The NAZ pin can be connected 
order to drive the loop fiiter directly. The polarity and to WDNRZ to form a bi-directional port. 
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SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

SOFT SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 

7"0" 1"0" 11"0" 11·0· 

~ ~ ~I. , •.• r ~I 

__r--RG ENABLE 

BIT 
SYNC 

ADDRESS MARK DETECT 

ID/ECC ENC 
DATA 

In Soft Sector Read Operation the SSI 32D537X must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D537X consists of two (2) 7 "O" patterns fol­
lowed by two 11 "O" patterns. To begin the read lock 
sequence the Address Mark Enable (AMENS) is 
asserted high by the controller. The SSI 32D537X 
Address Mark Detect (AMO) circuitry then initiates a 
search of the read data (RD) for an address mark. First 
the AMO looks for a set of 6 "O's" within the 7 "O" 
patterns. Having detected a 6 "O" the AMO then looks 
fora9"O"setwithinthe11 "O's." If AMO does not detect 
9 "O's" within 5 RD bits after detecting 6 "O's" it will 
restart the Address Mark Detect sequence and look for 
6 "O's." When the AMO has acquired a 6 "O," 9 "O" 
sequence the AMO transitions low disabling AMENS 
input. When AMENS is released, AMO will be released 
and reset by the SSI 32D537X. The AMENS should be 
released prior to entering Read Mode. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected, Read 
Gate (RG) can be asserted initiating the remainder of 
the read lock sequence. When RG is asserted an 
internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
negative transitions. Once the counter reaches count 
3 (finds (3) consecutive negative transistors) the inter­
nal read gate switches the phase detector input from 
the reference oscillator to the Delayed Read Data 
(ORD); at the same time a zero phase (internal) restart 
signal restarts the VCO in phase with the Delayed 
Read Data. This prepares the VCO to be synchronized 
to data when the bit sync circuitry is enabled after VCO 
lock is established. 

1191 - rev. 4-97 

VCO LOCK & BIT SYNC ENABLE 

When the internal counter counts 16 more negative 
transitions or a total of 19 "3T's" from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at the 
count of 19, the RRC source switches from the refer­
ence oscillator to VCO clock signal which is phase 
locked to ORD. The VCO is assumed locked at this 
point. The bit sync circuitry searches for a '1001001' 
pattern to align the proper decode boundaries. During 
this time, an RRC pulse may be stretched a maximum 
of 2 RRC time periods during the alignment process to 
prevent any glitches. 

HARD SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Hard 
Sector Operation 

I ,9 .. 31" I . ~ 

_]RGENABLE 

BIT 
SYNC 

ID/ECC DATA- -

In hard sector operation a low AMENS disables the 
SSI 32D537X's Address Mark Detection circuitry and 
AMO remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se­
quences identically. In all respects, with the exception 
of the address mark search sequence, hard sector 
read operation is the same as soft sector read. 

WRITE MODE 

In the write mode the SSI 32D537X converts NAZ data 
from the controller into 1,7 ALL formatted data for 
storage on the disk. The SSI 32D537X can operate 
with a soft or hard sector hard drive. 

Serial NAZ data is clocked into the SSI 32D537X and 
latched on defined cell boundaries. The NAZ input data 
must be synchronous with the rising edges of the 
WCLK input. The WCLK input is a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. In SCSI or I DE operation, WCLK is 
connected directly to the ARC output. 



SSI 3205371/2/3/4 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

Write precompensation circuitry is provided to com­
pensate for intersymbol interference caused by media 
bit shift. The SSI 32D537X recognizes specific write 
data patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external register on the WCS pin 
where the register is connected from WCS to VPA 1. 

When the write precompensation control latch, 
WCL is low, the SSI 32D537X performs write 
precompensation according to the algorithm out­
lined in Table 4. 

SOFT SECTOR 

In soft sector operation, when Write Gate (WG) is 
asserted, the NAZ input (WDNRZ) must be kept low. 
To generate an Address Mark (consisting of 7 "O's", 7 
"O's", 11 "O's'', 11 "O's") the Address Mark Enable 

TEST POINTS 

(AMENS) is toggled high for a minimum of 1 NAZ bit 
time. The toggling of AMENBmustoccuratleast 1 NAZ 
bit time afterWG is asserted. After the address mark is 
generated, WDNRZ must be kept low for an additional 
44 NAZ bits to properly generate 19 x '3T' for the 
preamble plus three '3T' for the bit sync field. Data can 
then be written on the WDNRZ line with the encode 
data appearing on WD 5 NAZ bit times later. After 
writing is complete, WG should be held high for an 
additional 5 NAZ bit times to ensure that the encoder is 
flushed. See Figure 9 for timing diagram. 

HARD SECTOR 

After WG is asserted, WDNRZ must be kept low for a 
minimum of 44 NAZ bit times to ensure a preamble field 
of at least 19 x "3T'' plus 3 x "3T" for the bit sync field. 
Data can then be written as in the soft sector operation. 

The SSI 32D537X provides three (3) test points which can be utilized to evaluate window margin 
characteristics. 

(a) DAD, delayed read data - the positive edges represent the data bit position 

(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 
1,7 decoder 

(c) VCO CLK, the VCO clock output which represents the output of the VCO 

The following figure describes the relationship between the various test points: 

VCO CLK 

VCO REF 

FIGURE 1: Test Point Relationships 
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1,7RLLDATA 

vco 

VC0/2 • 

SSI 3205371/2/3/4 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

DECODE WINDOW • •14-----l·M4141------·1·4 -----·I 

Y2 

PHASE DET 
ENABLE • 

RRC l._______.. L 
NRZBITCELL l·---------"+----------·I 

NOTE: • Denotes Internal signal 

FIGURE 2: Data Synchronization Wavefonn 

I I 

x 4 D1 x D2 4 03 x 04 

I PRESENT I 

x Y3 4 Y1 x Y2 x Y3 4 Y1 1,7CODE 

PREVIOUS , , I 1 NEXT CODEWORD CODEWORD 
LASTBIT I I FIRSTBIT 

1 CODEWORD 

FIGURE 3: NRZ Data Word COmparlslon to 1, 7 Code Word 
(See Tables 1, and 2 for Decode Scheme) 
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SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

TABLE 1: Decode Table for (1, 7) RLL Code Set 

ENCODED READ DATA DECODED DATA 

Previous Present Next 
VY yyy VY D D 
2' 3' 1 2 3 1 2 1 2 
0 0 0 0 0 xx 0 1 
1 0 0 0 0 xx 0 0 
0 1 0 0 0 xx 0 1 
xx 1 0 0 xx 1 1 
XO 0 1 0 0 0 1 1 
XO 0 1 0 1 0 1 0 
XO 0 1 0 0 1 1 0 
x 1 0 1 0 0 0 0 1 
x 1 0 1 0 1 0 0 0 
x 1 0 1 0 0 1 0 0 
0 0 0 0 1 xx 0 1 
1 0 0 0 1 xx 0 0 
0 1 0 0 1 xx 0 O _1Preamblel 
xx 1 0 1 xx 1 0 

TABLE 2: Encode Table for (1, 7) RLL Code set 

NRZDATA ENCODED WRITE DATA 

Present Next Previous Present 
D D D D y y y y 
1 2 3 4 3 1 2 3 
0 0 0 x x 0 0 1 
0 0 1 x 0 0 0 0 
0 0 1 x 1 0 1 0 
1 0 0 x 0 1 0 1 
1 0 1 x 0 0 1 0 
0 1 0 0 0 0 0 1 
0 1 0 0 1 0 1 0 
0 1 1 0 0 0 0 0 
0 1 1 0 1 0 0 0 
0 1 0 1 0 0 0 1 
0 1 0 1 1 0 0 0 
0 1 1 1 0 0 0 0 
0 1 1 1 1 0 0 0 
1 1 0 0 0 0 1 0 
1 1 1 0 0 1 0 0 
1 1 0 1 0 1 0 0 
1 1 1 1 0 1 0 0 

NOTE: X = Don't Care 
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SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

TABLE 3: Clock Frequency 

WG RG VCOREF RRC DECCLK ENCCLK MODE 

0 0 XTAU2 XTAU3 XTAU2 XTAU2 IDLE 

0 1 RD VC0/3 VC0/2 XTAU2 READ 

1 0 XTAU2 XTAU3 XTAU2 XTAU2 WRITE 

1 1 XTAU2 XTAU3 XTAU2 XTAU2 IDLE 

Note 1: Until the VCO locks to the new source, the VC0/2 entries will 
be XTAU2. 

2: Until the VCO locks to the new source, the VC0/3 entries will 
be XTAU3. 

TABLE 4: Write Precompensatlon Algorithm 

BIT BIT BIT BIT BIT COMPENSATION 

n-2 n-1 n n+1 n+2 BITn 

1 0 1 0 1 NONE 

0 0 1 0 0 NONE 

1 0 1 0 0 EARLY 

0 0 1 0 1 LATE 

LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+ 1 time position. 

EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 

TABLE 5: Write Precompensation Magnitude 

WCI wco MAGNITUDE (WP) 

0 0 3 

0 1 2 

1 0 1 

1 1 0 

The nominal magnitude, 
TPC = WP x TPCO is externally set with resistors 
on pins WCS and IREF. 

4-101 



SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

PIN DESCRIPTION 

INPUT PINS 

NAME TYPE DESCRIPTION 

RD (TTL) I READ DATA: Encoded Read Data from the disk drive read channel. The 
AD (ECL) TTL input version (5372/5373) is an active low signal. The ECL input version 

(5371/5374) is an active high signal. 

AG I READ GATE: Selects the PLLreference input (REF), see Table2. A change 
in state on AG initiates the PLL synchronization sequence. Pin RG has an 
internal resistor pullup. 

WG I WRITE GATE: Enables the write mode, see Table 2. Pin WG has an internal 
resistor J>.UllU_E: 

WCLK I WRITE CLOCK: Write Clock input. Must be synchronous with the NAZ 
Write Data input. For small cable delays, WCLK may be connected directly 
to pin RAC. 

EPD I ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and enables the test mode. This opens the PLLand the VCO 
will run at the frequency commanded by the voltage on pin VCO IN. In the 
test mode, functions normally driven by the VCO are switched to XTAL. Pin 
EPD has an internal resistor pull up. 

AMENS I ADDRESS MARK ENABLE: Used to enable the address mark detection 
and address mark generation circuitry, active high. Pin AMENS has an 
internal resistor_12._ulll!Q, 

WCO, WC1 I WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO 
control the magnitude of the write precompensation, see Table 4. Internal 
resistor pull ups are provided. If unused, leave pins open or tie high. 

WCL I WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 
up. If unused, leave pin open or tie high. 

WDNRZ I NAZ WRITE DATA INPUT PIN: This pin can be connected to the NAZ pin 
to form a bidirectional data port. 

OUTPUT PINS 

woo 0 WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between ARC and 
WCLK) to one edge of the XT AL 1 input clock. 

ARC 0 READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller, see Table 2. During a mode change, no glitches are generated 
and no more than two lost clock pulses will occur. When RG goes high, ARC 
is synchronized to the NAZ Read Data after 19 read data pulses. 

AMO 0 ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WG is high or AM ENB is low. A latched low level output indicates 
that an address mark has been detected. A low level on pin AMENS resets 
pin AMO. 
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OUTPUT PINS (Continued) 

NAME TYPE 

VCO REF 0 

VCOCLK 0 

DAD 0 

NAZ 0 

ANALOG PINS 

IREF I 

XTAL1, 2 I 

PD OUT 0 
VCOIN I 

wcs I 

DGND,AGND I 

VPA1, VPA2 I 

VPD I 

1191 - rev. 

SSI 3205371/2/3/4 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

DESCRIPTION 

VCO REFERENCE: An open emitter ECL output test point. The VCO 
reference input to the phase detector, the positive edges are phase locked 
to DLYD DATA. The negative edges of this open emitter output signal 
indicate the edges of the decode window. Two external resistors are 
required to perform this test, they should be removed during normal 
operation for reduced power dissipation. 

VCO CLOCK: An open emitter ECLoutputtest point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. 

DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DAD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DR D's positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 
reduced power dissipation. 

NAZ READ DATA OUTPUT: Tristate output pin that is enabled when read 
gate is high. This pin can be connected to the WDNRZ pin to form a 
bidirectional data port. 

TIMING PROGRAM PIN: The VCOcenterfrequency andthe 1/3 cell delay 
are a function of the current sourced into pin IREF. The current is set by an 
external resistor, RR, connected between pin IREF and VPA2. 

CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XT AL 1 to ground. If the crystal oscillator 
is not desired, XT AL 1 may be driven either by an AC coupled suitably 
attenuated TTL source or by an AC coupled ECL source, with XT AL2 open. 
The source duty cycle should be as close to 50% as possible, since its duty 
cycle will affect the RAC clock duty cycle when XTAL is its source. The 
additional R RC duty cycle error will be one third the source duty cycle error. 

PHASE DETECTOR OUTPUT: Drives the lo<m_ filter ilJQ_ut. 

VCO CONTROL INPUT: Driven by the loop filter output. 

WRITE PRECOMPENSATION SET: Pin fora resistor to program the write 
precompensation magnitude value. The resistor, RC, is connected between 
pin WCS and VPA2. If this pin is left open, write precompensation is 
disabled. 

D_!gital and Analqg_ Ground 

Analog +SV Supplies 

Digital +SV Supply 

4-103 



SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATING 

Storage Temperature -65 to+ 150 

Junction Operating Temperature, Tj +150 

Supply Voltage, VPA1, VPA2, VPD -0.5 to 7 

Voltage Applied to Logic Inputs -0.5 to VPD + 0.5 

Maximum Power Dissipation 0.9 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage, VPA1 = VPA2 = VPD = VCC 4.75 < vcc < 5.25 

Junction Temperature, Tj 0<Tj<135 

Ambient Tem_J>erature, Ta 0 <Ta< 70° 

ELECTRICAL CHARACTERISTICS 

UNIT 
oc 
oc 
v 
v 
w 

v 
oc 
oc 

Unless otherwise specified, 4.75V < VCC < 5.25V, 10 MHz< 1/TORC < 24 MHz, 30 MHz< 1/TVCO < 72 MHz 
(32D5371/5372), 15 MHz< 1/TORC < 32 MHz, 45MHz<1/TVCO <96 MHz (32D537315374), 0°C <Ta< 70°C. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIH High Level Input 2.0 v 
Voltage 

VIL Low Level Input 0.8 v 
Voltage 

llH High Level Input VIH = 2.7V 20 µA 
Current 

Ill Low Level Input VIL= 0.4V -0.36 mA 
Current 

VOH High Level Output IOH = 400µA 2.4 v 
Voltage 

VOL Low Level Output IOL= 4 mA 0.5 v 
Voltage 

VIHP Pseudo ECL High Level Ta= 25°C VCC-1.0 v 
Input Voltage; RD 

VILP Pseudo ECL Low Level Ta= 25°C VCC-1.5 v 
Input Voltage; RD 

llHP Pseudo ECL High Level VIH = VCC -0.8V 2.0 mA 
Input Current; RD 

llLP Pseudo ECL Low Level VIL= VCC -1.5V 1.6 mA 
Input Current; RD 

ICC Power Supply Current All outputs & test point 160 mA 
pins open 

PWR Power Dissipation All outputs & test point 0.84 w 
pins open 
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SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

VOHT Test Point 262Qto VPD 
Output High Level 402Qto DGND 
DAD, VCO CLK, VPD= 5.0V 
VCO REF VOHT-VPD 

VOLT Test Point 2620 to VPD 
Output Low Level 402Qto DGND 
DAD, VCO CLK, VPD = 5.0V 
VCOREF VOLT-VPD 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 3) 

PARAMETER CONDITIONS 

TAD Read Data Pulse Width 

TFRD Read Data Fall Time 2.ov to 0.8V, CL::;; 15 pF 

TRAC Read Clock Rise Time 0.8V to 2.0V, CL::;; 15 pF 

TFRC Read Clock Fall Time 2.0V to 0.8V, CL::;; 15 pF 

ARC Duty Cycle 10 - 20 Mbit/s 

>20 - 32 Mbit/s 

TPNRZ NAZ (out) Set Up/ 10 - 20 Mbit/s 

Hold Time >20 - 24 Mbit/s 

>24 - 32 Mbit/s 

KD Decode Window 
Centering Accuracy 

Decode Window 

WRITE MODE (See Figure 4) 

PARAMETER CONDITIONS 

TWD Write Data Pulse Width CL::;;15pF 

TFWD Write Data Fall Time 2.0V to 0.8V, CL::;; 15 pF 

TRWC Write Data Clock 0.8Vto 2.0V 
Rise Time 

TFWC Write Data Clock 2.0Vto 0.8V 
Fall Time 

TSNRZ WDNRZ Set up Time 

THNRZ WDNRZ Hold Time 

4-105 

MIN NOM MAX UNIT 

-0.85 v 

-1.75 v 

MIN NOM MAX UNIT 

12 4/3TORC·20 ns 

9 ns 

8 ns 

5 ns 

43 50 57 % 

40.8 50 59.2 % 

15.5 ns 

13 ns 

10 ns 

±1.5 ns 

~TORC/3) · 1.~ ns 

MIN NOM MAX UNIT 

2TOWC/3 2TOWC/3 ns 
+TPC 

-TPC -5 +5 

5 ns 

10 ns 

8 ns 

5 ns 

5 ns 



SSI 3205371/2/3/4 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

WRITE MODE (Continued) 

PARAMETER CONDITIONS 

TPC Precompensation TPCO = 1.12Tx A/ (B + 3A) 
Time Shift T- XTAL Period 

Magnitude A= 0.19 /(Re+ 0.51) + 5.8E-3 

Accuracy B = 0.42 I (RR + 0.53) + 1.08E-2 

RC 
0.19(1- 2.7S) 

-0.51 
S[ RR~:::S3) + 0.025 )-0. 006 

S • TPCO/T; RR, RC (kn) 
(Re tied between WCS and +5V) 

WCO = 1, WC1 = 1 

WC0" = 0, WC1 = 1 

WCO = 1, WC1 = 0 

WC0" = 0, WC1 = 0 

MIN NOM MAX UNIT 

0 0 ns 

TPCO ns 

2TPCO ns 

3TPCO ns 

DATA SYNCHRONIZATION VCC = 5.0V; 3205371/2: 2.15k::;; RR::;; 7.6k; 3205373/4: 2.60k::;; RR::;; 7.6k 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TVCO VCO Center VCO_IN • 2.7V 0.8TO 1.2TO ns 
Frequency Period 32D5371/5372 TO= 3.6(RR+1.7) 

3205373/537 4 TO .. 2.4 (RR + 1. 7) 

vco Frequency 1 Vs VCO_IN s VCC-0.6V ±25 ±45 % 
Dynamic Range 

KVCO VCO Central Gain mo = 2n/TVCO 0.14 mo jo.26 mo rad/s-V 
1 Vs VCO_IN s VCC 0.6V 

KD Phase Detector KD= 0.66/(RR+530) Read Mode 0.83 KD 1.17KD µA/rad 
Gain* = 0.33/(RR+530) Non-Read Made 

Indirectly tested 

KVCO x KD Product Indirectly tested -28 -28 % 
Accuracy* 

VCO Phase Referred to ARC -1 1 rad 
Restart Error* Indirectly tested 

TPAMD AMO Propogation Delay 1 O - 24 Mbit/s 13 ns 
>24 - 32 Mbit/s 10 ns 

113 Cell Delay TD = 3.6 (RR+ 1. 7): 32D537112 0.8TD 1.2TD ns 
TD = 2.4 (RR+ 1. 7): 32D5373/4 

CONTROL CHARACTERISTICS (See Figure 5) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TSWS WCO, WC1 7 ns 
SET UPTIME 

THWS WCO, WC1 7 ns 
HOLD TIME 
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SSI 3205371/2/3/4 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

~TRD7 1.sv ~~FRO / 

TPNRZ 

1.5V 

TPAMD TPAMD 

FIGURE 3: Read Timing 

TFWC 

FIGURE 4: Write Timing 

THWS 

FIGURE 5: Control Timing 
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SSI 3205371 /2/3/4 
Data Synchronization/1, 7 RLL EN DEC 
with Write Precompensation 

PACKAGE PIN DESIGNATIONS 
(Top View) 

RD(ECL) 
l'lll"(TTL) 1 AGND 

VPA2 2 EPD 

AMENB 3 IREF 

WG 4 VCOIN 

RG 5 PD OUT 

WCLK 6 VPA1 

WDNRZ 7 "ORl5 

wee 8 21 VCOCLK 

"Wm 9 VCO REF 

mo 10 VPD 

WCS 11 XTAL2 

woo 12 XTAL1 

NAZ 13 DGND 

~ 14 ARC 

28-Pin SOL 

ORDERING INFORMATION 

PART DESCRIPTION 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

4321282726 
RG 5 25 VCOIN 

WCU< 8 24 PO OUT 

WDNRZ 7 23 VPA1 

~ a 22 mm 
WCi 9 21 VCO CU< 

Vim" 10 20 VCOREF 

WCS 11 19 VPD 
12 13 14 15 18 17 18 

~~~~~~~ 
28-Pln PLCC 

l ORDERING NUMBER l PACKAGE MARK 

SSI 32D5371 Data ~nchronization/1, 7 RLL ENDEC with Write Precompensation 
28-Pin SOL J 32D5371-CL I 32D5371-CL 

28-PIN PLCC l 32D5371-CH I 32D5371-CH 

SSI 32D5372 Data ~nchronization/1, 7 RLL EN DEC with Write Precoll}Q_ensation 

28-Pin SOL J 32D5372-CL 1 32D5372-CL 
28-PIN PLCC l 32D5372-CH I 32D5372-CH 

SSI 32D5373 Data ~nchronization/1 7 RLL ENDEC with Write Precom_Jl_ensation 
28-Pin SOL J 32D5373-CL J 32D5373-CL 

28-PIN PLCC l 32D5373-CH I 32D5373-CH 

SSI 32D5374 Data ~nchronization/1, 7 RLL ENDEC with Write Precom~nsation 

28-Pin SOL J 32D5374-CL I 32D5374-CL 

28-PIN PLCC 1 3205374-CH I 3205374-CH 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verily that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

Protected by the following patent: (4,803,445) 
©1990 Silicon Systems, Inc. 
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DESCRIPTION • 
The circuit is intended to be used as a data/clock 
recovery circuit for 1, 7 RLL code in hard disk drive • 
systems with a +5V supply. 

FEATURES 
• • Data synchronizer and 1, 7 RLL ENDEC 

• 9-blt bl-cUrectlonal data bus Interface 

8 data bits plus 1 parity bit 
Parity generation during read operation • 
Parity checking during write operation • 

• Up to 48 Mblt/s operation 
• 

Data rate programmed with a single external 
resistor or current source • 

• Programmable Sync-Byte pattern detection 

BLOCK DIAGRAM 

1291 - rev. 4-113 

SSI 320539 
Data Synchronizer 
& 1, 7 RLL ENDEC 

December 1991 

Fast acquisition phase locked loop with zero 
phase restart technique 

Fully integrated data separator 

No external delay lines or active devices 
required 

Programmable decode window symmetry 4 control 
Includes delayed read data and VCO clock 
monitor points 

Programmable write precompensation 

Hard and soft sector operation 

Uses standard 5V ± 5% supply 

44-pin PLCC package 

-.~ms: 

RCLK 
NCLK 
WCLK 

AMm 

AMO 

NAZ7 

NAZ6 

NAZ5 

NAZ4 

NAZ3 

NAZ2 

NAZ1 

NAZO 

NRZP 



SSI 320539 
Data Synchronizer 
& 1, 7 ALL ENDEC 

OPERATION 

DATA/CLOCK RECOVERY CIRCUIT 

The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which utilize 
a 1, 7 RLLencodingformat. lnthe read mode the circuit 
performs data synchronization, sync field search and 
detect, address mark detect, and data decoding. In the 
write mode, the circuit converts NRZ data into the 1, 7 
RLL format described in Table 1, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. 

This data rate is established by a single 1% external 
resistor, RR, connectedfromthe IREFpinto VPA. This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1 /3 cell delay. The value of this resistor is given by: 

RR= ~8:-1.?kQ 
Where: DR = data rate in MbiUs 

Alternately, the IREF pin can be driven from the SSI 
32D4660 in a constant density recording application. 

The circuit employs a dual mode phase detector; 
harmonic in the read mode and non-harmonic in the 
write and idle modes. In the read mode, the harmonic 
phase detector updates the PLL with each occurrence 
of a DLYD DATApulse. lnthewrite and idle modes, the 
non-harmonic phase detector is continuously enabled, 
thus maintaining both phase and frequency lock. By 
acquiring both phase and frequency lock to the input 
reference frequency and utilizing a zero phase restart 
technique, false lock to DLYD DATA is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

7 ''O'', 7 ''O", 11 "O", 11 ''O" 

Gap 

I· i + 19"3T" ·I 
Address 3X 

Mark "3T"' 
vco 
Lock 

_I RGEnable 

The READ GATE (RG) and WRITE GATE (WG) inputs 
control the mode of the data/clock recovery section of 
the chip. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output write data pulse. 

READ OPERATION 

The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read gate, AG, initiates the PLL locking 
sequence and selects the PLL reference input; a low 
level (read mode) selects the RD input and a high level 
selects the external reference clock. 

In the read mode the falling edge of DRD enables the 
phase detectorwhile the rising edge is phase compared 
to the rising edge of VCO. As depicted in Figure 1, DRD 
is a 1 /3 cell wide (TVC0/2) pulse whose leading edge 
is defined by the leading edge of RD. A decode window 
is developed from the VCO clock. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the ORD pulse within the 
decode window. Decode window control is provided 
via the WS controls. 

In the non-read modes, the PLL is locked to the 
external reference clock. When the reference input to 
the PLL is switched, the VCO is stopped momentarily, 
then restarted in an accurate phase alignment with the 
next PLL reference input pulse, and the VCO clock 
divider is reset. 

ADDRESS MARK DETECT 

In soft sector read operation the circuit must first detect 
an address mark to be able to initiate the rest of the read 
lock sequence. An address mark consists of two sets 

Bit 
Sync 

Sync 
Byte 

Encoded 
Da1a 

FIGURE 1: Disk Operation Lock Sequence in Read Mode Soft Sector Operation 
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of 7 "O" patterns followed by two sets of 11 "O" patterns. 
To begin the read lock sequence the Address Mark 
Enable (AMEN) is asserted low by the controller. The 
address mark detect (AM D) circuitthen initiates a search 
of the read data (RD) for an address mark. First the 
AMO looks for a set of 6 "O"s within the 7 "O" patterns. 
Having detected a 6 "O" the AMO then looks for a 9 "O" 
set within the 11 "O"s. If AMO does not detect 9 "O"s 
within 5 RD bits after detecting 6 "O"s it will restart the 
address mark detect sequence and look for 6 "O"s. 
When the AMO has acquired a 6 "O," 9 "O" sequence, 
the AMO transitions low. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected, a 
Read Gate (RG) can be asserted low, initiating the 
remainder of the read lock sequence. When RG is 
asserted, an internal counter counts negative transitions 
of the incoming read data (RD) looking for 3 
consecutive 3T preambles. Once the counter reaches 
count 3 (finds 3 consecutive 3T preambles) the internal 
read gate enables, switching the phase detector from 
the external reference clock to the delayed read data 
input (ORD); at the same time a zero phase (internal) 
restart signal restarts the VCO in phase with the read 
reference clock. This prepares the VCO to be 
synchronized to data when the bit sync circuitry is 
enabled after VCO lock is established. 

VCO LOCK AND BIT SYNC ENABLE 

When the internal counter counts 16 more "3T" or a 
total of 19 negative transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRCsource switchesfromthe external reference 
clock to VCO clock signal which is phase locked to 
ORD. The VCO is assumed locked at this point. A 
maximum of 2 RRC time periods may occur for the 

3X 
"3T" 

19 "3T" 

vco 
Lock 

_I RGEnable 

Bit 
Sync 

SSI 320539 
Data Synchronizer 
& 1, 7 RLL ENDEC 

RRC transition, however, no short duration glitches will 
occur. After the bit sync circuitry sets the proper decode 
window (VCO in sync with RRC and RRC in sync with 
the data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 

BYTE SYNC AND NRZ OUT 

As the data is decoded, it is compared to a Sync Byte 
that was loaded prior to the read operation. When a 
match is found, RCLK and NCLK are resynchronized to 
the correct byte boundary. NRZ data then appears at 
the byte output beginning with the sync byte. The SBD 
output is also set lowatthistime. It remains lowuntilthe 
end of the read operation. A parity bit (NRZP) is also 
generated for each output byte (even parity). 

HARD SECTOR OPERATION 
In hard sector operation AMO remains inactive. A hard 
sector read operation does not require an address 
mark search but starts with a preamble search as with 
soft sector and sequences identically. In all respects, 
with exception to the address mark search sequence, 
hard sector read operation is the same as soft sector 
read. 

WRITE MODE 
In the write mode the circuit converts N RZ data from the 
controller into 1, 7 RLL formatted data for storage on 
the disk. The circuit can operate with a soft or hard 
sector hard drive. 

In soft sector operation the circuit generates a 
"7, 7, 11, 11" address mark and a preamble pattern. In 
hard sector operation the circuit generates a 19 x "3T" 
preamble pattern but no preceding address mark. 

NRZ data is clocked into the circuit, serialized and 
latched on defined cell boundaries. The NRZ input data 
must be synchronous with the rising edges of the 
WCLK. 

Sync 
Byte 

Encoded 
Data 

FIGURE 2: Disk Operation Lock Sequence in Read Mode Hard Sector Operation 
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WRITE MODE (Continued) 

Write precompensation circuitry is provided to 
compensate for media bit shift caused by intersymbol 
interference. The circuit recognizes specific write data 
patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external resistor on the WCS pin. 

The circuit performs write precompensation according 
to the algorithm outlined in Table 3. 

SOFT SECTOR 

In soft sector operation, when read gate (RG) 
transitions high, VCO source and RRC source switch 
from RD and 2VC0/3, respectively, to the external 
reference clock. At the same time the VCO (internal) 
lock goes inactive but the VCO is locked to the external 
reference clock. After delay of 1 NRZ time period (min) 
from RG high, the write gate (WG) can be enabled low 
while NRZ is maintained (NRZ write data) low. The 
address mark enable (AMEN) is made active (low) a 
minimum of 1 NRZ time period later. The address mark 
(consisting of 7 "O"s, 7 "O"s, 11 "O"s, 11 "O"s) and the 
19 x "3T" preamble is then written by WO. While the 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

preamble is being written, WCLK is clocking in an all "O" 
NRZbyte. The first non-zero NRZbyte input is assumed 
to be the sync byte. After a delay of 5 NRZ time periods, 
non-preamble data begins to toggle out WO. Finally, at 
the end of the write cycle, 2 bytes of blank NRZ time 
passes to insure the encoder is flushed of data; WG 
then goes high. WO stops toggling a maximum of 2 
NRZ time periods after WG goes high. 

As each NRZ byte is input for encoding, its parity is 
checked against the parity bit (NRZP). If a parity error 
is detected the PERR output flag is set high. It remains 
high until WG goes high. 

HARD SECTOR 

In hard sector operation, when read gate (RG) 
transitions high, VCO source and RRC switch 
references and VCO lock (internal) goes inactive as 
with soft sector but the AMEN (address mark enable) 
is kept high. 

The circuit then sequences from RG disable to WG 
enable and NRZ active as in soft sector operation. 

VPA1, VPA2 I 5 volt analog power supply pins 

VPD I 5 volt digital power supply pin 

AGND 0 Analog ground pin 

DGND 0 Digital ground pin 
AMEN I ADDRESS MARK ENABLE: Used to enable the address mark detection and address 

mark generation circuitry. Active low TTL input levels. 

EPD I ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 
and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on the VCO IN pin. (In the Test Mode, functions normally 
driven by the VCO are switched to XTAL.) Pin EPD has an internal pull-up resistor. TIL 
input levels. 

RD,RD I READ DATA: Encoded Read Data from the disk drive read channel. Differential +5 
volts offset ECL (PECL) input levels. 

RG I READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A low level selects the RD input and enables the read mode/address detect 
sequences. A high level selects the XTAL input. See Table 2, TTL input levels. 

SBL I SYNC BYTE LATCH CONTROL: Used to latch the Sync Byte reference value into the 
internal Sync Byte comparator. During idle mode, the Sync Byte latch is transparent 
while SBL is high. An active low level latches the input Sync Byte. The Sync Byte latch 
is kept in a hold state during non-idle modes, independent of the state of the SBL 
control. Pin SBL has an internal pull-up resistor. TIL input levels. 
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PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

WO, W1, W2 I WRITE/WINDOW CONTROL BITS: In Write Mode, pins WO and W1 control the 
magnitude of the write precompensation (see Table 4). In Read Mode, pins WO and 
W1, W2 control the magnitude of the decode window shift. Each pin has an internal pull-
up resistor. TTL input levels. 

WL I WRITE PRECOMPENSATION LATCH CONTROL: Used to latch the write 
precompensation control bits WO and W1 into the internal DAC. The latch is 
transparent while WL is high. An active low level latches the input control bits. Pin WL 
has an internal pull-up resistor. TTL input levels. 

WCLK I WRITE CLOCK: Write mode byte clock. Must be synchronous with the Write Data NAZ 
input. For short cable delays, WCLK may be connected directly to pin RCLK. For long 
cable delays, WCLK should be connected to an RCLK return line matched to the NAZ 
data bus line delay. TTL input levels. 

WG I WRITE GATE: Enables the write mode. See Table 2. Active low TTL input levels. 

WSD I WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode 
window shift. Each pin has an internal pull-up resistor. TTL input levels. 

WSL I WINDOW SYMMETRY LATCH CONTROL: Used to latch the window symmetry 
control bits WO, W1, W2 and WSD into the internal DAC. The latch is transparent while 
WSL is high. An active low level latches the input control bits. Pin WSL has an internal 
pull-up resistor. TTL input levels. 

AMO 0 ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 
WG is low or AMEN is high. When AMEN is low, this output indicates address mark 
search status. A latched low level output appears when an address mark has been 
'detected. A high level on pin AMEN resets pin AMD. TTL output levels. 

DAD 0 DELAYED READ DATA: An open emitter ECL outputtest point. The positive edges of 
this signal indicate the data bit position. The positive edges of the DAD and VCO_REF 
outputs can be used to estimate window centering. The time jitter of DRD's positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 

NCLK 0 NIBBLE CLOCK: A half-byte clock synchronized to RCLK. It runs at twice the RCLK 
frequency. TTL output levels. 

PERR 0 PARITY ERROR FLAG: Active during write mode and during Sync Byte loading. When 
WG is low, the contents of the NAZ write data input register is examined and compared 
with the NRZP write data parity bit. Even parity is assumed. For example, PERR 
becomes active when NRZ7-0 and NRZP are all high. Parity checking is performed 
after each WCLK load operation. If the input data contains a parity error, or if the WCLK 
timing causes the input register to contain a parity error, an internal write parity error 
flag is set. If a parity error occurs during a write operation, the Write Data encoding will 
continue to function normally. This error flag is reset low when WG goes high. 

Independent of WG, a separate circuit monitors the Sync Byte. Each time SBL 
transitions from high to low, the contents of the Sync Byte latch is compared with the 
NRZP data parity bit. If a parity error exists, an internal Sync Byte parity error flag is 
set. This flag is reset low when SBL goes high. The PERR output displays the write 
parity flag condition when WG is low. When WG is high, PERR outputs the state of the 
Sync Byte parity error flag. TTL output levels. 
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PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

RCLK 0 READ CLOCK: A multiplexed byte clock source used by the controller, see Table 2. 
During a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes low, RCLK initially remains synchronized to XTAU12. 
When the Sync Byte is detected, RCLK is synchronized to the Read Data. When RG 
goes high, RCLK is synchronized back to the XT AU12. TTL output levels. 

SBD 0 SYNC BYTE DETECT: A TTL output that transitions low upon detecting a Sync Byte. 
This transition is synchronized to the first NRZ byte out following the sync byte. Once 
it transitions, SBD remains low until RG is raised, when it is returned to a high state. 

VCO REF 0 VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 

WD,WD 0 WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RCLK and WCLK) to the XTAL 
reference clock. Differential +5 volts offset ECL (PECL) output levels. 

NRZ0-7 1/0 NRZ DATA PORT: Read data output when RG is low, write data input when WG is low, 
and Sync Byte input when both RG and WG are high. TTL input and output levels. 

NRZP 1/0 NRZ DATA PARITY BIT: Generated read data parity bit output when RG is low, write 
data parity bit input when WG is low, and Sync Byte parity bit input when both RG and 
WG are high. In read mode, even parity is generated. For example, when NRZ7-0 are 
all high, NRZP will be set low. TTL input and output levels. 

ANALOG PINS 

IREF I CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 

PD OUT 1/0 PHASE DETECTOR OUTPUT: Drives the loop filter input. 

RS I WINDOW SYMMETRY ADJUST PIN: This pin allows analog adjustment of the decode 
window shift magnitude. Used in conjunction with the digital controls WO and W1, W2 
this pin can be used to scale the magnitude of the preset window shift. Connect resistor 
to VPA. 

VCOIN 1/0 VCO CONTROL INPUT: Driven~ the lo~ filter ou!Q_ut. 

wcs I WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
_Qrecom_Q_ensation m~nitude value. 

XTAL1, 2 I REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-hall times 
the data rate. If a crystal oscillator is used, an AC coupled parallel LC circuit must be 
connected from XTAL 1 to ground. The crystal is connected between XT AL 1 and 
XTAL2. If a crystal oscillator is not desired, XTAL 1 may be driven either by a direct 
coupled TTL signal or by an AC coupled ECL signal, with XTAL2 open. 
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Unless otherwise specified, 4.75V < VPA/VPD < 5.25V, 0 cc< T(ambient) < 70 cc, 25 cc< T(junction) < 135 cc. 
Currents flowing into the chip are positive. Current maximums are currents with the highest absolute value. 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device 

PARAMETER RATING UNIT 

Supply Voltage, VPA1, VPA2, VPD -0.3 to 6 v 
Storage Temperature -65 to 150 cc 
Lead Temperature (Soldering 10 sec.) 260 oc 
NRZO - NRZ7, RCLK, NCLK, WDT, WDT, -0.3 to (VPA/VPD+0.3), v 
AMFND, SBFND, VCOREF, DRD Pins or +12 mA 

All other pins -0.3 to (VPA/VPD+0.3) v 

POWER SUPPLY CURRENTS AND POWER 

PARAMETER CONDITION MIN TYP MAX UNITS 

ICC (VPA, VPD) Outputs and test point pins open, 200 230 mA 
Supply Current Ta= 70 cc 
PWR Outputs and test point pins open, 1.0 1.2 w 
Power Dissipation Ta= 70 cc 

DIGITAL INPUTS AND OUTPUTS 

TIL Compatible Inputs: AMENB, EPD, NRZO-NRZ7 (bid.), NRZP (bid.), RG, SBL, WO, W1, W2, WL, WCLK, 
WG, WSD, WSL Pins 

PARAMETER CONDITION MIN TYP MAX UNITS 

Input Low Voltage (VIL) -0.3 0.8 v 
l----~~~~~~~~~--+-~~~~~~~~~~~+--~~-f----~-l----~---t----------1 

Input High Voltage (VIH) 2.0 VPD+0.3 V 
1---~~~~~~~~~--+-~~~~~~~~~~~1~~---+-----~1--~~-~~~~~ 

Input Low Current VIL= 0.4 V 0.0 -0.4 mA 

Input High Current VIH = 2.4 V 100 µA 

Note: "bid." means bi-directional 
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TTL Compatible Outputs AMO, NCLK, NRZO-NRZ7 (bid.), NRZP (bid.), PERR, RCLK, SBD Pins 

PARAMETER CONDITION MIN TYP MAX UNITS 

Output Low Voltage lol =4.0 mA 0.5 v 

Output High Voltage loh = -400 µA 2.4 v 

Digital Differential Inputs: RD, RD Pins 

Input Low Voltage (VIL) VPA-2.2 VIH-0.5 v 

Input High Voltage (VIH) VIL+0.5 VPA-0.5 v 

Differential Vo.ltage IVRD - Vlml 0.5 v 

Input Low Current VIL= Min -100 µA 

Input High Current VIH =Max +100 µA 

Digital Differential Outputs: WD, WD Pins 

Output Low Voltage lol =TBD VPD-2.1 v 

Output High Voltage loh = TBD VPD-0.7 v 

Differential Voltage IVwo- VWDI 0.5 v 

Test Point Output Levels 

Test Point Output 262Q to VPA, VPA v 
High Level 402Q to GND -O.a5 
ORD, VCO REF VPA= 5V 

Test Point Output 262Q to VPA, VPA v 
Low Level 402Q to GND -1.75 
ORD, VCO REF VPA=5V 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE 

PARAMETER CONDITION MIN TYP MAX UNITS 

Read Data Pulse Width (TPRD) 10 (2)TVCO -10 ns 

Read Data Rise Time (TRRD) 20% to aO%, CL $ 1 a pF 5 ns 

Read Data Fall Time (TFRD) aa% to 2a%, CL$ 10 pF 5 ns 

Read Clock Rise Time (TRRC) a.av to 2.av, CL$ 15 pF 1a ns 

Read Clock Fall Time (TFRC) 2.av to a.av, CL$ 15 pF a ns 

NCLK Rise Time (TRNC) O.aV to 2.aV, CL$ 15 pF 1a ns 

NCLK Fall Time (TFNC) 2.aV to o.aV, CL$ 15 pF a ns 

NRZ (out) Set Up & 30 ns 
Hold Time (TDS, TDH) 

SBD Set up & Hold Time 3a ns 
(TSBS, TSBH) 
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READ MODE (Continued) 

PARAMETER CONDITION 

RCLK Pulse Width (TRD) VCO re-sync 

BYTE re-sync 

RCLK Duty Cycle 

NCLK Pulse Width (TOD) Except during re-sync 

NCLK Pulse Width (TOD) During re-sync 

NCLK Skew (TOS) 

RCLK Resync Period (Tde2) 

NCLK Resync Period (Tde1) 

Decode Window Centering 
Accuracy 

Decode Window 

•• Except during re-sync 

WRITE MODE 

Write Data Rise Time (TRWD) 20% to 80% Points 
11 Onto VPD, 160nto DGN D 

Write Data Fall Time (TFWD) 80% to 20% Points 
11 Onto VPD, 160nto DGND 

Write Data Clock Rise Time 0.8V to 2.0V, 
(TRWC) CL$15pF 

Write Data Clock Fall Time 2.0V to 0.8V, 
(TFWC) CL $15 pF 

NRZ Set Up Time (TSNRZ) 

NRZ Hold Time (THNRZ) 

Precompensation Time Shift TPCO = 0.22 (Re + 0.53) 
Magnitude Accuracy (TPC) Re min=1 Kn, Re max=0.3TXTA~ 

W0=1 W1=1 

WO=O W1=1 

W0=1 W1=0 

WO=O W1=0 

DATA SYNCHRONIZATION 

VCO Center Frequency VCO IN=2.7V,VPA=VPD=5V 
Period (TVCO) T0=3.6 (RR+1.7), 

RR=(185/DR)-1.7K 

VCO Frequency 1.0 V$VCO IN 
Dynamic Range $VPA-0.6V 

VPA=VPD =5 V 

VCO Control Gain (KVCO) roo = 2it/TVCO 
1.0 V$VCO IN 

$ VPA-0.6V 
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MIN 

0.4 TORC 

0.4 TORC 

40 

(TORC/4)-5 

TORC/4-5 

-20 

TORC 

TORC/2 

TVC0-0.75 

20 

20 

-0.5 

0.8 TPCO 

2 (0.8 TPCO) 

3 (0.8 TPCO) 

0.8TO 

± 25 

0.14roo 

SSI 320539 
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TYP MAX UNITS 

1.25 TORC ns 

1.6 TORC ns 

60** O/o 

(TORC/4)+5 ns 

3TORC/4+5 --ns 

20 ns 

(2)TORC 
--------1 

ns 
t---'------ -----

TORC ns -+----------i---------1 
±0.75 ns 

----- ------
ns 

5 ns 

5 ns 

10 ns 

----1 
8 ns 

ns 

ns 

0.5 ns 

1.2 TPCO ns 

2 (1.2 TPCO) ns 

3 (1.2 TPCO) ns 

1.2TO ns 

± 45 % 

0.26 roe rad/s V 
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DATA SYNCHRONIZATION (Continued) 

PARAMETER CONDITION MIN TYP MAX UNITS 

Phase Detector Gain (KO) VPA=VPD=5V 0.83KD 1.17KD µNrad 
Read: KD=750/(RR + 0.53) 
Non-Read: KD=375/(RR + 0.53) 

KVCO x KD Product Accuracy -28 +28 % 
VCO Phase Restart Error Referred to ARC -1 +1 rad 

1/3 Cell Delay VCC= 5.0V 
TD=1.8(RR+1.7); RR= kQ 0.8TD 1.2TD ns 

CONTROL TIMING 

WO , W1 , WSD Set Up and 20 ns 
Hold Time (TSWC, THWC) 

WL, WSL Pulse Width (TWL) 50 ns 

Sync Byte NAZ Set Up and 20 ns 
Hold Time (TSSB, THSB) 

SBL Pulse Width (TSB) 50 ns 

Sync Byte Parity Error 0 50 ns 
Output Delay (TDSE) 

Sync Byte Parity Error 0 50 ns 
Reset Delay (TSER) 

MODE CONTROL 

I~ I~ II lffi Modes 

1 1 1 1 Idle Idle mode. VCO locked to external XTAL reference. Byte clock and 4-bit clock 
(SB Enable) synchronized to XT AL. NRZO-NRZ7tri-stated. AMO high. SB latch transparent. 

1 1 1 0 SB Load SB latch in a hold state. Other conditions same as idle mode. 

1 1 0 x AM Search Read mode Address Mark search. VCO locked to external XTAL reference. 
Byte clock and 4-bit clock synchronized to XTAL. NRZO-NRZ7 tri-stated. AMD 
active. 

1 0 1 x Read Data Read mode preamble search and data acquisition. VCO switched from XT AL 
to RD after preamble lock. Byte clock and 4-bit clock synchronized to RD after 
Sync Byte found. NRZO-NRZ7 active. SBO active. 

1 0 0 x Undefined Illegal state. 

0 1 0 x Write AM Write mode Address Mark insertion. VCO locked to external XTAL reference. 
Byte clock and 4-bit clock synchronized to XTAL. WD, WO active. NRZO-NRZ7 
tri-stated. AMD high. 

0 1 1 x Write Data Write mode preamble insertion and data write. VCO locked to external XT AL 
reference. Byte clock and 4-bit clock synchronized to XTAL. WO, WO active. 
NRZO-NRZ7 tri-stated. AMD high. 

0 0 1 x Undefined Illegal state. 

0 0 0 x Undefined Illegal state. 
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WRITE PRECOMP CONTROL 

WL - Write precomp latch control 
O --> Write precomp control latches in hold state 
1 --> Write precomp control latches in transparent state 

W1, WO - Write precomp magnitude control bits 
00 -• 3x (maximum) shift 
01 --> 2x shift 
10->1xshift 
11 --> No shift 

WINDOW SHIFT CONTROL WINDOW SHIFT MAGNITUDE CONTROL BITS 

1291 - rev. 

WSL - Window shift latch control W2 W1 WO TSO (decode window%) 

0 --> Window shift control latches in hold state 1 1 1 No shift 
-~ 

1 --> Window shift control latches in transparent state 

WSD - Window shift direction control 

0 --> Early window (+TS) 

1 >Late window (-TS) 

Window shift with RRS used: 

.__!_ f--- 1 0 

1 0 1 

1 0 0 

0 1 1 

0 1 0 

0 0 1 

0 0 0 

(2KQ ~ RRS ~ 16 KQ) 

4% Minimum shift 

8% 

12% 

15% --
18% 

20% 

22% Maximum shift 

TS= Tso( RRS ) 
RRS+0.8 

TSO = Window shift set by WO - W1 with .!JQ. RRS 

1, 7 RLL Data 

RD 

0 

DRD L_j 
113 Cell ~ 1---

vco 

Decode Window 

0 

Phase Detect r--1 
Enable (Internal) -----~ ~--------

RRC (Internal) 

NRZ Bit Cell 

FIGURE 3: Data Synchronization Waveforms 
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NRZ Data 

1, ?Code 

Previous 
Code Word 

Last Bit 

One Word Bit Next 
Code Word 
First Bit 

FIGURE 4: NRZ Data Word Comparison to 1, 7 Code Word Bit 
(See Table 1 for Decode Scheme) 

TABLE 1: 1, 7 RLL Code Set TABLE 3: Write Precompensation Algorithm 

Previous Data Bits Bit Bit Bit Bit Bit Compensation 
Code Word n-2 n-1 n n+1 n+2 Bit n 

Last Bits Present Next Code Bits 
1 0 1 0 1 None 

x 0 1 0 0 I x 1 I 0 1 

x 0 1 0 1 

I 

x 0 1 0 
x 0 1 1 0 0 0 1 0 
x 0 1 1 * * 1 0 0 

0 0 1 0 0 None 

1 0 1 0 0 Early 

0 0 1 0 1 Late 

Notes Late: Bit n is time shifted (delayed) from its normal 
1 0 0 0 0 x 0 0 1 time position towards the Bit n+ 1 time position. 

1 0 0 0 1 x 0 0 0 
0 0 0 1 0 x 0 0 1 

Early: Bit n is time shifted (advanced) from its normal 
time position towards the Bit n-1 time position. 

0 0 0 1 1 x 0 0 0 
x 1 0 0 0 x 0 0 1 

x 1 0 0 1 x 0 1 0 
TABLE 4: Write Precompensatlon Magnitude 

x 1 0 1 0 0 0 1 0 WC1 wco Magnitude, TPC 

x 1 0 1 * * 0 0 0 0 0 3 (TPCO) 

Y2' Y3 D1 D2 D3 D4 Y1 Y2 Y3 0 1 2 (TPCO) 

1 0 TPCO 
X =Don't Care; 

1 1 0 * = Not All Zeros 
The normal magnitude TPCO is externally set with 
a resistor on pin WCS. 

TABLE 2: Clock Frequency 

WG RG VCO REF RCLK DECCLK ENCCLK MODE 

1 1 XTAL XTAU12 XTAL XTAL IDLE 
1 0 RD VC0/12 vco XTAL READ 

0 1 XTAL XTAU12 XTAL XTAL WRITE 

Notes 1: Until the VCO locks to the new source, 
the VCO entries will be XTAL. 

2: Until the VCO locks to the new source, 
the VC0/12 entries will be XTAU12. 

3: WG = RG = O is undefined. 
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WCLK 

NRZ0-7 
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FIGURE 5: Read Timing 

1.SV 

TOWC---
-1 LTFWC 

TRWC--J 

NRZP ------' 
1.5V 1.SV 

WD 

NRZ0-7 
NRZP 

TSNRZi---.i.---iTHNRZ 

TRWD 

FIGURE 6: Write Timing 

1.5~ /{.5V 

~TSSB ± THSB::.i 

CTSB :i-- TSBI -------
1.5V 1.5V 1.5V 

l2=msE---i 1--TSER::J 

PERR ______________ /1.5v ~~.5v __ _ 

WO,W1 
W2., WSD 

1.5~ ,/i-5v 

i.=:TSWC-==! l-THWC 

t::==TWL ;:1• TWL-------J ~---
1.SV 1.5 1.5V 

FIGURE 7: Control Timing 
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7"0" 7"0" 11 "O" 11 "O" 
Preamble 

"3T" Patterns 

10000000100000001000000000001000000000001001001001001001 

Case 1 

1 Zero Timing Minimum :-1' f 1 Encoded Data Time Max Delay 

I-

6 "O" Detect 9 "0" Detect 

~Tristate --14------Bistable -------<->------Tristate-----

Case 2 

1 Zero Timing Minimum :-1' 

6 ·o· Detect 9 ''O" Detect 

Case3 

6 "O" Detect 9 "O" Detect 

If 5 bits ofm:i are detected after 6 "O" are found and 
before 9 "O" are found then restart and look for 6 ''O" 

i 
6 'O" 

4 4 • 4 • 
CT1 CT2 CT3 CT4 CT5 

j---. Restart 

FIGURE 8: Address Mark Search 
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RG (Internal) ------' 

Im ---ulJl.I 
00100100100 

Zero Phase 
Restart (internal) ------' 

FLTR ____ ___, 

vco Lock(internal) -------------' 

RRC X X X ---------- X X X xx 

NRZ 

Bit Sync Search Enable 

RCCSource XTAL Clock VCO Clock 

Phase Detector Source XTAL Clock I VCO Clock 

Internal Counter 

SSI 320539 
Data Synchronizer 
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xxx xx ---------- xx xx 
_,~~~r-- -+j~~c2J--

Periods Periods 

Ix xx X--------------------

Disable 

--.------.,...-------r----------------------------
19 

FIGURE 9: Read Mode Locking Sequence (Soft and Hard Sector) 
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m 

VCOl.od< 
(inlerna~ 

RD 

NaJ< 

RCl.K 

..,.,. 

I--roe>--+! 
NRZIH, 

Hl-z NRZP 

-

SB OTO DT1 DT2 

l---rd4 Td4 = 12 • 14NRZ 

SB 

FIGURE 10: Read Mode NRZ Data Timing 

(inter~al~ _J 
f 1 NRZMin 

1 NAZ Min 
f27NRZMax 

r--i..__:__~ Timing between AME'N and start 
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& 1, 7 ALL ENDEC 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

NRZ7 

NRZ6 

NRZS 

NRZ4 

NRZ3 

NRZ2 

NRZ1 

NRZO 

NRZP 

PERR 

SB[) 

ORDERING INFORMATION 

PART DESCRIPTION 

881320539 
44-Pin PLCC 

18 19 20 21 22 23 24 25 26 27 28 

l ORDER NO. 

l 320539-CH 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

l 
l 

SSI 320539 
Data Synchronizer 
& 1, 7 RLL ENDEC 

CAUTION: Use handling procedures necessary 
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Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 

The SSI 3205391 is intended to be used as a data/ 
clock recovery circuit tor 1, 7 RLL code in high 
performance hard disk drive systems with a +5V supply. 

FEATURES 

• Data synchronizer and 1, 7 RLL ENDEC 

• Up to 40 Mblt/s operation 

Data rate programmed with a single external 
resistor or current source 

• Direct write capablllty 

• Fast acquisition phase locked loop with zero 
phase restart technique 

BLOCK DIAGRAM 
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• 

SSI 3205391 
Data Synchronizer 
& 1, 7 RLL ENDEC 

l;f!fbihd§ "''·'l'·k\lt.1;1 
December 1991 

Fully Integrated data separator 

No external delay llnes or active devices 
required 

Programmable decode window symmetry 
control 

Includes delayed read data and VCO clock 
monitor points 

Programmable write precompensatlon 

Hard and soft sector operation 

Uses standard 5V ± 5% supply 

44-pin PLCC package 
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SSI 3205391 
Data Synchronizer 
& 1, 7 RLL ENDEC 

PIN DEFINITION 

INPUT PINS 

NAME TYPE 

VPA1, VPA2 I 

VPD I 

AMEN I 

DW I 

EPD I 

FREF I 

RD, RD I 

RG I 

WO, W1, W2 I 

WSD I 

WCLK I 

WDNRZ I 

WPO, WP1 I 

WG I 

DESCRIPTION 

5 volt analog power supply pins. 

5 volt digital power supply pin. 

ADDRESS MARK ENABLE: Used to enable the address mark detection and address 
mark generation circuitry. Active low TTL input levels. 

DIRECT WRITE ENABLE: Use to enable the direct write mode. A high level allows 
normal write operation. A low level enables the encoder bypass mode. In this bypass 
mode, each falling edge of WDNRZ will directly clock the WD flip-flop when WG is low. 
Pin DW has an internal pull up resistor. TIL input levels. 

ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 
and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on the VCO_IN pin. (In the Test Mode, functions normally 
driven by the VCO are switched to XTAL.) Pin EPD has an internal pull-up resistor. TIL 
input levels. 

REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half times 
the data rate. FREF may be driven either by an AC coupled suitably attenuated TIL 
signal or by an AC coupled ECL signal. 

READ DATA: Encoded Read Data from the disk drive read channel. Differential 
pseudo ECL (PECL) input levels. 

READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A low level selects the RD input and enables the read mode/address detect 
sequences. A high level selects the XTAL input. See Table 2, TTL input levels. 

WINDOW SHIFT CONTROL BITS: In Read Mode, pins W, W1 and W2 control the 
magnitude of the decode window shift. Each pin has an internal pull-up resistor. TIL 
input levels. 

WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode 
window shift. The pin has an internal pull-up resistor. TIL input levels. 

WRITE CLOCK: Write mode clock. Must be synchronous with the WDNRZ input. For 
short cable delays, WCLK may be connected directly to pin RRC. For long cable 
delays, WCLK shou Id be connected to an RRC return line matched to the WDNRZ data 
line delay. TTL input levels. 

NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin to form a 
bidirectional data port. Pin WDNRZ has an internal pull up resistor. TTL input levels. 

WRITE PRECOMPENSATION CONTROL BITS: In Write Mode, pins WPO and WP1 
control the magnitude of the write precompensation. Each pin has an internal pull up 
resistor. TIL input levels. 

WRITE GATE: Enables the write mode. Active low TTL input levels. 
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SSI 3205391 
Data Synchronizer 
& 1, 7 RLL ENDEC 

PIN DEFINITION (continued) 

OUTPUT PINS 

NAME TYPE DESCRIPTION 

AGND 0 Analog ground pin 

DGND 0 Digital ground pin 

AMO 0 ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 
WG is low or AME NB is high. When AM ENB is low, this output indicates address mark 
search status. A latched low level output appears when an address mark has been 
detected. A high level on pin AMENB resets pin AMO. TTL output levels. 

ORD 0 DELAYED READ DATA: An open emitter ECL output test point. The positive edges of 
this signal indicate the data bit position. The positive edges of the ORD and VCO_REF 
outputs can be used to estimate window centering. The time jitter of DRD's positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 

FOEN 0 REFERENCE CLOCK ENABLE: When this output is high, the FREF clock is controlling 
the internal timing. When this output is low, the FREF clock is internally disabled. The 
output from pin FOEN can be used to disable the clock applied to the FREF pin to 
reduce VCO jitter during read modes. TIL output levels. 

NRZ 0 NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read gate is 
active. This pin can be connected to the WDNRZ pin to form a bidirectional data port. 
TIL output levels. 

RRC 0 READ CLOCK: A multiplexed bit clock source used by the controller, see Table 2. 
During a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes low, RRC initially remains synchronized to 2FREF/3. 
After 19 read data pulses, RRC is synchronized to the Read Data. When RG goes high, 
RRC is synchronized back to 2FREF/3. TIL output levels. 

VCOREF 0 VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 

WD,WD 0 WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RRC and WCLK) to the FREF 
reference clock. Differential ECL output levels. 
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SSI 3205391 
Data Synchronizer 
& 1, 7 RLL ENDEC 

PIN DEFINITION (Continued) 

ANALOG PINS 

NAME TYPE DESCRIPTION 

IREF I CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 

PD OUT 1/0 PHASE DETECTOR OUTPUT: Drives the loop filter input. 

RS I WINDOW SYMMETRY ADJUST PIN: A resistor connected between this pin and VPA 
allows analog adjustment of the decode window shift magnitude. Used in conjunction 
with the digital controls WO, W1 and W2, this pin can be used to scale the magnitude 
of the preset window shift. Connect resistor to VPA. 

VCOIN 1/0 VCO CONTROL INPUT: Driven by the loop filter output. 

wcs I WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Operation above maximum ratings may damage the device 

PARAMETER RATING 
Positive 5.0V Supply Voltage, 6V 
VPA1, VPA2, VPD 

Storage Temperature -65 to 150°c 

Lead Temperature (Soldering 10 sec.) 260°C 

FOEN, NAZ, ARC, WD, WD, AMO, VCOREF, DAD Pins 0.3V to VPNVPD+0.3 or +12 mA 

All other pins -0.3V to VPA/VPD+0.3 
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SSI 3205391 
Data Synchronizer 
& 1, 7 RLL ENDEC 

PACKAGE PIN DESIGNATIONS CAUTION: Use handling procedurOB neceuary 

(Top View) 
tor a static sensitive co""°nent. 
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Advance lnfromatlon: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 3205392 is intended to be used as a data/clock 
recovery circuit for 1, 7 RLL code in high performance 
hard disk drive systems with a +5V supply. 

FEATURES 

• Data synchronizer and 1, 7 RLL ENDEC 

• Dual bit bl-directional data bus Interface 

• Up to 48 Mblt/s operation 

Data rate programmed wtth a sing le external 
resistor or current source 

• Direct write capability 

• Fast acquisition phase locked loop with zero 
phase restan technique 

BLOCK DIAGRAM 
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Fully Integrated data separator 

No external delay llnes or active devices 
required 

Programmable decode window symmetry 
control 

Includes delayed read data and VCO clock 
monitor points 

Programmable write precompensatlon 

Hard and soft sector operation 

Uses standard 5V ± 5% supply 

36-pln SOM package 
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SSI 3205392 
Data Synchronizer 
& 1,7 RLL ENDEC 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VPA1, VPA2 I 5V analog power supply pins. 
VPD I 5 V digital power supply pin. 
AGND 0 Analog ground pin. 
DGND 0 Digital ground pin. 
AMEN I ADDRESS MARK ENABLE: Used to enable the address mark detection and address 

mark generation circuitry. Active low TIL input levels. 
EPD I ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 

and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on the VCO IN pin. (In the Test Mode, functions normally 
driven by the VCO are switched to FREF.) Pin EPD has an internal pull-up resistor. TIL 
input levels. 

RD,RD I READ DATA: Encoded Read Data from the disk drive read channel. Differential +5 
volts offset ECL (PECL) input levels. 

RG I READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A low level selects the RD input and enables the read mode/address detect 
s~uences. A hls_h level selects the FREF il!Q_ut. TTL i~t levels. 

WO, W1, W2 I WINDOW CONTROL BITS: In Read Mode, pins WO and W1 .-w2 control the 
magnitude of the decode window shift. Each pin has an internal pull-up resistor. TIL 
input levels. 

WSD I WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode 
window shift. The pin has an internal pull-up resistor. TIL input levels. 

WCLK I WRITE CLOCK: Write mode dual bit clock. Must be synchronous with the Write Data 
NAZ input. For short cable delays, WCLK may be connected directly to pin RCLK. For 
long cable delays, WCLK should be connected to an RCLK return line matched to the 
NAZ data bus line delay. TIL input levels. 

WG I WRITE GATE: Enables the write mode. Active low TIL input levels. 
AMO 0 ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 

WG is low or AMEN is high. When AMEN is low, this output indicates address mark 
search status. A latched low level output appears when an address mark has been 
detected. A high level on pin AMEN resets pin AMO. TIL output levels. 

DAD 0 DELAYED READ DATA: An open emitter ECL outputtest point. The positive edges of 
this signal indicate the data bit position. The positive edges of the DAD and VCO_REF 
outputs can be used to estimate window centering. The time jitter of DRD's positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to rpduce power dissipation. 

ow I DIRECT WRITE ENABLE: Used to enable the direct write mode. A high level allows 
normal write operation. A low level enables the encoder bypass mode. In this bypass 
mode, the falling edge of NRZO will directly clock the write data flipflop when WG is low. 
Pin DW has an internal pull up resistor. TIL input levels. 

FOEN 0 REFERENCE CLOCK ENABLE: When this output is high, the FREF clock is controlling 
the internal timing. When this output is low, the FREF clock is internally disabled. The 
output from pin FOEN can be used to disable the clock applied to the FREF pin to 
reduce VCO jitter during read modes. TIL output levels. 
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SSI 3205392 
Data Synchronizer 
& 1, 7 RLL ENDEC 

PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

RCLK 0 READ CLOCK: A multiplexed dual bit clock source used by the controller. During a 
mode change, no glitches are generated and no more than one lost clock pulse will 
occur. When RG goes low, RCLK initially remains synchronized to 2FREF/3. After 19 
read data pulses, RCLK is synchronized to the Read Data. When RG goes high, RCLK 
is synchronized back to the 2FREF/3. TTL output levels. 

WPO, WP1 I WRITE PRECOMPENSATION CONTROL BITS: In Write Mode, pins WPO and WP1 
control the magnitude of the write precompensation. Each pin has an internal pull-up 
resistor. TTL input levels. 

VCO REF 0 VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 

WD,WD 0 WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RCLK and WCLK) to the FREF 
reference clock. Differential +5 volts offset ECL (PECL) output levels. 

NRZ0-1 1/0 NAZ DATA PORT: Read data output when RG is low, write data input when WG is low. 
TTL input and output levels. 

ANALOG PINS 

IREF I CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 

PD OUT 0 PHASE DETECTOR OUTPUT: Drives the loop filter input. 

RS I WINDOW SYMMETRY ADJUST PIN: This pin allows analog adjustment of the decode 
window shift magnitude. Used in conjunction with the digital controls WO and W1, W2 
this pin can be used to scale the magnitude of the preset window shift. Connect resistor 
to VPA. 

VCOIN I VCO CONTROL INPUT: Driven by the loop filter output. 

wcs I WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. 

FREF I REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half times 
the data rate. FREF may be driven either by an AC coupled suitably attenuated TTL 
signal or by an AC coupled ECL signal. 
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SSI 3205392 
Data Synchronizer 
& 1, 7 RLL ENDEC 

PACKAGE PIN DESIGNATIONS 
(Top View) 
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DESCRIPTION 

The SSI 32D4010 Data Synchronizer/1, 7 RLL EN DEC 
provides data recovery and data encoding for storage 
systems which employ a 1, 7 RLL encoding format. 
Data synchronization is performed with a fully inte­
grated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The VCO frequency setting elements are incorporated 
within the SSI 32D4010 for enhanced performance 
and reduced board space. Data rate is established 
with a single external programming resistor. The SSI 
32D401 O utilizes an advanced bipolar process tech­
nology which affords precise decode window control 
without the requirement of an accurate 1 /3 cell delay or 
external devices. The SSI 32D4010 requires a single 
+SV supply. 

BLOCK DIAGRAM 

"' 

,, 

SSI 3204010 
Data Synchronization/1, 7 ALL ENDEC 

with Write Precompensation 

May 1991 

FEATURES 

• Data Synchronizer and 1, 7 RLL ENDEC 
• 12 to 24 Mbit/s operation - Data Rate 

programmed with a single external resistor 

• Fast acquisition phase lock loop 
- Zero phase restart technique 

• Fully Integrated data separator 
No external delay lines or active devices 
required 

• Power-down mode (<1 mW) 
• Programmable decode window symmetry control 
• Programmable write precompensation 
• Hard and soft sector operation 
• +5V operation 
• 36-Pln SO package 
• Test outputs - Allow drive margin testing 

VCOCLK 

RRG 

WCLK 

RG 

WG 

-
NAZ 

NAZ• 

ANALOG DIGIT AL 
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5513204010 
Data 5ynchronization/1, 7 RLL ENDEC 
with Write Precompensation 

OPERATION 

The SSI 320401 O is designed to perform data recov­
ery and data encoding in rotating memory systems 
which utilize a 1,7 ALL encoding format. In the Read 
Mode the SSI 3204010 performs Data Synchroniza­
tion, Sync Field Search and Detect, Address Mark 
Detect, and Data Decoding. In the Write Mode, the SSI 
320401 O converts NAZ data into the 1, 7 RLL format 
described in Table 1, performs Write Precompensa­
tion, generates the Preamble Field, and inserts Ad­
dress Marks as requested. 

The SSI 3204010 can operate with data rates ranging 
from 12 to 24 Mbit/s. This data rate is established by a 
single 1% external resistor, RR, connected from pin 
IREF to VPA2. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1 /3 cell delay. The value 
of this resistor is given by: 

RR=~ -1.7 (kQ) 
DR 

where: DR= Data Rate in Mbil/s. 

A reference clock, operating at3xthe data rate, gener­
ates the standby reference for the PLL. Either an 
attenuated external TTL compatible reference or an 
AC coupled EGL source may be applied to FREF. 

The SSI 320401 O employs a Dual Mode Phase Detec­
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDYLD DATA pulse. In the Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en­
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to delayed data is elimi­
nated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 

In the Read Mode the falling edge of ORD enables the 
Phase Detector while the rising edge is phase com­
parec:l to the rising edge of the VCO. As depicted in 
Figure 6, ORD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. A 
decode window is developed from the VCO clock. 
Shifting the phase of the VCO clock effectively shifts 
the relative position of the ORD pulse within the decode 
window. Decode window control is provided via the WS 
controls. 

In Non-Read Modes, the PLL is locked to the external 
reference clock. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. 

SOFT SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 

7"0", 7"0'', 11MO'',11 "0" 

I. + 11. , •. 3,,. 1! 

_JRGENABLE 

BIT 
SYNC 

10/ECC ENC_ 
DATA 
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Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

ADDRESS MARK DETECT 

In Soft Sector Read Operation the SSI 320401 O must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 3204010 consists of two (2) 7 "O" patterns fol­
lowed by two 11 "0" patterns. To begin the read lock 
sequence the Address Mark Enable (AMENS) is as­
serted high by the controller. The SSI 32D401 O Ad­
dress Mark Detect (AMO) circuitry then initiates a 
search of the read data (RD) for an address mark. First 
the AMO looks for a set of 6 "O's" within the 7 "O" 
patterns. Having detected a 6 "O" the AMO then looks 
fora9"O"setwithinthe11 "O's". If AMDdoes not detect 
9 "O's" within 5 RD bits after detecting 6 "O's" it will 
restart the Address Mark Detect sequence and look for 
6 "O's." When the AMO has acquired a 6 "O," 9 "O" 
sequence the AMO transitions low. AMO will remain 
low for the duration of AMENS. When AMENS is 
released, AMO will be released by the SSI 3204010. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain­
der of the read lock sequence. When RG is asserted 
an internal counter counts transitions of the incoming 
Read Data, (RD looking for3 consecutive '3T's). Once 
the counter reaches count 3 (finds (3) consecutive 3T 
preamble) the internal read gate enables switching the 
phase detector from the reference oscillator to the 
delayed Read Data input (ORD); at the same time a 
zero phase (internal) restart signal restarts the VCO in 
phase with the ORD. This prepares the VCO to be 
synchronized to data when the bit sync circuitry is 
enabled after VCO lock is established. 

VCO LOCK & BIT SYNC ENABLE 

When the internal counter counts 16 more "3T" or a 
total of 19 positive transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the ARC source switches from the external refer­
ence clock to the VCO clock signal which is phase 
locked to DAD. The VCO is assumed locked at this 
point. A maximum of 2 ARC time periods may occur for 
the ARC transition, however, no short duration glitches 
will occur. After the bit sync circuitry sets the proper 
decode window (VCO in sync with RAC and ARC in 
sync with data) NAZ is enabled and data is toggled in 
to be decoded for the duration of the read gate. 

HARD SECTOR OPERATION 

READ MODE 

\. 19"31" ~I 

~RGENABLE 

BIT 
SYNC 

10/ECC DATA- -

In hard sector operation a low AMENS disables the 
SSI 320401 O's Address Mark Detection circuitry and 
AMO remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se­
quences identically. In all respects, with exception to 
the address mark search sequence, hard sector read 
operation is the same as soft sector read. 

WRITE MODE 

In the write mode the SSI 320401 O converts NAZ data 
from the controller into 1,7 ALL formatted data for 
storage on the disk. The SSI 32D401 O can operate with 
a soft or hard sector hard drive. 

In soft sector operation the device generates a 
"7, 7, 11, 11" Address Mark, and a preamble pattern. 

In the hard sector operation the device generates a 
19 x "3T" preamble pattern but no preceding Address 
Mark. The NRZIN pin must be kept low for the duration 
of the preamble pattern. The NAZ input data is clocked 
on the rising edges of WCLK. 

Write precompensation circuitry is provided to com­
pensate for media bit shift caused by intersymbol 
interference. The SSI 32D401 O recognizes specific 
write data patterns and can add or subtract delays in 
the time position of write data bits to counteract the 
read back bit shift. The magnitude of the time shift, 
TPC, is determined by an external resistor on the WCS 
pin. 

The SSI 3204010 performs write precompensation 
according to the algorithm outlined in Table 3. 
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SSl32D4010 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

SOFT SECTOR 

In soft sector operation, when Read Gate (RG) transi­
tions low, VCO source and RRC source switch from RD 
and VC0/3, respectively, to the external reference 
clock. At the same time the VCO (internal) lock goes 
inactive but the VCO is locked to the external reference 
clock. After a delay of 1 NRZtime period (min) from RG 
low, the Write Gate (WG) can be enabled while NRZIN 
is maintained (NRZwritedata) low. The Address Mark 
Enable (AMENB) is made active (high) a minimum of 1 
NRZ time period later. The Address Mark (consisting 
of 7 "O's," 7 "O's," 11 "O's, "11 "O's'1 and the 19 x "3T' 
Preamble is then written by WD. While the preamble 
is being written, the encoder is active. Therefore, 
WCLK must be clocking in an all "O" NRZIN pattern. 
The first non-zero NRZIN input bit indicates the end of 

1,7 RLLOATA 

the preamble pattern. After a delay of 10-12 NRZIN bit 
time periods, non preamble data begins to toggle out 
WD. Finally, at the end of the write cycle, 16 bits of 
blank NRZ time passes to ensure the encoder is 
flushed of data; WA goes low. -wo stops toggling a 
maximum of 2 NRZ time periods after WG goes low. 

HARD SECTOR 

In hard sector operation, when read gate (RG) transi­
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector but 
the AMENB (address mark enable) is kept low. 

The SSI 3204010 then sequences from RG disable to 
WG enable and NRZIN active as in soft sector opera­
tion. 

DECODEWINDOW. ,..14----... •1•4 ----.. +1-------·I 
PHASE DET 
ENABLE * 

RRC 

NRZBITCElL i.-14-------·l ... 4 -------·I 
NOTE: * Denotes internal signal 

FIGURE 1: Data Synchronization Waveform 
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x Y2' x Y3' ~ Y1 

PREVIOUS I I 
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01 

SSI 3204010 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

I 

x 02 )K 03 x 04 x NRZDATA 

PRESENT 

x Y2 x Y3 ~ Y1 1,7CODE 

11 NEXT I CODEWORD 
FIRST BIT 

1 WORD BIT 

FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 

WCLK 

WG 

NRZIN ----------~/ ___ 0_1 __ ~X~ ___ 02 __ ~X~ ___ o_3_~'G__ 
FIGURE 3: WG Timing Requirement for Predictable Write Encoding 

A decodable write pattern will always be generated, regardless of the phasing of WG. However, a repeatable 
write pattern will be generated only if WG satisfies the same WCLK setup and hold requirements as the 
NRZIN data. 
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Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

TABLE 1: Decode Table 

ENCODED READ DATA 

Previous Present Next 
VY yyy yyy 

2' 3' 1 2 3 1 2 3 
0 0 0 0 0 xxx 
1 0 0 0 0 xxx 
0 1 0 0 0 xxx 
xx 1 0 0 xxx 
x 0 0 1 0 0 0 
x 0 0 1 0 1 0 
x 0 0 1 0 0 1 
x 1 0 1 0 0 0 
x 1 0 1 0 1 0 
x 1 0 1 0 0 1 
0 0 0 0 1 xx 
1 0 0 0 1 xx 
0 1 0 0 1 xx 
xx 1 0 1 xx 

TABLE 2: Encode Table 

DECODED DATA 

DD 
1 2 
0 1 
0 0 
0 1 
1 1 
1 1 
1 0 
1 0 
0 1 
0 0 
0 0 
0 1 
0 0 
0 0 J_Preamblel 
1 0 

NRZDATA ENCODED WRITE DATA 

Present Next Previous Present 
D D D D y y y y 

1 2 3 4 3 1 2 3 
0 0 0 x 0 0 0 1 
0 0 1 x 0 0 0 0 
0 0 1 x 1 0 1 0 
1 0 0 x 0 1 0 1 
1 0 1 x 0 0 1 0 
0 1 0 0 0 0 0 1 
0 1 0 0 1 0 1 0 
0 1 1 0 0 0 0 0 
0 1 1 0 1 0 0 0 
0 1 0 1 0 0 0 1 
0 1 0 1 1 0 0 0 
0 1 1 1 0 0 0 0 
0 1 1 1 1 0 0 0 
1 1 0 0 0 0 1 0 
1 1 1 0 0 1 0 0 
1 1 0 1 0 1 0 0 
1 1 1 1 0 1 0 0 

NOTE: X = Don't Care 
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with Write Precompensation 

TABLE 3: Clock Frequency 

WG RG VCOREF RRC DECCLK ENCCLK MODE 

0 0 FREF/2 FREF/3 FREF/2 FREF/2 IDLE 

0 1 RD VC0/3 VC0/2 FREF/2 READ 

1 0 FREF/2 FREF/3 FREF/2 FREF/2 WRITE 

1 1 FREF/2 FREF/3 FREF/2 FREF/2 UNDEFINED 

Note 1: Until the VCO locks to the new source, the VC0/2 entries will be 
FREF/2. 

2: Until the VCO locks to the new source, the VC0/3 entries will be 
FREF/3. 

TABLE 4: Write Precompensation Algorithm 

BIT BIT BIT BIT BIT COMPENSATION 

n-2 n-1 n n+1 n+2 BITn 

1 0 1 0 1 NONE 

0 0 1 0 0 NONE 

1 0 1 0 0 EARLY 

0 0 1 0 1 LATE 

LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+ 1 time position. 

EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 
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Data Synchronization/1, 7 ALL ENDEC 
with Write Precompensation 

PIN DESCRIPTION 

INPUT PINS 

NAME TYPE DESCRIPTION 

FREF I REFERENCE FREQUENCY INPUT: The pin frequency is at 3 times the data 
rate. FREF may be driven by a direct coupled TTL signal or by an AC coupled 
ECL signal. Pin FREF has an internal pull-down resistor. 

RD I READ DATA: Encoded Read Data from the disk drive read channel. Timing 
is referenced to the falling edge of this signal. Pin RD has an internal pullup 
resistor. TTL input levels. 

RG I READ GATE: Selects the PLL reference input (REF)and initiates the PLL 
synchronization sequence. Pin RG has an internal resistor pullup. A high level 
selects the RD input and enables the Read Mode. A low level selects the FREF 
input. See Table 3. 

WG I WRITE GATE: Enables the write mode, see Table 3. Pin WG has an internal 
resistor pullup. Active high TTL i~t levels. 

WCLK I WRITE CLOCK: Write Mode Clock. Must be synchronous with the NAZ Write 
Data input. For short cable delays, WCLK may be connected directly to pin 
RAC. TTL input levels. 

EPD I ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase 
detector. Pin EPD has an internal resistor pullup. TTL input levels. 

AMENB I ADDRESS MARK ENABLE: Used to enable the address mark detection and 
address mark generation circuitry. Active high TTL input levels. Pin AMENB 
has an internal resistor pull up. 

WO -W3 I WRITE/WINDOW CONTROL BITS: In Write Mode, pins WO, W1, W2 CO!:,ltrol 
the magnitude of the write precompensation. In Read Mode pins WO - W3 
control the magnitude of the decode window shift. Each pin has an internal 
pullup resistor. TTL input levels. 

WL I WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WO - W2 into the internal DAC. The latch is 
transparent while WL is high. An active low level latches the input bits. Pin WL 
has an internal resistor pullup. If unused, leave pin open or tie high. TTL input 
levels. 

NRZIN I NAZ WRITE DATA INPUT PIN: This pin can be connected to the NAZ pin to 
form a bidirectional data port. Pin NRZIN has an internal pullup resistor. TTL 
input levels. 

PWR I POWER ENABLE: A high level enables the device. A low level shuts off power 
to all the functions. TTL il!Q!Jt levels. If unused, this_Qin must be tied h_!g_h. 

TST I TEST MODE CONTROL: A low level enables test mode. In the test mode the 
WO - W3 and WSD pins are used to control various testfunctions. Pin TST has 
an internal pullup resistor. TTL input levels. 

WSD I WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the 
decode window shift. Pin WSD has an internal pullup resistor. TTL input levels. 

WSL I WINDOW SYMMETRY LATCH CONTROL: Used to latch the window symme-
try control bits WO -W3 and WS D into the internal DAC. The latch is transparent 
while WSL is high. An active low level latches the input control bits. Pin WSL 
has an internal pullup resistor. TTL input levels. 
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OUTPUT PINS 

NAME TYPE 

WO 0 

RRC 0 

AMO 0 

VCO REF 0 

VCOCLK 0 

ORD 0 

NRZ 0 

ANALOG PINS 

IREF I 

PD OUT 0 

VCOIN I 

wcs I 

0591 

SSI 3204010 
Data Synchronization/1, 7 RLL ENDEC 

with Write Precompensation 

DESCRIPTION 

WRITE DATA: Encoded write data output, active low. Timing is referenced to 
the falling edge of this signal. The data is automatically resynchronized 
(independent of the delay between RRC and WCLK) to the FREF reference 
clock. TLL output levels. 

READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller, see Table 2. During a mode change, no glitches are generated and 
no more than two lost clock pulses will occur. When RG goes high, RRC initially 
remains synchronized to FREF/3. When the sync bits are detected RRD is 
synchronized to the Read Data. When RG goes low, RCLK is synchronized 
back to FREF/3. TTL output levels. 

ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WG is high or AMENS is low. When AMENS is high, this output 
indicates address mark search status. A latched low level output indicates that 
an address mark has been detected. A low level on pin AMENS resets pin 
AMO. TTL output levels. 

VCO REFERENCE: An open emitter ECL output test point. This is the VCO 
reference input to the phase detector. The positive edges are phase locked to 
DL YD DAT A. The negative edges of this open emitter output signal indicate 
the edges of the decode window. Two external resistors are required to 
perform this test. They should be removed during normal operation for reduced 

jl_Ower dissipation. 

VCO CLOCK: An open emitter ECL output test point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. 

DELAYED READ DATA: An open emitter ECL output test point. The positive 
edges of this open emitter output signal indicates the data bit position. The 
positive edges of the ORD and the VCO REF signals can be used to estimate 
window centering. The time jitter of DR D's positive edge is an indication of 
media bit shift. Two external resistors are required to perform this test. They 
should be removed during normal operation for reduced power dissipation. 

NRZ READ DATA OUTPUT: Tristate output pin that is in its high impedance 
state when read gate is low. Read Data output when RG is high. TTL ouput 
levels. 

CURRENT REFERENCE INPUT: The VCO center frequency, the phase 
detector gain, and the 1/3 cell delay are a function of the current sourced into 
pin IREF. The current is set by an external resistor, RR, connected between 
pin IREF and VPA2. 

PHASE DETECTOR OUTPUT: Drives the loop filter input. 

VCO CONTROL INPUT: Driven by the loop filter output. 

WRITE PRECOMPENSATION SET: Pin for the reference current to set the 
write precompensation magnitude value. If this pin is left open, write 
precompensation is disabled. 
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SSI 3204010 
Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 

ANALOG PINS (continued) 

NAME TYPE DESCRIPTION 

RS I WINDOW SYMMETRY ADJUST PIN: A resistor connected between this pin 
and VPA allows analog adjustment of the decode window shift magnitude. 
Used in conjunction with the digital controls WO, W1, W2 this pin can be used 
to set the magnitude of the window shift. If this pin is left unconnected, the 
window shift function is disabled. 

DGND,AGND I Digital and Analog Ground 

VPA1, VPA2 I Analog +5V Supplies 

VPD I Digital +5V Supply 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER RATING UNIT 

Storage Temperature -65 to+ 150 oc 
Junction Operating Temperature, Tj +150 oc 
Supply Voltage, VPA1, VPA2, VPD -0.5 to 7 v 
Voltage Applied to Logic Inputs -0.5 to VPD + 0.5 v 
Maximum Power Dissipation TBD w 
RECOMMENDED OPERATING CONDITIONS 

Supply Voltage, VPA1 = VPA2 = VPD = VCC 4.75 < vcc < 5.25 v 
Junction Temperature, Tj 0<Tj<135 oc 
Ambient Temperature, Ta 0 <Ta< 70° oc 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, 4.75V< VCC <5.25V, 12 MHz< 1/TORC <24 MHz, 30 MHz< 1/TVCO <72 MHz, 
0 °C< Ta <70 °C. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIH High Level Input 2.0 VPD +0.3 v 
Voltage 

VIL Low Level Input -0.3 0.8 v 
Voltage 

llH High Level Input VIH = 2.4V 100 µA 
Current 

Ill Low Level Input VIL= 0.4V -0.4 mA 
Current 

VOH High Level Output IOH =400µA 2.4 v 
Voltage 

VOL Low Level Output 10L=4mA 0.5 v 
Voltage 

FREF Input Low Current VIL= 0.4V TBD mA 

FREF Input High VIH = 2.4V TBD mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Power Supply Current All outputs & test point 100 mA 
J1.ins cm_en Ta= 70°C 

ICC (Power Down) All outputs & test point 0.1 mA 
~ns o_Q?n Ta= 70°C PWR = o 

VOHT Test Point 262nto VPD VPA v 
Output High Level 402nto DGND - 0.85 
ORD, VCO REF, VCO CLK VPD = 5.0V 

VOLT Test Point 262n to VPD VPA v 
Output Low Level 402n to DGND - 1.75 
ORD, VCO REF, VCO CLK VPD = 5.0V 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 4) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TRAC Read Clock Rise Time 0.8V to 2.0V, CL :s:; 15 pF 8 ns 

TFRC Read Clock Fall Time 2.0V to 0.8V, CL :s:; 15 pF 5 ns 

RAC Duty Cycle 12 - 20 Mbit/s 43 50 57 % 

>20 - 24 Mbit/s 40.8 50 59.2 % 

TNS,TNH NAZ (out) Set Up/ 12 - 20 Mbit/s 15.5 ns 

Hold Time >20 - 24 Mbit/s 13 ns 

TPNRZ NAZ (out) TBD 
Propogation Delay ns 

TPAMD AMO Propogation Delay TBD ns 

AMO Set Up and Hold Time 13 ns 
(TAS, TAH) 

1/3 Cell Delay TD= 3.6 (RR+1.7) 0.8TD 1.2TD ns 
2.1 Kn :s:; RR :s:; 6.1 Kn 

WRITE MODE (Design Targets) (See Figure 5) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TWO Write Data Pulse Width CL:s:;15pF 2TOWC/3 2TOWC/3 ns 
TC = 3.52 (RC + 0.53) -TC-5 

RC=kn 

TRWD Write Data Rise Time 0.8V to 2.0V, CL :s:; 15 pF 9 ns 

TFWD Write Data Fall Time 2.0V to 0.8V, CL :s:; 15 pF 5 ns 

TSNRZ NRZIN Set up Time 5 ns 

THNRZ NRZIN Hold Time 5 ns 
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WRITE MODE (Continued) 

PARAMETER CONDITIONS 

TPWD Write Data CL :5; 15 pF; TPC = 0 
Position Accuracy 

TPC Precompensation TP = 0.22M (RC + 0.53) 
Time Shift 
Magnitude RC (MIN) = TBD 
Accuracy RC (MAX) = TBD, M = (See Table) 

INPUT REQUIREMENTS 

PARAMETER CONDITIONS 

TAD Read Data 
Pulse Width 

TFRD Read Data Fall Time 2.0V to 0.8V, CL :5; 15 pF 

TRWC Write Data Clock 0.8Vto 2.0V 
Rise Time CL:5;15pF 

TFWC Write Data Clock 2.0Vto 0.8V 
Fall Time CL:5;15pF 

REFERENCE CLOCK CHARACTERISTICS 

PARAMETER CONDITIONS 

TXPW Reference Clock 
Pulse Width 

Reference Clock AC coupled 
P-P Amplitude 

DATA SYNCHRONIZATION (Design Targets) 

PARAMETER CONDITIONS 
TVCO VCOCenter VCO IN= 2.7V 

Frequency Period TO= 3.6 (RR+ 1.7) 
2.1 kn s RR s 6.1 kn 
VCC=5.0V 
RR= (93/DR)-1.7(kQ) 

vco Frequency 1 Vs VCO IN s VCC-0.6V 
Dynamic Range vcc =5.0 

KVCO VCO Control Gain OlO = 27t/TO 
1 Vs VCO IN s VCC 0.6V 

KO Phase Detector KD= 0.221(RR+530) Read Mode 
Gain = 0.11 /(RR+530) Non-Read Mode 

MIN NOM 

±1 

TBD TP 

MIN NOM 

12 

MIN NOM 

TBD 

TBD 

MIN 
O.BTO 

±25 

0.120l0 

0.83KD 

VCC= 5V, PLL REF= RD 3T ('100') Pattern 
Decode Window RS= NIC 
Centering Accuracy 
Decode Window RS= N/C (2TORC/3) - 1.5 
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MAX UNIT 

ns 

TBD ns 

MAX UNIT 

(4)TVCQ.20 ns 

9 ns 

10 ns 

8 ns 

MAX UNIT 

TBD ns 

TBD ns 

MAX UNIT 
1.2TO ns 

±45 % 

0.260l0 rad/s-V 

1.17KD A/rad 

±1.5 ns 

ns 
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CONTROL CHARACTERISTICS (See Figure 6) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TSWC wo-W3 7 ns 
THWC SETUP TIME 

TWL WL, WSL Pulse Width 20 ns 

DESIGN CHARACTERISTICS (Not Tested) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

KVCO x KO Product ±28 % 
Accuracy 

VCO Phase Referred to RRC TBD TBD TBD rad 
Restart Error 

Mode Control 

WG RG AME NB TST Modes 

0 0 0 1 Idle Idle mode. VCO locked to external FREF. RRC 
sychronized to FREF. NRZ tri-stated. AMO high. 

0 0 1 1 AM Search Read mode Address Mark search. VCO locked to 
external FREF. RRC synchronized to FREF. NRZ tri-
stated. AMO active. 

0 1 0 1 Read Data Read mode preamble search and data acquisition. 
VCO switched from FREF to RD after preamble lock. 
RRC synchronized to RD after sync bits found. NRZ 
active. 

0 1 1 1 Undefined Illegal state. 

1 0 1 1 Write AM Write mode Address Mark insertion. VCO locked to 
external FREF. WD active. NRZ tri-stated. AMO high. 

1 0 0 1 Write data Write mode preamble insertion and data write. VCO 
locked to external FREF. WO active. NRZ tri-stated. 
AMO high. 

1 1 0 1 Undefined Illegal state. 

1 1 1 1 Undefined Illegal state. 
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Write Precomp Control 

WL - Write precomp latch control 
O = > Write precomp control latches in hold state 
1 = > Write precomp control latches in transparent state 

W2, W1, WO - Write precomp magnitude control bits 

W2 W1 WO Precomp 

1 1 1 

1 1 0 1X 

1 0 1 2X 

1 0 0 3X 

0 1 1 4X 

0 1 0 5X 

0 0 1 6X 

0 0 0 7X 

Window Shift Control 

WSL - Window Shift latch control 
0 = > Window Shift control latches in hold state 
1 = >Window shift control latches in transparent state 

WSD - Window Shift direction control 
0 = > Early window(+ TS) 
1 =>Late window (-TS) 

Window Shift magnitude control bits: 

W3 W2 W1 WO Shift 

1 1 1 1 

1 1 1 0 1X 

1 1 0 1 2X 

1 1 0 0 3X 

1 0 1 1 4X 

1 0 1 0 5X 

1 0 0 1 6X 

1 0 0 0 7X 

0 1 1 1 ax 
0 1 1 0 9X 

0 1 0 1 10X 

0 1 0 0 11X 

0 0 1 1 12X 

0 0 1 0 13X 

0 0 0 1 14X 

0 0 0 0 15X 
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Magnitude M 
None 0 

Minimum 1 

2 

3 

4 

5 

6 
Maximum 7 

Magnitude 

No shift 

Minimum shift 

Maximum shift 
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____,>t TAD :Y<~XTFRD x~TARo -

WO-WJ 
WSD 

TNH 

FIGURE 4: Read Timing 

FIGURE 5: Write Timing 

FIGURE 6: Control Timing 
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Data Synchronization/1, 7 RLL ENDEC 
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FIGURE 12: Write Mode NAZ Data Timing 

PACKAGE PIN DESIGNATIONS 

VPA1 1 36 PWR 

IREF 2 35 iST 
PD OUT 3 34 RS 

VCOIN 4 33 WO 
VCO CLK 5 32 W1 

DRD 6 31 W2 

VCOR 7 30 W3 
VPA2 8 29 AGND 

VPA2 9 28 WSD 

VPA2 10 27 WS[ 

FREF 11 26 "RD 
WG 12 25 EPD 
RG 13 24 WL 

AMENS 14 23 wcs 
RRC 15 22 WCLK 

AMD 16 21 NRZIN 

VPD 17 20 WC 
DGND 18 19 NRC 

CAUTION: Use handling procedures necessary 

36-Pin SOM for a static sensitive oomponent. 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32D4420 is a low power, high performance 
bipolar device that provides a programmable filter and 
programmable frequency reference to support hard 
disk drive applications that use zoned recording tech­
niques. The 7-pole equiripple filter section includes a 
programmable cutoff range of 1.5 to 8 MHz and pro­
grammable pulse slimming of Oto 9 dB. The frequency 
reference can be programmed up to 72 MHz with 1 % 
resolution. In addition, a 7-bit current output DAC is 
included to control the data rate of an external data 
separator device. Control of the programmable fea­
tures is provided through a simple, easy to use serial 
interface. The 32D4420 functions as a companion 
device to the 32P4 720 Pulse Detector/Data Separator 
device to form a complete two-chip read channel. The 
combination of these features along with a power­
down mode, small footprint, and +5V only operation 
make the 32D4420 suitable for a wide variety of hard 
disk drive applications. 
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SSI 3204420 
Programmable Filter and 

Frequency Reference 
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FEATURES November 1991 

FILTER: 

• Cutoff frequency range of 1.5 to 8 MHz (7-bit 
DAC control) 

• Programmable pulse slimming equalization of 
o to 9 dB (7-blt DAC control) 

• Matched normal and differentiated low pass 
outputs 

• ±2% group delay variation from 1.5 to 8 MHz 

• <1% total harmonic distortion 

FREQUENCY REFERENCE: 

• Programmable frequency output up to 72 MHz 

1% frequency resolution 

• TIL compatible reference input 

• Internal 7-bit DAC for data separator control 

• Low power (<5 mW), 5V only operation 

• Power down mode (<5 mW) 

• Available in small footprint 32-pin QFP 
packages 

~ :Z a: ~ 
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SSI 3204420 
Programmable Filter and 
Frequency Reference 

FUNCTIONAL DESCRIPTION 

FILTER SECTION 

The 32D4420 includes a 7-pole, .05° equiripple-type 
linear phase low pass filter along with a single-pole, 
single zero differentiator. Both outputs have well 
matched group delays. In addition, the delay matching 
is unaffected by the amount of equalization programmed 
or the bandwidth that is selected. Programmable pulse 
slimming and cutoff are provided to support filtering 
requirements in a zoned recording application. 

The3 dB cutoff frequency, F(3dB), can be varied over 
a range of 1.5-8 MHz using an internal7-bit DAC. This 
cutoff frequency is the unboosted F(3 dB) the filter. It is 
important to note that the F(3 dB) will move out when 
boost is increased. With maximum boost programmed 
the cutoff range of the filter will increase from 1.5 - S 
MHzto4-21 MHz. Table 1 provides the scaling factors 
for F(3 dB) versus the amount of programmed boost. 

TABLE 1: 3 dB frequency change versus 
boost value 

Boost Value Actual 3 dB Frequency 

OdB F(3 dB) x 1.00 
1 dB F(3 dB) x 1.20 
2dB F(3 dB) x 1.47 
3dB F(3 dB) x 1.74 
4dB F(3 dB) x 1.95 
5dB F(3 dB) x 2.13 

6dB F(3 dB) x 2.28 
7dB F(3 dB) x 2.41 

8dB F(3 dB) x 2.53 
9dB F(3 dB) x 2.65 

PULSE SLIMMING 

Double differentiation pulse slimming is accomplished 
by a two-pole, low pass with a two-pole high pass feed­
forward section that provides complimentary real axis 
zeros. The zero locations are controlled by a variable 
attenuator that is set using an internal 7-bit DAC. A 
range of 0 to 9 dB is available. 

FREQUENCY REFERENCE 

The 32D4420 programmable frequency reference ac­
cepts a TIL compatible clock source or an AC-coupled 

ECL clock source and generates an ECL compatible 
reference output. The output frequency of the refer­
ence is controlled by programming internal M and N 
counters to set up internal divide-by ratios. The 7-bit N 
register sets the divide-by factor for the input clock 
source. The value of this register is set based upon the 
frequency of the input clock according to the following 
equation: 

N = (FIN x 256)/72 MHz 

The N register can be varied by ± TBD bits for a given 
input clock frequency. The 8-bit M register sets the 
divide-by term for the VCO reference clock. The value 
set in the M register is independent of the input clock 
frequency. When the N and M registers are set, the 
resulting frequency output will be: 

FOUT = [(M+ 1)/(N+1)] x FIN 

POWER DOWN MODES 

The 32D4420 includes a power saving mode to support 
power management. When the PWRON pin is brought 
low, the device goes into a complete power down 
mode. In this mode power consumption is reduced to 
less than 5 mW. During this mode, the serial port 
registers are powered down. As a result, programming 
data must be rewritten to the 3204420 registers upon 
coming out of the power down mode. 

SERIAL PORT OPERATION 

The 32D4420 provides a simple serial port interface 
that allows programming of the device's internal regis­
ters. The write-only serial port is a three-line interface 
that requires an enable signal (SDEN) along with clock 
(SCLK) and data (SDATA) signals to program the 
internal registers of the 32D4420. Data is shifted into 
the registers in 8-bit bytes that are divided into four bits 
of address and four bits of data. To load data into the 
device, the enable pin (SDEN) is asserted for eight 
clock cycles during which data can be presented on the 
SDATA input pin. Data on the SDATA pin is clocked 
into the device on the falling edges of the clock signal 
provided on the SCLK pin. The falling edge of SDEN 
latches the data internally and initiates the function 
selected. To save power the serial port circuitry is 
powered down when the SDEN line is low. Because of 
this, there is a minimum set-up and hold time for the 
SDEN signal (refer to specifications.) Table 2 provides 
the address-to-function mapping for the internal regis­
ters. 
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SSI 3204420 
Programmable Filter and 

Frequency Reference 

PIN DESCRIPTION (PRELIMINARY) 

INPUT PINS 

NAME TYPE DESCRIPTION 

AGND1 I Analog ground pin for the filter. 

AGND2 I Analog ground pin for the frequency reference. 

DGND I Digital ground. 

DACI I Current DAC output. This output is controlled by the 7-bit DACI register and the 
resistor connected between VR1 and VR2. 

FLTR I PLL loop filter pin. An RC filter is connected to this pin to control the VCO voltage. 

FOEN I This is a TTL compatible input that disables the output buffer of the FOUT pin. 
This function is used to reduce jitter when the reference output is not required. 

FOUT I ECL compatible frequency reference output. This output should be AC coupled 
into the reference input of the data separator device. 

FREF I Reference clock input for the internal PLL. 

IN+/- I Differential inputs fort he programmable filter. A differential input signal should be 
AC-coupled into these pins. 

OD+/- I Differentiated output of the programmable filter. These differential outputs should 
be AC-coupled into the receiving device. 

ON+/- I Normal low pass outputs of the programmable filter. These differential outputs 
should be AC-coupled into the receiving device. 

PWRON I Active high TTL input signal that enables the device. When this pin is brought low 
it puts the device into a complete power down mode. 

Rx I Current input for filter control DACs. An external 1 % resistor is connected from 
Rx to ground to set internal currents for the filter control DACs. 

SCLK I Serial port clock input used for clocking in data on the SDATA pin. The clock 
source for this pin should be externally gated with the SDEN signal. 

SDATA I Serial port input data. 

SDEN I Serial port enable input. 

VR1/VR2 I Current setting resistor pins. A resistor is connected between these pins to set 
the current reference for DACI. 

VPA1 I +5V analog power input for the filter. 

VPA2 I +5V analog power input for the frequency reference. 

VPA3 I +5V analog power input for the frequency reference. 

VPD I +5V digital power input. 

TBG_EN I Time Base Generator Enable. Active high enables the time base generator 
portion of the device. A low level disables the TBG portion and reduces power. 

FCO 0 Filter Control 0. TTL output used to control an external filter multiplexer. 
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TABLE 2: Serial Port Register Mapping 

ADDRESS BITS 

D7 D6 D5 D4 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

X = Don't care bit. 

ELECTRICAL SPECIFICATIONS 

USAGE 

DACI 

DACI 

PULSE SLIMMING 

PULSE SLIMMING 

3 dB FREQUENCY 

3 dB FREQUENCY 

M REGISTER 

M REGISTER 

N REGISTER 

N REGISTER 

Unless otherwise specified recommended operating conditions apply. 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, VCC 

Voltage Applied to Inputs 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, VCC 

Ambient Temperature 

POWER SUPPLY CHARACTERISTICS 

PARAMETER CONDITIONS 

ICC Power Supply Current PWRON = 0.8V 

ICC Power Supply Current PWRON<::2.2V 

PD Power Dissipation PWRON;;:: 2.2V, VCC = 5.0V 

PWRON ;;:: 2.2V, VCC = 5.5V 

4-168 

DATA BITS 

D3 D2 D1 DO 

x 16 IS 14 

13 12 11 10 

x S6 SS S4 

S3 S2 S1 so 
x F6 FS F4 

F3 F2 F1 FO 

M7 M6 MS M4 

M3 M2 M1 MO 

x N6 NS N4 

N1 N2 N1 NO 

RATINGS UNIT 

-6S to +1SO oc 
+130 oc 

-0.S to 7 v 
-0.Sto VCC v 

4.6S < vcc < s.so v 
0 <Ta< 70 oc 

MIN NOM MAX UNITS 

5 mA 

35 41 mA 

175 205 mW 

500 mW 
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ELECTRICAL SPECIFICATIONS (continued) 

DC CHARACTERISTICS 

PARAMETER CONDITIONS 

VIH High Level Input Voltage TIL input 

VIL Low Level Input Voltage 

llH High Level Input Current VIH = 2.7V 

Ill Low Level Input Current VIL= 0.4V 

FIL TEA CHARACTERISTICS 

Jc Filter Cutoff Frequency fc = 13.33 MHz (IFI) 
mA 

IFI = 0.11 to .6 mA, TA = 2s 0 c 
FCA' Filter Jc Accuracy Jc= 8 MHz 

AO VO_NORM Dill Gain F = 0.67 Jc, FB = O dB 

AD VO_DIFF Dill Gain F = 0.67 Jc, FB = 0 dB 

SSI 3204420 
Programmable Filter and 

Frequency Reference 

MIN NOM MAX UNITS 

2.0 v 
0.8 v 
20 µA 

-1.5 mA 

1.5 8.0 MHz 

-10 +10 % 

0.9 1.10 VN 

0.90AO 1.1AO VN 

FB Frequency Boost at Jc 
FB(db)=20 log [1.884( 1 ~7 )+1] 

9.2 dB 

VBP =MAX 

FBA Frequency Boost Accuracy FB=15dB -1 +1 dB 

TGDO Group Delay Variation Jc = 8 MHz, VBP = OV -1.3 +1.3 ns 
Without Boost F = 0.2 Jc to Jc 

Jc = 1.S MHz - 8 MHz -2 +2 % 
F = 0.2 Jc to Jc, VBP = OV 

TGDB Group Delay Variation Jc = 8 MHz, VBP = VR -1.3 +1.3 ns 
With Boost F = 0.2 Jc to Jc 

Jc = 1.5 MHz - 8 MHz -2 +2 % 
F = 0.2 Jc to Jc, VBP = VR 

VIF Filter Input Dynamic Range THO= 1% max, F = 0.67 Jc 1.0 Vpp 

VOF Filter Output Dynamic Range THO= 1% max, F = 0.67 Jc 1.0 Vpp 

VIF Filter Input Dynamic Raf!9._e THO = 3% max, F = 0.67 .f!? 2.0 V_E>El_ 

VOF Filter Output Dynamic Range THO = 3% max, F = 0.67 Jc 2.0 Vpp 

RIN Filter Dill Input Resistance 3.0 kn 

CIN Filter Input Capacitance 7 pF 

EOUT Output Noise Voltage BW = 1 oo MHz, Rs = son 6.3 mVRms 
Differentiated Output IFI = 0.6 mA, VBP = O.OV 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 2.7 mVRms 
Normal Output IFI = 0.6 mA, VBP = O.OV 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 10.3 mVRms 
Differentiated Output IFI = 0.6 mA, VBP = VR 

EOUT Output Noise Voltage BW = 100 MHz, Rs= son 4.1 mVRms 
Normal Output IFI = 0.6 mA, VBP = VR 

10- Filter Output Sink Current 1.0 mA 

10+ Filter Output Source Current 2.0 mA 

RO Filter Output Resistance 60 n 
(Single ended) 
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FREQUENCY REFERENCE CHARACTERISTICS 

PARAMETER CONDITIONS 

VOH FOUT ECL High Level VCD = 5V, VOH-VCD 

VOL FOUT ECL Low Level VCD = 5V, VOL-VCD 

10 FOUT Output Current 

VO FOUT Output Swing 

INPUT/OUTPUT CHARACTERISTICS 

PARAMETER CONDITIONS 

FIN FIN Frequency 

FO FOUT Frequency 

JFO FOUT Jitter TO= 1/FO; FCLK active 

DFO FOUT Duty Cycle 50% Amplitude 
FOUT= 72 MHz 

M M Divide Number 

N,F N,F Divide Number 

I I Register Number 

RR External Resistor 

TVCO VCO Center Frequency T0=(6.17 E-1 O)(RR/M)+2.4 ns 
Period VCC = 5V, RR= 4.75 kn 

FLTR = 2.7V 
FIN= 20 MHz, M = 100 

VCO Frequency Dynamic 1V < FLTR < VCC-0.5V, 
Range VCC = 5V, Four= 31.5 MHz 

KVCO VCO Control Gain roi = 27tlTVCO 

KD Phase Detector KO= (4.16 E-3)/RR 

IOI DACI Current 10 = (7.41 E-2)1/RR 
vcc = 5V, TA= 25°C, 
RR= 4.75kn 

Rx 

I DAC Current Tolerance RR= 4.75 kQ 
0°c <Ta< 70°C 
4.75V <Vee< 5.25V 

I Differential Linearity 0°C Ta<70°C 
(Monotonicity) 4.75V <Vee< 5.25V 

4-170 

MIN NOM MAX UNIT 

-1.02 v 

-1.45 v 

±4 mA 

0.6 v 

MIN NOM MAX UNITS 

8 20 MHz 

75 MHz 

±400 ps(pk) 

42 58 % 

80 255 -
25 127 -
30 127 -

4.50 5.25 kn 

0.77TO TVCO 1.23TO ns 

±25 ±45 % 

0.14roi 0.26roi rad/s V 

KD A/rad 

0.9510 1.0510 A 
-3/4LSB +3/4LSB 

2.5 3.0 kn 

.8110 1.1710 A 

-1LSB -
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INPUT/OUTPUT CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

SCLK Data Clock Period, TC 

TDD Data Set Up/Hold Time 

TOE Data Enable Delay Time Delay from data clock 
rising edge 

Serial Byte Format 

SDEN 

SCLK _JLJl_ 

SDATA 7 6 5 4 

SCLK -·~---·---- ------~ 
TC/2 j_ 

SDATA 

SSI 3204420 
Programmable Filter and 

Frequency Reference 

MIN NOM MAX UNITS 

100 ns 

25 ns 

-TC TC/4 ns 

;=TDD TDD~_ 
-----~ ~-------~----

1.-TDE-J~ 
SDEN ___/ 

i.-----TC(min)-----1o-i ,--

~-~/ 

FIGURE 1: Serial Port Timing 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

4-171 ©1991 Silicon Systems, Inc. 
Protected by the following patent (4,803,445) 

other patents pending. 
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DESCRIPTION 
The SSI 3204660 Time Base Generator provides a 
programmable reference generator, channel filter 
control and data rate control for constant density 
recording applications. It is optimized to operate with 
the SSI 32P4620 pulse detector data separator combo 
device. The SSI 3204660 contains a high perform­
ance programmable PLL for 1 % reference frequency 
control. A 7-bit DAC is provided to program the IREF 
current which sets the data separator PLL operating 
center frequency. A 7-bit DAC is provided to program 
the 1 FDET current which sets the timing for the data 
separator synch field detect. Two additional 7-bit 
DAC's are provided for programmable electronic filter 
(slimmer) control. Two latched TTL outputs are provided 
to control filter multiplexers. A serial microprocessor 
interface reduces pin count and provides convenient 
access to the internal program storage registers. The 
3204660 only requires a +5V supply and will be avail­
able in 24-pin SO packages. 

SSI 3204660 
Time Base 
Generator 

IQ i§ I h ,O 1!1 fl •Mfii 
December 1991 

FEATURES 

• For constant density recording appllcatlons 
when utilized with SSI 32P4620 

• Reference frequency control 

• Internal DAC available to program data 
separator data rate 

• Internal DAC available to program data 
separator sync field detect timing 

• Up to 75 MHz operation 

• 1% frequency resolution 

• No external active components required 

• +5V only operation 

• Low power mode 

• 24-pln SOL package 

BLOCK DIAGRAM 

DACF 

1291 - rev. 

FCLK 

REF 

Phase 
Detector 

Oiv by M+1 
(8 bits) 

N Register M Register 
(7 bits) (8 bits) 

J 

S Register Address 
(7 bits) Decode 

VR3 DACS SDEN 

FLTR 
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Time Base 
Generator 

PIN DESCRIPTIONS 

INPUT PINS 

NAME DESCRIPTION 

SDATA Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (07) first. The first four bits are the register address and the last 
four are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 
packets. These packets should be loaded sequentially in less than 1 O µs since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are given in 
Table 1. 

SCLK Serial Data Clock. Negative edge triggered clock input for the serial data. 

SDEN Serial Data Enable. A high level input enables data loading. The data is latched 
when the input is low. 

FOEN Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 

OUTPUT PINS 

FOUT Frequency Output. An ECL output with internal current source. The low voltage 
swing which minimizes data separator jitter must be AC coupled to the data separator 
XL T1 input. FOUT= [(M + 1)/(N+1 )]FIN where M = M Register number and N must 
be set to approximately [(FIN) (25.6) I 72MHz] - 1 

DACM DAC Output. 7-bit DAC current sink output used to program liming current to the data 
separator sync field detect SDS pin. The current magnitude is controlled by the 7 
MSB's of the M Register and is compensated to minimize the sensitivity to power 
supply and temperature variations. If this output isn't required, the pin must be 
connected to VCC. 

DACI DAC Output. 7-bit DAC current source output used to program timing currentforthe 
data separator VCO center frequency. The current magnitude is controlled by the 
I Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 

DAC F DAC Output. 7-bit DAC voltage output used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the F Register number. 

DACS DAC Output. Similar to DAC F except controlled by the S Register number. 

FCO Filter Control 1. TIL output used to control an external filter multiplexer. CO= H sets 
FCO = H. 

FC1 Filter Control 2. TIL output used to control an external filter multiplexer. C1 = H sets 
FC1 = H. 
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OUTPUT PINS (Continued) 

NAME DESCRIPTION 

FCLK Clock Output. Optional TIL output that may be used for a system clock. The output 
frequency is the same as the oscillator output frequency. For minimum FOUT jitter, 
parts with FCLK disabled should be used. FCLK remains active when PWR ON is 
low. 

ANALOG PINS 

XTL1, XTL2 Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 
20 MHz crystal. If a crystal is not desired, XTL 1 may be driven by a TIL source with 
XTL2 left open. 

VR1, VR2 Current Setting Resistor Connections. An external resistor RR connected between 
VR1 and VR2 sets the DACM and DACI currents. 

·-

VR3 Reference Voltage Input. An external 2.2V supply sets the reference for the DACF 
and DACS currents. 

FLTR PLL Loop Filter Connection. Connection for loop filter components R1, C1 and C2. 

DGND, AGND Digital and Analog Ground 

VGA, VCB Analog +SV Supplies 

VCD Digital +SV Supply 

TABLE 1: Data Packet Fields 

ADDRESS BITS USAGE DATA BITS 

D7 D6 05 04 03 02 01 DO 

0 1 1 0 I REGISTER x 16 IS 14 

0 1 1 1 I REGISTER 13 12 11 10 

1 0 0 0 F, C, REGISTER C1 F6 FS F4 

1 0 0 1 F REGISTER F3 F2 F1 FO 

1 0 1 0 S, C, REGISTER co S6 SS S4 

1 0 1 1 S REGISTER S3 S2 S1 so 
1 1 0 0 M REGISTER M7 M6 MS M4 

1 1 0 1 M REGISTER M3 M2 M1 MO 

1 1 1 0 N REGISTER x N6 NS N4 

1 1 1 1 N REGISTER N1 N2 N1 NO 

X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, VCA, VCB, VCD 

Voltage Applied to Logic Inputs 

Maximum Power Dissipation 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Supply voltage, VCA = VCB = VCD 

Junction Temperature, Tj 

Ambient Temperature, Ta 

ELECTRICAL CHARACTERISTICS 
Unless Otherwise Specified: 4.65V<VCC<5.25, 0°C<Ta<709C 

PARAMETER CONDITIONS 

VIH High Level Input Voltage 

VIL Low Level Input Voltage 

llH High Level Input Current VIH = 2.7V 

Ill Low Level Input Current VIL= 0.4V 

VOH High Level Output Voltage IOH = -400 µA 

VOL Low Level Output Voltage IOL = 2 mA 

VOH FOUT ECL High Level VCD = 5V, VOH-VCD 

VOL FOUT ECL Low Level VCD = 5V, VOL-VCD 

ICC Power Supply Current 

10 FOUT Output Current 

VO FOUT Output Swing 

4-176 

RATING 

-65 to + 150°C 

+150°C 

-0.5 to 7V 

-0.5 to 5.5V 

540mW 

RATING UNITS 

4.65<VCC<5.25 v 
O<Tj<135 oc 
0<Ta<70 oc 

MIN NOM MAX UNIT 

2.0 v 
0.8 v 
20 µA 

-1.5 mA 

2.4 v 
0.5 v 

-1.02 v 
-1.45 v 

77 103 mA 

±4 mA 

0.6 v 
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INPUT/OUTPUT CHARACTERISTICS 

PARAMETER CONDITIONS 

FIN FIN Frequency 

FO FOUT Frequency 

JFO FOUT Jitter TO= 1/FO; FCLK active 

DFO FOUT Duty Cycle 50% Amplitude 
FOUT= 72 MHz 

F F Register Number 

s S Register Number 

M M Divide Number 

N N Divide Number 

I I Register Number 

RR External Resistor 

TVCO VCO Center Frequency T0=(6.17 E-1 O)(RR/M)+2.4 ns 
Period VCC = 5V, RR= 4.75 kn 

FLTR = 2.7V 
M = 100; FIN= 20 MHz 

VCO Frequency Dynamic 1V <Fl TR< VCC - 0.5V, 
Range VCC = 5V, Fout= 31.5 MHz 

KVCO VCO Control Gain roi = 27t/TVCO 

KD Phase Detector KD = (4.16E - 3)/RR 

IOM DACM Current 10 = (1.641 E-2) MIRR 
vcc = 5V, TA= 25°C, 
RR= 4.75kn 

101 DACI Current 10 = (7.41 E-2)1/RR 
VCC = 5V, TA= 25°C, 
RR= 4.75kn 

VOF DACF Voltage VOF = 0.98 F*VR3/127, 
vcc = 5V 

VOS DACS Voltage VOS = 0.98 S*VR3/127 
vcc = 5V 

VR3 DAC Reference 

IVR3 VR3 Input Current VR3 = 2.2V 

l,M DAC Current Tolerance RR= 4.75 kn 
0°c <Ta< 70°C 
4.75V <Vee< 5.25V 
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MIN NOM 

8 

42 

0 

0 

80 

25 

30 

4.50 

0.77TO TVCO 

±25 

0.14roi 

KD 

0.9710 
-1LSB 

0.9510 
-3/4LSB 

0.97VOF 
-3/4LSB 
+15 mV 

0.97VOS 
-3/4LSB 
+15 mV 

2.0 

.81 10 
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MAX UNITS 

20 MHz 

75 MHz 

±400 ps(pk) 

58 % 

127 -

127 -

255 -

127 -

127 -
5.25 kn 

1.23TO ns 

±45 % 

0.26roi rad/s V 

A/rad 

1.0310 A 
+1LSB 

1.0510 A 
+3/4LSB 

1.03VOF v 
+3/4LSB 
+60 mV 

1.03VOS v 
+3/4LSB 
+60 mV 

2.4 v 

1.0 mA 

1.1710 A 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

I, F, Differential Linearity 0°C Ta<70°C 
M,S (Monotonicity) 4.75V <Vee< 5.25V 

VODH DACM Output Voltage 

VODL DACI Output Voltage 

VOFL DACF, DACS Output Voltage 

ROUT DACF, DACS Output 
Resistance 

SCLK Data Clock Period, TC 

TDD Data Set Up/Hold Time 

TDE Data Enable Delay Time Delay from data clock 
rising edge 

Serial Byte Format 

SDEN 

SCLK_JUL_fL 

SDATA 7 1 s 1 s 1 4 1 3 \ 2 \ 1 o I 

---TC/2---

SCLK 

MIN MAX UNITS 

-1LSB -

2.5 vcc v 
2 v 

0.1 2.4 v 
3.7 kn 

100 ns 

25 ns 

-TC TC/4 ns 

SDATA j__p____,'OO~ - - - ~~~ 

SDEN k-rnE) {14-'--·-_-_-_-_-_----TC_(_m_in) ___ ~y-

FIGURE 1: Serial Pon Timing 

4-178 1291 - rev. 



APPLICATIONS INFORMATION 

The serial port allows the user to program the internal 
registers of the 32D4660 device. This port has been 
designed to operate with the serial port on most 
microcontrollers such as the 8051. Silicon Systems 
also provides a serial port board that can be used to 
operate the serial interface. The serial port consists of 
three lines: enable (SDEN or SERMODE), data 
(SDATA), and clock (SCLK). During a serial data 
transfer, eight bits of data should be transferred to the 
selected device. The first four bits of data contain 
register address information while the last four bits 

SDEN 

SCLK 

SDATA A3 A2 AO 

SSI 3204660 
Time Base 
Generator 

contain the programming data. The timing consider­
ations for the serial port are fairly straight forward (see 
Figure 2). The enable line is driven high to initiate the 
data transfer. While the enable line is high, the trans­
mitting device should output eight clock pulses along 
with eight bits of synchronous programming data. The 
data is shifted internally on the falling edge of the clock 
pulses. To prevent false data from being latched in, 
only eight (8) clock pulses should be provided while the 
enable line is active. The falling edge of the enable 
input will latch the data into the internal registers and II 
initiate the selected function. • 

D3 02 01 DO 

FIGURE 2: Serial Port Timing 

SDEN 

SCLK 

SDATA 

FIGURE 3: Serial Port Timing, Multiple Transfers 
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APPLICATIONS INFORMATION (continued) 

REFERENCE FREQUENCY OUTPUT: 

The 32D4660 provides the reference frequency for the phase-locked loop (PLL) of a data separator. The required 
frequency is programmed using the Mand N registers of the 4660. The value of the N register is determined by 
the oscillator that drives the 32D4660 according to the following equation: 

N (Fin•256) _ 1 
(72 MHz) 

Forthis application, using a 12 MHzoscillator(Fin) would yield an N value of 41.7. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of± 1 integer so N can be set from 41 to 43. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 
value: 

Fout= ((M+ 1)) •Fin 
N+1 

Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 12 MbiUs the required reference frequency is 36 MHz 
and using a value of N = 41, yields an M value of 125. At 13 MbiUs using the N value of 41 would require an M 
value of 135.5 to produce an output frequency of 39 MHz. Using M = 135 would give an output frequency of 38.86 
MHz while using an M value of 136 the output frequency would be 39.14 MHz. If N is changed to 43 then a value 
of 143 for M would produce the required output frequency of 39 MHz. The required M and N values for some 
sample data rates are provided in the table that follows. 

TABLE 1: Mand N Register Programming Example 

DR (MbiUs) Fout M N 

12 Mb/s 36 MHz 125 41 

13 Mb/s 39 MHz 142 43 

14 Mb/s 42 MHz 146 41 

15 Mb/s 45 MHz 164 43 

The N register is at address "111 O" for the MSBs and address "1111" for the LSBs. The table that follows gives 
the required register programming information for the values of N. 

TABLE 2: Frequency Programming Information, N Register 

ADDRESS BITS DATA BITS FUNCTION 

D7 D6 D5 D4 D3 D2 D1 DO 

1 1 1 0 x 0 1 0 N Register MSBs for N = 41 

1 1 1 1 1 0 0 1 N Register LSBs for N = 41 

1 1 1 0 x 0 1 0 N Register MSBs for N = 43 

1 1 1 1 1 0 1 1 N Resgister LSBs for N = 43 

4-180 1291-rev. 



SSI 3204660 
Time Base 
Generator 

The M register is at address "11 OO"forthe MS B's and at address "1101 "forthe LSB's. The table thatfollows gives 
the required register programming information for the values of M based on the equation given above for Fout. 

TABLE 3: Frequency Programming Information, M Register 

ADDRESS BITS DATA BITS FUNCTION 

D7 D6 D5 D4 D3 D2 D1 DO 

1 1 0 0 0 1 1 1 M Register= 125, 

1 1 0 1 1 1 0 1 Fout= 36 MHz 

1 1 0 0 1 0 0 0 M Register= 142, 

1 1 0 1 1 1 1 0 Fout= 39 MHz 

1 1 0 0 1 0 0 1 M Register= 146, 

1 1 0 1 0 0 1 0 Fout= 42 MHz 

1 1 0 0 1 0 1 0 M Register = 164, 

1 1 0 1 0 1 0 0 Fout= 45 MHz 

LOOP FILTER FOR THE 3204660: 

The 3204660 requires a loop filter to control the PLL locking characteristics. While there are several types offilters 
that can be used to perform this function, a simple integrating filter has proven to be very effective (see Figure 4). 
To select the components for the loop filter, two considerations should be made. First, the acquisition time of the 
loop must be less than the minimum track-to-track seek time and second, the capacitorC1 should be low leakage 
(C1<1.0 µF). The acquisition time of the loop is set-up to accommodate a zero phase restart and allow for 1% 
maximum phase error alter phase acquisition. This yields a settling time of: t8 = 5/(J)n . 

From the data sheet, 

KVCO = (0.21)(27t)(F0u1 ) rad/s V (typ.), at 72MHz KVCO = 9 5 x 107 

KD = (4.14 E-3)/RR A/rad @RR= 4.75KQ, KD = 8.76 x 10"7 

For a second order system, 

R1 = (2 x 'x (J)n)/(KVCO x KD) where 'is the damping factor. 

C1 = (KVCO x KD)/((J)n2 ) and C1/10 > C2 > C1/20 

A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 

If we start with (J)n = 2 x 1 o•, C1 can be calculated as 0.21 µF and C2 can be calculated as 0.01 to 0.02 µF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1.0, so R1 is calculated as: 

R1 = (2 x 1.0 x 2E4 )/(9.5E7 x 8.76E-7) = 480 ohms 

These values will produce a loop settling time t8 of 5/2 x 1 o• = 250 µsecs. 

The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 
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VCOIN 

I~ 

lJ 
2 Single Rate 

FIGURE 4: Integrating 
Filter for the Phase Locked Loop. 

PIN DIAGRAM 
AGND 

(Top View) DACM 

VCA 

FOUT 

FOEN 

VCB 

FLTR 

VCD 

FCLK 

DGND 

XL1 

XL2 

ORDERING INFORMATION 

PART DESCRIPTION 

SI 3204660, Time Base Generator 

24-Pin SOL 

v 

NOTE: For further information on the loop filter consult 
the Data Synchronizer Family Application 
Notes in chapter 4 of the Silicon Systems 
Storage Products data book. 

VR2 

VR1 

DACI 

OACF 

DACS 

VR3 

FC1 

FCO 

SDATA 

SCLK 

SDEN 

N/C 

24 Pin SOL 
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DESCRIPTION FEATURES 
The SSI 3204661/4662 Time Base Generator pro­
vides a programmable reference generator, channel 
filter control and data rate control for constant density 
recording applications. It is optimized to operate with 
the 32D53xx series data separators and contains a 
high performance programmable PLL for 1 % reference 
frequency control. A 7-bit DAC, DACI is provided to 
program the I REF current which sets the data separator 
PLL operating center frequency. A 7-blt DAC, DACM 
is provided to program the 1 FDET current which sets the 
timing for the data separator synch field detect. Two 
additional 7-blt DACs are provided for programmable 
electronic filter (slimmer) control. DACS controls the 
boost while DACF controls the cutoff frequency of the 
electronic filter. A latched TTL output is provided to 
control filter multiplexer. A serial microprocessor 
interface reduces pin count and provides convenient 
access to the internal program storage registers. The 
3204661/4662 only requires a +5V supply and is avail­
able in 24-pin SO packages. 

BLOCK DIAGRAM 

FCLK 

Rx 

Div by N+ 1 Phase 
(7 bits) Detector 

DACS 

DivbyM+1 
(8 bits) 

• 
• 
• 
• 
• 

• 

• 
• 
• 
• 
• 
• 
• 

4-183 

Not plug compatible with SSI 3204660 

For constant density recording applications 

Reference frequency control 

Channel filter control 

Internal OAC available to program data 
separator data rate 

Internal OAC available to program data 
separator sync field detect timing 

Up to 72 MHz operation for the 3204661 

Up to 108 MHz operation for the 3204662 

1 % frequency resolution 

No external active components required 

+5V only operation 

Low power mode 

24-pln SOL/SSOP package 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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PIN DESCRIPTION 

INPUT PINS 

NAME DESCRIPTION 

SDATA Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (D7) first. The first four bits are the register address and the last 
four are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 
packets. These packets should be loaded sequentially in less than 10 µs since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are given in 
Table 1. 

SCLK Serial Data Clock. Negative edge triggered clock input for the serial data. 

SDEN Serial Data Enable. A high level input enables data loading. The data is latched 
when the input is low. 

FOEN Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 

OUTPUT PINS 

FOUT Frequency Output. An ECL output with internal current source. The low voltage swing 
which minimizes data separator jitter must be AC coupled to the data separator XTL 1 
input. FOUT= ((M + 1 )/(N + 1 )]FIN where M = M Register number and N must be set 
to approximately 32D4661: [(FIN) (256) I 72 MHz]- 1; 32D4662: [(FIN) (256) I 108 MHz]-1 

DACM DAC Output. 7-bit DAC current sink output used to program timing currentto the data 
separator sync field detect SDS pin. The current magnitude is controlled by the 7 
MSB's of the M Register and is compensated to minimize the sensitivity to power 
supply and temperature variations. If this output isn't required, the pin must be 
connected to VCC. 

DACI DAC Output. 7-bit DAC current source output used to program timing current fort he 
data separator VCO center frequency. The current magnitude is controlled by the 
I Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 

DACF DAC Output. 7-bit DAC current output used for electronic filter control. The output 
current is set by the voltage at VR3, and the F Register number and an external 
resistor Rx. 

DACS DAC Output. 7-bit DAC voltage output used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the S Register number. 

FCO Filter Control o. TIL output used to control an external filter multiplexer. CO= H sets 
FCO = H. 
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OUTPUT PINS (Continued) 

NAME DESCRIPTION 

FCLK Clock Output. Optional TTL output that may be used for a system clock. The output 
frequency is the same as the oscillator output frequency. For minimum FOUT jitter, this 
pin should be a no connect. FCLK remains active when PWR ON is low. 

ANALOG PINS 

XTL1, XTL2 Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 20 MHz 
crystal. If a crystal is not desired, XTL 1 may be driven by a TTL source with XTL2 left open. 

VR1, VR2 Current Setting Resistor Connections. An external resistor RR connected between VR1 
and VR2 sets the DACM and DACI currents. 

VR3 Reference Voltage Input. An external 2.2V supply sets the reference for the DACS voltage. 

IR Reference Current Input. An external resistor Rx, connected from IR to VR3 reference 
voltage sets the reference current for the DACF current. 

FLTR PLL Loop Filter Connection. Connection for loop filter components R1, C1 and C2. 

DGND,AGND Digital and Analog Ground 

VCA, VCB Analog +5V Supplies 

VCD Digital +5V Supply 

TABLE 1: Data Packet Fields 

ADDRESS BITS USAGE DATA BITS 

D7 D6 D5 04 03 02 01 DO 

0 1 1 0 I REGISTER x 16 15 14 

0 1 1 1 I REGISTER 13 12 11 10 

1 0 0 0 S REGISTER x S6 S5 S4 

1 0 0 1 S REGISTER S3 S2 S1 so 
1 0 1 0 F, C REGISTER co F6 F5 F4 

1 0 1 1 F REGISTER F3 F2 F1 FO 

1 1 0 0 M REGISTER M7 M6 M5 M4 

1 1 0 1 M REGISTER M3 M2 M1 MO 

1 1 1 0 N REGISTER x N6 N5 N4 

1 1 1 1 N REGISTER N1 N2 N1 NO 

X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, VCA, VCB, VCD 

Voltage Applied to Logic Inputs 

Maximum Power Dissipation 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Supply voltage, VCA = VCB = VCD 

Junction Temperature, Tj 

Ambient Temperature, Ta 

ELECTRICAL CHARACTERISTICS 

RATING 

-65 to + 150°C 

+150°C 

-0.5to 7V 

-0.5 to 5.5V 

540mW 

RATING 

4.65 to 5.25 

O<Tj<135 

0<Ta<70 

Unless Otherwise Specified: Recommended operating conditions apply 

PARAMETER CONDITIONS MIN 

VIH High Level Input Voltage 2.0 

VIL Low Level Input Voltage 

llH High Level Input Current VIH = 2.7V 

Ill Low Level Input Current VIL= 0.4V 

VOH High Level Output Voltage IOH = -400 µA 2.4 

VOL Low Level Output Voltage IOL = 2 mA 

VOH FOUT ECL High Level VCD = 5V, VOH-VCD -1.02 

VOL FOUT ECL Low Level VCD = 5V, VOL-VCD 

ICC Power Supply Current 

10 FOUT Output Current 

VO FOUT Output Swing 0.6 

4-186 

UNITS 

v 
oc 
oc 

NOM MAX UNIT 

v 
0.8 v 
20 µA 

-1.5 mA 

v 
0.5 v 

v 
-1.45 v 

77 103 mA 

±4 mA 

v 
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INPUT/OUTPUT CHARACTERISTICS 

PARAMETER CONDITIONS 

FIN FIN Frequency 

FO FOUT Frequency 32D4661 

32D4662 

JFO FOUT Jitter TO= 1/FO; FCLK active 

DFO FOUT Duty Cycle 50% Amplitude 
32D4661: FOUT = 72 MHz 
32D4662: FOUT= 108 MHz 

F F Register Number 
- - --~--

s S Register Number 

M M Divide Number 
----·-----

N N Divide Number 
- ----------

I I Register Number 
----------

RR External Resistor 

TVCO VCO Center Frequency 3204661: T0=(6.17)(RR/M)+2.4 ns 
Period 3204662: T0=(4.08)(RR/M)+2.4 ns 

VCC = 5V, RR= 4.75 kQ 
FLTR = 2.7V 
M = 100 

VCO Frequency Dynamic 1V <Fl TR< VCC-0.5V, 
Range VCC = 5V, M = 100 

KVCO VCO Control Gain wi = 2n/TVCO 

KD Phase Detector KD = (4.16E -3)/RR 

IOM DACM Current 10 = (1.641 E-2) MIRR 
VCC = 5V, TA= 25°C, 
RR= 4.75kQ 

---

IOI DACI Current 10 = (7.41 E-2)1/RR 
VCC = 5V, TA= 25°C, 
RR= 4.75kn 

IOF DACF Current IOF = 0.98 F*4/128 • IR 
VCC = 5V, Rx= 2.74 kQ 
Where IR= VR3/(4*Rx) or an 
external current source 

VOS DACS Voltage VOS= 0.98 S*VR3/127 
VCC = 5V 

VR3 DAC Reference 

IVR3 VR3 Input Current VR3 = 2.2V 
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MIN NOM MAX UNITS 

8 20 MHz 

72 MHz 

108 MHz 

±400 ps(pk) 

42 58 % 

0 127 -

0 127 -

80 255 -
25 127 -

30 127 -
4.50 5.25 kQ 

--------

0.77TO TVCO 1.23TO ns 

±25 ±45 % 

0.14wi 0.26wi rad/s V 

KD Nrad 

0.9710 1.0310 A 
-1LSB +1LSB 

0.9710 1.0510 A 
-3/4LSB +3/4LSB 

0.9710F 1.0310F v 
-3/4LSB +3/4LSB 

0.97VOS 1.03VOS v 
-3/4LSB +3/4LSB 
+15 mV +60 mv 

2.0 2.4 v 

1.0 mA 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

Rx 

l,M DAC Current Tolerance RR= 4.75 kQ 
0°c <Ta< 70°C 
4.75V <Vee< 5.25V 

I, F, Differential Linearity 0°C<Ta<70°C 
M,S (Monotonicity) 4.75V <Vee< 5.25V 

VODH DACM Output Voltage 

VODL DACI Output Voltage 

VOFL DACF, DACS Output Voltage 

ROUT DACF, DACS Output 
Resistance 

SCLK Data Clock Period, TC 

TDD Data Set Up/Hold Time 

TOE Data Enable Delay Time Delay from data clock 
rising edge 

Serial Byte Format 

SDEN 

SCLK 

SDATA 7 I 6 I 5 I 4 I 3 I 2 I , I 0 I 

---TC/2---
SCLK 

MIN NOM MAX UNITS 

2.5 3.0 kQ 

.81 10 1.1710 A 

-1LSB -

2.5 vcc v 

2 v 

0.1 2.4 v 

3.7 kQ 

100 ns 

25 ns 

-TC TC/4 ns 

~,~,,J=-TD-D __ rn_o_~~'C_·.··. - :°'~--~ --TC(mln)---..y---
SDATA 

SDEN 

FIGURE 1: Serial Port Timing 
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APPLICATIONS INFORMATION 

The serial port allows the user to program the internal 
registers of the 32D4661/4662 device. This port has 
been designed to operate with the serial port on most 
microcontrollers such as the 8051. Silicon Systems 
also provides a serial port board that can be used to 
operate the serial interface. The serial port consists of 
three lines: enable (SDEN or SERMODE), data 
(SDATA), and clock (SCLK). During a serial data 
transfer, eight bits of data should be transferred to the 
selected device. The first four bits of data contain 
register address information while the last four bits 
contain the programming data. The timing consider-

SDEN 

SCLK 

SDATA A3 A2 A1 AO 

SSI 3204661 /4662 
Time Base Generator 

at ions for the serial port are fairly straight forward (see 
Figure 2). The enable line is driven high to initiate the 
data transfer. While the enable line is high, the trans­
mitting device should output eight clock pulses along 
with eight bits of synchronous programming data, four 
address bits followed by four data bits. The data is 
shifted internally on the falling edge of the clock pulses. 
To prevent false data from being latched in, only eight 
(8) clock pulses should be provided while the enable 
line is active. The falling edge of the enable input will 
latch the data into the internal registers and initiate the 
selected function. 

Note: it takes two transfers to load a single register. 

D3 D2 D1 DO 

FIGURE 2: Serial Port Timing 

SDEN 

SCLK 

SDATA 

FIGURE 3: Serial Port Timing, Multiple Transfers 
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APPLICATIONS INFORMATION (continued) 

REFERENCE FREQUENCY OUTPUT: 

The 32D4661/4662 provides the reference frequency for the phase-locked loop (PLL) of a data separator. The 
required frequency is programmed using the M and N registers of the 4661/4662. 

3204661: 
The value of the N register is determined by the oscillator that drives the 32D4661 according to the following 
equation: 

N (Fin•256) _ 1 
(72 MHz) 

For this application, using a 12 MHz oscillator (Fin) would yield an N integer value of 42. Although the value of 
N should be fixed according to the equation shown above, there is a tolerance of± 1 integer so N can be set from 
41 to 43. (This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following 
equation and knowing the reference frequency required for each data rate allows for the determination of the M 
register value: 

Fout= (M+ 1) •Fin 
(N+1) 

Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 12 Mbil/s the required reference frequency is 36 MHz 
and using a value of N = 41, yields an M value of 125. At 13 Mbil/s using the N value of 41 would require an M 
value of 135.5to produce an output frequency of 39 MHz. Using M = 135 would give an output frequency of 38.86 
MHz while using an M value of 136the output frequency would be 39.14 MHz. If N is changed to 43 then a value 
of 143 for M would produce the required output frequency of 39 MHz. The required Mand N values for some 
sample data rates are provided in the table that follows. 

TABLE 1: Mand N Register Programming Example 

DR (Mbil/s) Fout M N 

12 Mb/s 36 MHz 125 41 
13 Mb/s 39 MHz 142 43 
14 Mb/s 42 MHz 146 41 

15 Mb/s 45 MHz 164 43 

The N register is at address "111 O" for the MSBs and address "1111" for the LSBs. The table that follows gives 
the required register programming information for the values of N. 

TABLE 2: Frequency Programming Information, N Register 

ADDRESS BITS DATA BITS FUNCTION 

D7 D6 D5 D4 D3 D2 D1 DO 

1 1 1 0 x 0 1 0 N Register MSBs for N = 41 

1 1 1 1 1 0 0 1 N Register LSBs for N = 41 

1 1 1 0 x 0 1 0 N Register MSBs for N = 43 

1 1 1 1 1 0 1 1 N Resgister LSBs for N = 43 
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APPLICATIONS INFORMATION (continued) 

SSI 3204661 /4662 
Time Base Generator 

The M register is at address "11 OO"forthe MSB's and at address "1101 "forthe LSB's. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 

TABLE 3: Frequency Programming Information, M Register 

ADDRESS BITS DATA BITS FUNCTION 

D7 D6 D5 D4 D3 D2 D1 DO 

1 1 0 0 0 1 1 1 M Register = 125, 

1 1 0 1 1 1 0 1 Fout= 36 MHz 

1 1 0 0 1 0 0 0 M Register = 142, 

1 1 0 1 1 1 1 0 Fout= 39 MHz 

1 1 0 0 1 0 0 1 M Register = 146, 

1 1 0 1 0 0 1 0 Fout= 42 MHz 

1 1 0 0 1 0 1 0 M Register = 164, 

1 1 0 1 0 1 0 0 Fout= 45 MHz 

3204662: 
The value of the N register is determined by the oscillator that drives the 32D4662 according to the following 
equation: 

N (Fin•256) _ 1 
(108 MHz) 

For this application, using a 20 MHz oscillator (Fin) would yield an N value of 46.4. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of± 1 integer so N can be set from 45 to 47. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 
value: 

Fout JM+ 1) ·Fin 
(N+1) 

Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 26 Mbit/s the required reference frequency is 78 MHz 
and using a value of N = 47, yields an M value of 186. At 28 Mbit/s using the N value of 49 would require an M 
value of 209 to produce an output frequency of 84MHz. Mand N values for some sample data rates are provided 
in the table that follows. Note: the values for Fout are approximate. 

TABLE 4: Mand N Register Programming Example 

DR (Mbit/s) Fout M N 

26 Mb/s 78 MHz 186 47 

28 Mb/s 84 MHz 192 45 

30 Mb/s 90 MHz 206 45 

32 Mb/s 96MHz 220 45 

4-191 



SSI 3204661/4662 
Time Base Generator 

APPLICATIONS INFORMATION (continued) 

REFERENCE FREQUENCY OUTPUT (3204662) (continued): 

The N register is at address "111 O" for the MSBs and address "1111" for the LSBs. The table that follows gives 
the required register programming information for the values of N. 

TABLE 5: Frequency Programming Information, N Register 

ADDRESS BITS DATA BITS FUNCTION 

07 06 05 04 03 02 01 DO 

1 1 1 0 x 0 1 0 N Register MSBs for N = 47 

1 1 1 1 1 1 1 1 N Re_g)ster LSBs for N = 47 

The M register is at address "1100" for the MSBs and at address "1101" for the LSBs. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 

TABLE 6: Frequency Programming Information, M Register 

ADDRESS BITS DATA BITS FUNCTION 

07 06 05 04 03 02 01 DO 

1 1 0 0 1 0 1 1 M Register= 186, 

1 1 0 1 1 0 1 0 Fout= 78 MHz 

1 1 0 0 1 1 0 0 M Register= 192, 

1 1 0 1 0 0 0 0 Fout= 84 MHz 

1 1 0 0 1 1 0 0 M Register= 206, 

1 1 0 1 1 1 1 0 Fout= 90 MHz 

1 1 0 0 1 1 0 1 M Register= 220, 

1 1 0 1 1 1 0 0 Fout= 96 MHz 

LOOP FILTER FOR THE 320466113204662: 

The 3204661/4662 requires a loop filter to control the PLL locking characteristics. While there are several types 
of filters that can be used to perform this function, a simple integrating filter has proven to be very effective (see 
Figure 4). To select the components for the loop filter, two considerations should be made. First, the acquisition 
time of the loop must be less than the minimum track-to-track seek time and second, the capacitor C1 should be 
low leakage (C1 < 1.0 µF). The acquisition time of the loop is set-up to accommodate a zero phase restart and 
allow for 1% maximum phase error after phase acquisition. This yields a settling time of: t5 = 5/con. 

3204661: 

KVCO = (0.21 )(2it)(F0 ut) rad/s V (typ.), at 72MHz KVCO = 9.5 x 107 

KO= (4.14 E-3)/RR Nrad @RR= 4.75KQ, KO= 8.76 x 10·7 

For a second order system, 

R1 = (2 x ~ x con)/(KVCO x KD) where ~ is the damping factor. 

C1 = (KVCO x KD)/(con2 ) and C1/10 > C2 > C1/20 4_192 
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A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 

If we start with ron = 2 x 104 , C1 can be calculated as 0.21 µF and C2 can be calculated as 0.01 to 0.02 µF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1.0, so R1 is calculated as: 

R1 = (2 x 1.0 x 2E4 )/(9.5E7 x 8.76E-7) = 480 ohms 

These values will produce a loop settling time t5 of 5/2 x 104 = 250 µsecs. 

The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 

3204662: 

KVCO = (0.21}(2it}(F0u1) rad/s V (typ.), at 100MHz KVCO = 13.2 x 107 

KD = (4.14 E-3)/RR Nrad @RR= 4.75KQ, KD = 8.76 x 10·1 

For a second order system, 

R1 = (2 x ~ x ron}/(KVCO x KD) where ~is the damping factor. 

C1 = (KVCO x KD}/(ron2 ) and C1/10 > C2 > C1/20 

A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 

If we start with ron = 2 x 1 o•, C1 can be calculated as 0.21 µF and C2 can be calculated as 0.01 to 0.02 µF. As 
mentioned above, the damping factor at the maximum frequency of 100 MHz should be 1.0, so R1 is calculated as: 

R1 = (2 x 1.0 x 2E4 }/(13.2E7 x 8.76E-7) = 354 ohms 

These values will produce a loop settling time t8 of 5/2 x 104 = 250 µsecs. 

The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 

VCOIN 

I~ 

lJ 
2 Single Rate 

FIGURE 4: Integrating 
Filter for the Phase Locked Loop 

NOTE: For further information on the loop filter, 
consult the Data Synchronizer Family Applica­
tion Notes in Section 4 of the Silicon Systems 
Storage Products data book. 
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FIGURE 5: Typical 3204661/4662 Application 
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PIN DIAGRAM AGND 
(Top View) 

DACM 

VCA 

FOUT 

FOEN 

VCB 

FLTR 

VCD 

FCLK 

DGND 

XL1 

XL2 

ORDERING INFORMATION 

PART DESCRIPTION 

SI 3204661 Time Base Generator 

24-Pin SOL 

24-Pin SSOP 

SI 3204662 Time Base Generator 

24-Pin SOL 

24-Pin SSOP 

\.J 

24 Pin SOUSSOP 

VR2 

VR1 

DACI 

DACF 

DACS 

VR3 

FC1 

FCO 

SDATA 

SCLK 

SDEN 

N/C 
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ORDERING NUMBER PACKAGE MARK 

3204661-CL 3204661-CL 

3204661-CMS 3204661-CMS 

3204662-CL 3204662-CL 

3204662-CMS 3204662-CMS 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
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DESCRIPTION 
The SSI 3204665 Time Base Generator provides a 
programmable reference generator, channel filter con­
trol and data rate control for constant density recording 
applications. It is optimized to operate with the 32D53xx 
series data separators and contains a high perfor­
mance programmable PLL for 1 % reference frequency 
control. A 7-bit DAC is provided to program the IREF 
current which sets the data separator PLL operating 
center frequency. A 7-bit DAC is provided to program 
the hysteresis level in the SSI 32P3000 series pulse 
detectors. Two additional 7-bit DACs are provided for 
programmable electronic filter (slimmer) control. A 
single latched TTL output is provided to control filter 
multiplexers. A serial microprocessor interface reduces 
pin count and provides convenient access to the inter­
nal program storage registers. The 3204665 only 
requires a +5V supply and will be available in 24-pin SO 
packages. 

BLOCK DIAGRAM 

SSI 3204665 
Time Base Generator 

t;f! ''h' "ii mt.1 I; .po t.1" 
December 1991 

FEATURES 

• 
• 
• 
• 

• 

• 
• 
• 
• 
• 
• 
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For constant density recording appllcatlons 

Reference frequency control 

Channel filter control 

Internal DAC avallable to program data 
separator data rate 

Internal DAC available to program pulse 
detector hysteresis (DACP) 

Up to 75 MHz operation 

1 o/o frequency resolution 

No external active components required 

+5V only operation 

Low power mode 

24-pln SOL package 

CAUTION: Use handling procedur• necessary 
for a static sensitive COl'T1JOnent. 
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PIN DESCRIPTION 

INPUT PINS 

NAME DESCRIPTION 

SDATA Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (D7) first. The firstfourbits are the register address and the last four 
are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 
packets. These packets should be loaded sequentially in less than 1 o µs since the 
loading operation will cause output transients. With proper loop filter design, the 
outputtransients will recover within 1 ms. The data packet fields are given in Table 1. 

SCLK Serial Data Clock. Negative edge triggered clock input for the serial data. 

SDEN Serial Data Enable. A high level input enables data loading. The data is latched when 
the input is low. 

PWRON Power On. A high level inpl.Jt enables the chip. A low level puts the chip in a low power 
idle state. 

FOEN Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 

OUTPUT PINS 

FOUT Frequency Output. An ECL output with internal current source. The low voltage swing 
which minimizes data separator jitter must be AC coupled to the data separator XTL 1 
input. FOUT= [(M +1)/(N +1)]FIN where M = M Register number and N must be set 
to approximately [(FIN) (256) / 72 MHz) - 1. 

DACI DAC Output. 7-bit DAC current source output used to program timing currenlfor the 
data separator VCO center frequency. The current magnitude is controlled by the I 
Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 

DACP DAC Output. 7-bit DAC voltage output used to program hysterysis levels to the pulse 
detector. The output voltage is set by tyhe difference between the VRP input voltage 
and the value of (Vee - VR3). The voltage at the output is: 
(Vee - VR3) + (2.0. P/127). (VRP - (Vee - VR3). 

DACF DAC Output. 7-bit DAC current source output used for electronic filter control. The 
output current is set by the F Register number and the current entering the IA pin. 
This can be generated by an external resistor (Rx) between VR3 and IA or an 
external current source. 

DACS DAC Output. 7-bit DAC voltage output used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the S Register number. 

FCO Filter Control 1. TTL output used to control an external filter multiplexer. CO= H sets 
FCO = H. 
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ANALOG PINS 

XTL1, XTL2 

VR1, VR2 

VR3 

FLTR 

DGND, AGND 

VCA, VCB 

VCD 

IR 

VRP 

SSI 3204665 
Time Base Generator 

Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 20 MHz 
crystal. If a crystal is not desired, XTL 1 may be driven by a TIL source with XTL2 left open. 

Current Setting Resistor Connections. An external resistor RR connected between VR1 
and VR2 sets the voltage controlled oscillator center frequency and the DACI currents. 

Reference Voltage Input. An external 2.2V supply sets the referenceforthe DACS voltage. 

PLL Loop Filter Connection. Connection for loop filter components R1, C1 and C2. 

Digital and Analog Ground 

Analog +5V Supplies 

Digital +5V Supply 

Reference Current Input. An external resistor Rx, connected from JR to VR3 reference 
voltage or an external current source sets the reference current for the DACF current. 

Reference Voltage Input. The output level for DACP is set by the difference between 
(Vee - VR3~ and VRP. 

TABLE 1: Data Packet Fields 

ADDRESS BITS USAGE DATA BITS 

D7 D6 D5 D4 D3 D2 D1 DO 

0 1 0 0 P REGISTER x P6 PS P4 
"""--

0 1 0 1 P REGISTER P3 P2 P1 PO 

0 1 1 0 I REGISTER x 16 IS 14 

0 1 1 1 I REGISTER 13 12 11 JO 

1 0 0 0 S REGISTER x S6 SS S4 

1 0 0 1 S REGISTER S3 S2 S1 so 
1 0 1 0 F, C REGISTER co F6 FS F4 

1 0 1 1 F REGISTER F3 F2 F1 FO 

1 1 0 0 M REGISTER M7 M6 MS M4 

1 1 0 1 M REGISTER M3 M2 M1 MO 

1 1 1 0 N REGISTER x N6 NS N4 

1 1 1 1 N REGISTER N1 N2 N1 NO 

X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 

PARAMETER 

Storage Temperature 

Junction Operating Temperature, Tj 

Supply Voltage, VCA, VCB, VCD 

Voltage Applied to Logic Inputs 

Maximum Power Dissipation 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Supply voltage, VCA = VCB = VCD 

Junction Temperature, Tj 
-

Ambient Temperature, Ta 

ELECTRICAL CHARACTERISTICS 

RATING 

-65 to +150 

+150 

-0.5 to 7 

-0.5 to 5.5 

540 

RATING 

4.65 to 5.25 

O<Tj<135 

O<Ta<70 

Unless otherwise specified: recommended operating conditions apply. 

PARAMETER CONDITIONS MIN 

VIH High Level Input Voltage 2.0 
.. 

VIL Low Level Input Voltage 

llH High Level Input Current VIH = 2.7V 

Ill Low Level Input Current VIL= 0.4V 

VOH High Level Output Voltage IOH = -400 µA 2.4 

VOL Low Level Output Voltage IOL = 2 mA 

VOH FOUT ECL High Level VCD = 5V, VOH-VCD -1.02 

VOL FOUT ECL Low Level VCD = 5V, VOL-VCD 

ICC Power Supply Current PWRON = 2.0V 

PWRON = 0.8V 

10 FOUT Output Current 

VO FOUT Output Swing 0.6 
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UNITS 

oc 
oc 
v 
v 

mW 

UNITS 

v 
oc 
oc 

NOM MAX UNIT 

v 
0.8 v 
20 µA 

-1.5 mA 

v 
0.5 v 

v 
-1.45 v 

77 103 mA 

25 mA 

±4 mA 

v 
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INPUT/OUTPUT CHARACTERISTICS 

PARAMETER CONDITIONS 

FIN FIN Frequency 
-----~--·---------·----

FO FOUT Frequency 

JFO FOUT Jitter TO= 1/FO; FCLK active 

DFO FOUT Duty Cycle 50% Amplitude 
FOUT=72 MHz 

M M Divide Number 

N,F N, F Divide Number 
-···-----·-----~------··--

p P Register Number 
~-·----

I I Register Number 
·--· 

RR External Resistor 

TVCO VCO Center Frequency T0=(6.17 E-10)(RR/M)+2.4 ns 
Period VCC = 5V, RR= 4.75 kQ 

FLTR = 2.7V 
FIN= 20 MHZ, M = 100 

VCO Frequency Dynamic 1V < FLTR < VCC -0.5V, 
Range VCC = 5V, FOUT= 31.5 MHz 

KVCO VCO Control Gain wi = 2it/TVCO 

KO Phase Detector KO= (4.16 E- 3)/RR 

IOI DACI Current 10 = (7.41 E-2)1/RR 
VCC = 5V, TA= 25°C, 
RR= 4.75 kQ 

IOF DACF Current IOF = F • 4/128 •IR 
VCC = 5V, Rx= 2.74 kQ 

Where IR= VR3/(4 • R) or an 
external current source 

VOP DACP Voltage VOP = 2.0 • P • (VRP-

SSI 3204665 
Time Base Generator 

MIN NOM MAX UNITS 

8 20 MHz 

72 MHz 

±400 ps(pk) 

42 58 % 

80 255 -

25 127 -
10 127 -
30 127 -

4.50 5.25 kQ 

0.77TO TVCO 1.23TO ns 

±25 ±45 O/o 

0.14wi 0.26ooi rad/s V 

KO Nrad 

0.9510 1.0510 A 
-3/4LSB +3/4LSB 

0.9710F 1.0310F v 
-3/4LSB +3/4LSB 

0.97VOP 1.04VOP A 
(Vcc-VR3))/128 fl-(Vcc-VR3 +(Vcc-VR3) 
VCC = 5V, VR3 = 2.2V, -3/4LSB +3/4LSB 
VRP = 3.6V -25mV +25mV 

VOS DACS Voltage VOS= S • VR3/128 0.97VOS 1.03VOS v 
VCC = 5V -3/4LSB +3/4LSB 

+15 mv +60 mV 

VR3 DAC Reference 2.0 2.4 v 
IVR3 VR3 Input Current VR3 = 2.2V 1.0 mA 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Rx 2.5 3.0 kQ 

VRP DAC P Reference (Vee- Vcc-1.0 v 
VR3) 
+0.2 

IVRP VRP Input Current 2.0V s; VRP s; Vee 20 µA 

I DAC Current Tolerance RR= 4.75 kQ .81 10 1.1710 A 
0°C <Ta< 70°C 
4.75V <Vee< 5.25V 

----1 
I, F, Differential Linearity 0°c <Ta< 70°C -1LSB -
P,S (Monotonicity) 4.75V <Vee< 5.25V 

VODL DACI, DACF Output 2 v 
Voltage 

VOSL DACS Output Voltage 0.1 2.4 v 
VOPL DACP Output Voltage Vcc-VR3 Vcc-0.9 v 
ROUT DACF, DACS Output 3.7 kQ 

Resistance 

SCLK Data Clock Period, TC 100 ns 
--·--

TDD Data Set Up/Hold Time 25 ns 

TOE Data Enable Delay Time Delay from data clock -TC TC/4 ns 
rising edge 

ROUTP DACP Output Resistance 50 200 Q 

Serial Byte Format 

SDEN 

scLK _fl_Jl_fl_Jl_fl_Jl_fLfl_ 
SDATA I 7 I 6 I ~~LQ_2_Li I 0 

~-~-

--------TC--------i 
SCLK J 

SDEN ~TOE}---------------- -------------=-TC-(m-in-)=======::v----~ 
FIGURE 1: Serial Port Timing 

4-202 1291 



1291 

APPLICATIONS INFORMATION 

REFERENCE FREQUENCY OUTPUT: 

SSI 3204665 
Time Base Generator 

The 32D4665 provides the reference frequency for the phase-locked loop (PLL) of a data separator. The required 
frequency is programmed using the M and N registers of the 4661. The value of the N register is determined by 
the oscillator that drives the 32D4665 according to the following equation: 

N= (Fin•256) _ 1 
(72 MHz) 

For this application, using a 12 MHz oscillator (Fin) would yield an N value of 41.7. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of± 1 integer so N can be set from 41 to 43. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 

value: 
Fout= (M+ 1) •Fin 

(N+1) 

Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 1.5x reference clock), at 24 Mbit/s the required reference frequency is 36 MHz 
and using a value of N = 41, yields an M value of 125. At 30 Mbit/s using the N value of 41 would require an M 
value of 156.5 to produce an output frequency of 45 MHz. Using M = 156 would give an output frequency of 44.86 
MHz while using an M value of 157 the output frequency would be 45.14 MHz. If N is changed to 43 then a value 
of 146 for M would produce the required output frequency of 45 MHz. The required M and N values for some 
sample data rates are provided in the table that follows. 

TABLE 2: Mand N Register Programming Example 

DR (Mbit/s) Fout M N 

24 Mbit/s 36 MHz 125 41 

30 Mbit/s 45 MHz 164 43 

36 Mbit/s 54MHz 188 41 

40 Mbit/s 60 MHz 209 41 

The N register is at address "111 O" for the MSBs and address "1111" for the LSBs. The table that follows gives 
the required register programming information for the values of N. 

TABLE 3: Frequency Programming Information, N Register 

ADDRESS BITS DATA BITS FUNCTION 

D7 D6 D5 D4 D3 D2 D1 DO 

1 1 1 0 x 0 1 0 N Register MSBs for N = 41 

1 1 1 1 1 0 0 1 N Register LSBs for N = 41 

1 1 1 0 x 0 1 0 N Register MSBs for N = 43 

1 1 1 1 1 0 1 1 N Register LSBs for N = 43 

The M register is at address "11 OO"forthe MSBs and at address "1101 "forthe LSBs. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 
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APPLICATIONS INFORMATION (continued) 

TABLE 4: Frequency Programming Information, M Register 

ADDRESS BITS DATA BITS FUNCTION 

D7 D6 D5 04 03 02 01 DO 

1 1 0 0 0 1 1 1 M Register= 125, 

1 1 0 1 1 1 0 1 Fout= 36 MHz 

1 1 0 0 1 0 1 0 M Register= 164, 

1 1 0 1 0 1 0 0 Fout= 45 MHz 

1 1 0 0 1 0 1 1 M Register = 188, 

1 1 0 1 1 1 0 0 Fout= 54 MHz 

1 1 0 0 1 1 0 1 M Register= 209, 

1 1 0 1 0 0 0 1 Fout= 60 MHz 

Loop Filter for the SSI 3204665 

The SSI 3204665 requires a loop filter to control the PLL locking characteristics. While there are several types 
of filters that can be used to perform this function, a simple integrating filter has proven to be very effective (see 
Figure 2). To select the components for the loop filter, two considerations should be made. First, the acquisition 
time of the loop must be less than the minimum track-to-track seek time and second, the capacitor C1 should be 
low leakage (C1 < 1.0 µF). The acquisition time of the loop is set-up to accommodate a zero phase restart and 
allow for 1% maximum phase error after phase acquisition. This yields a settling time of: ts= 5/ron-

From the data sheet, 

KVCO = (0.21)(27t)(F0utl rad/s V (typ.), at 72 MHz KVCO = 9.5 x 107 

KD = (4.14 E-3)/RR A/rad @ RR= 4.75 kn, KO= 8.76 x 10-7 

For a second order system, 

R1 = (2 x ~ x ron)/(KVCO x KD) where ~ is the damping factor. 

C1 = (KVCO x KD)/(ron2 ) and C1/10 > C2 > C1/20 

A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 

If we start with ron = 2 x 104 , C1 can be calculated as 0.21 µF and C2 can be calculated as 0.01 to 0.02 µF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1.0, so R1 is calculated 
as: 

R1 = (2 x 1.0 x 2E4 )/(9.5E7 x 8.76E-7) = 480 Q 

These values will produce a loop settling time ts of 5/2 x 104 = 250 µsecs. 

The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 
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REFERENCE OSCILLATOR 

Data Synchronizer Family 
Application Notes 

December 1991 

An internal reference oscillator generates the standby reference for the PLL. A series resonant crystal should be 
used between XT AL 1 and XT AL2. If a crystal oscillator is not desired, then an external AC coupled ECL source 
may be applied to XTAL 1, leaving XTAL2 open. A TTL compatible reference may also be used if suitably 
attenuated. 

If it is desired to operate a crystal at a non-fundamental or harmonic frequency, then the following network is 
suggested: 

XTAL1 XTAL2 

~-~ 
~1µF 

CYL 

co =2TIF = - 1-
o 0 - .r;-;::: 

vLC 

0 0 = co 0 CRin 

The typical input impedance looking into XT AL 1 is approximately Rin = 250n. It is recommended to design the 
value of Qo at approximately 10 to 15. Therefore, a resonant frequency of Fo = 20 MHz would result in L = 0.16 µH 
and C = 380 pF. 

ATTENUATOR CIRCUIT 

If a crystal oscillator is not desired, then an external TTL Compatible reference may be applied to XTAL 1 leaving 
XTAL2 open. It is required, however that the TTL signal be attenuated then A.C. coupled into XTAL 1 using the 
following network: 

0.1 µF 

Vin (p-p) TTL CLOCK INPUT ~------< r---c XTAL 1 = 1.0V - 2.0 Vpp 

R2 1.5 
V1N (p-p) 

The signal amplitude into XTAL 1 should be attenuated to approximately 1.0 to 2.0 Vp-p; this will insure that the 
transients associated with TTL switching characteristics won't couple into the data synchronizer and degrade 
performance. 
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Data Synchronizer Family 
Application Notes 

LOOP FILTER 

The performance of the data synchronizer is directly related to the selection of the loop filter. The loop filter 
characteristics should be optimized for: 

(A) Fast Acquisition 

The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched 
between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop 
bandwidth so that it can quickly respond to changes at the input. 

(B) Data Margin 

The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse 
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause 
the subsequent bit to be poorly centered within its window and possibly cause an error. This requirement 
implies a small loop bandwidth reducing the sensitivity to high frequency jitter. 

(C) Data Tracking 

The ability to respond to instantaneous changes in phase and frequency of the data. This can be a result 
of such phenomena as disk rotational speed variations which cause changes in the characteristics of the 
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this 
depends upon the application. 

Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the 
architecture of the Silicon Systems data synchbronizer family significantly simplifies the design by minimizing the 
"step in phase" and "step in frequency" encountered when switching the Phase Detector input reference signal. 
A zero phase restart technique is employed to minimize the initial phase error while the standby reference oscillator 
keeps the VCO at the center frequency during non-read modes. 

One approach in determining the initial loop filter selection is to consider the requirements imposed during 
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the 
preamble field prior to decoding data. The format of the sector will dictate which of these two criteria imposes the 
tightest restriction on acquisition. 

The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the 
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the 
requirements during acquisition to the preamble field. The length (in time) of the preamble field is set by the data 
synchronizer's locking sequence. Knowing this length in time, and that our initial phase error is less than 0.5 
radians, we can determine an acceptable loop bandwidth (ron) and damping factor(~). 
One possible loop filter configuration is as follows: 

lin 
~ 

0 0 

~ :1 I C2 

I 
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The role of C1 is as an integrating element. The larger this capacitance, the longer the acquisition time; the smaller 
the capacitance, the greaterthe ability to track high frequency jitter. The resistor R reduces the phase shift induced 
by C1. The capacitor C2 will suppress high frequency transients and will have minimal effect on the loop response 
if it is small relative to C1 (typically C2 = C1/10) 

The loop filter transfer function is: 

F (s) Vout 1 +sRC1 
lin sC, ( 1 +sC 2 R +C2 IC,) 

If C2 « C1, then: 
F(s)= Vout = 1 +sRC1 

lin sC 1 

The overall block diagram for the phaselock loop can be described as: 

. + ~ lr=1 I KVCOI 
a1n(s) ~©~~~~~ _ 5 _ T 9 out (s) 

Where: 

t 0t----~-

KD = Phase Detector gain (Nrad] 

F(s) =Loop filter impedance (V/A] 

KVCO/s = VCO control gain [rad/s VJ 

N = The ratio of the reference input frequency to the VCO output frequency 

The closed loop transfer function is: 
T(s)=eout(s) G(s) KD•KVC0[(1+sRC1)/Cd 

ein(s) 1+GH(s) s2 + s(N•KD•KVCO•R]+ N•KD•KVCO 

by putting the characteristic equation (denominator) in the form of: 2 
2 

s +2ssron+ron 

we can solve for con and s to get: 
2 N•KD•KVCO ron = __ C_1 __ s = N • KD • KVCO • R 

2ron 

Now we can solve for R, C1 and C2: 

c1 = N•KD•KVCO 
2 

ron 

2sron 
R=----­

N •KD•KVCO 

where: ron =loop bandwidth and, s =loop damping factor 
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Data Synchronizer Family 
Application Notes 

Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data 
pulse. This technique allows the VCOto run at a center frequency with period, TVCO, equal to one encoded data 
bit cell time. 

Figure 1 represents the relationship between the VCO output when locked to various Phase Detector input signals. 

VCOOUTPUT 

REFERENCE OSCILLATOR 
INPUT 

'3T' INPUT 

'4T' INPUT 

--j TVCO I--

'ST' INPUT __n ___________________ IL_ 

FIGURE 1: Relationship of VCO Output to Phase Detector Input 

The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. When the PLL 
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum. 
When the PLL is tracking data and the input is an "ST" pattern, then the Phase Detector gain is at its minimum. 
The following indicates the value of "N" for various input conditions: 

N = 1.0 for 6in = reference oscillator 

N = 0.33 for 6in = 3T (100) preamble field 

N = 0.25 for 6in = 4T (1000) 

N = 0.125 for 6in =ST 

Throughout this analysis the PLL has been considered as a continuous time system. In actuality the characteristics 
of the Phase Detector result in a sampled data system. By utilizing an integrating loop filter to average and smooth 
the Phase Detector charge pump output pulses, this analogy should be reasonable. 

Determining an acceptable amount of phase error after locking to the preamble field depends upon the system 
requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where 
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that 
amount which when added to all other timing error contributors, results in the data being within its timing window 
by the required margin. 

In general, it is desirable to have the loop damping factor"~" between 0.5 and 1.0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. 
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Figure 2 represents the phase error's response in time to a transient step in phase as a function of the loop 
bandwidth and damping factor. Figure 3 indicates the response of the VCO control voltage to compensate for this 
step in phase. 
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DATA RECOVERY APPLICATIONS 

DETERMINING LOOP FILTER COMPONENTS 

What follows is a method to calculate loop filter components based on the acceptable phase error when the VCO 
switches from the reference frequency to read data. 

To determine the maximum time the VCO has to lock from the reference frequency to read data, the equation is: 
Tmax = Ln • 'xT'/(DR•M) 

DR is the data rate and Tmax is the amount of time the Phase Lock Loop (PLL) has to settle to within an acceptable 
amount of error before tracking and decoding data. Ln, 'xT' and M are variables that are device dependent and 
are defined tin Table 'A'. It is important to note it follows from the above equation that the locking time from the 
reference frequency (crystal oscillator) to read data is fixed and is not dependent on the length of the preamble 
field. Although, any additional preamble field will allow more time for the PLL to settle out before starting to decode 
data. 

Table A 

DEVICE MODE PREAMBLE ('xT') Ln M 

5321 HS 4 32 2.0 

5321 SS 3 38 2.0 

5322 HS 4 32 2.0 

5322 SS 3 38 2.0 

535X HS 4 32 2.0 

535X SS 3 38 2.0 

5362A -- 3 16 1.5 

537X -- 3 16 1.5 

539X -- 3 16 1.5 

DEVICE: An 'X' implies a family of devices, for instance 537X includes the 5371, 5372, 5373 and 5374 

MODE: This is 'SS' for soft sector and 'HS' for hard sector application.·--· implies that there is no difference between 
hard sector or soft sector applications. 

PREAMBLE ('xT'): Depending on the mode, the preamble could be a '3T' (xT = 3) or '4T' (xT = 4). 

Ln: This is the number of read data transitions that the device counts within the preamble to allow for VCO lock. 
The transitions are assumed to be part of a uniform preamble field. 

M: This factor times the Data Rate determines the frequency of read data. It is also the code rate. For instance, 
for the 537X, if the data rate is 20Mbit/s then the read data frequency would be 20 • M = 20 • 1.5 = 30 Mbit/s. 

Example; 

Assuming a SSI 32D5372 running at a data rate of 20Mbit/s, 

tmax = 16 • 3/(20E6 • 1.5) = 1.6 µs 

Therefore, the PLL has 1.6 µs to settle within an acceptable amount of error before tracking and decoding data. 

To determine the components of the loop filter, the next step is to calculate the typical phase detector gain (Kd) 
and VCO control gain (KVCO) of the specific data synchronizer device. 
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In Table B is the typical Kd and KVCO equations of the current data synchronizer family, check the latest product 
data sheet to ensure that the equations have not changed during the product characterization cycle. 

Table B 

DEVICE Kd (µA/rad) 

5321 309/(RR + 0.53) 

5322 309/(RR + 0.53) 

535 309/(RR + 0.53) 

5351/1A 340/(RR + 0.90) 

5362A 570/(RR + 0.53) 

5371/2 660/(RR + 0.53)* 

5373/4 660/(RR + 0.53)* 

539 750/(RR + 0.42)* 

Where: To: is the VCO Center frequency period 
RR: is the reference resistor connected to the IR pin 
KD: is normalized for a 1 F read data pattern 

KVCO 

0.19 • 2 • 7t/To 

0.17 • 2 • 7t/To 

0.17. 2. 7t/To 

0.17 • 2 • 7t/To 

0.20 • 2 • 7t/(2To)** 

0.20 • 2 • 7t/(2To)** 

0.20 • 2 • 7t/{2To) 

0.20 • 2 • 7t/To 

*Note: This device switches the phase detector gain between read and non-read modes to optimize locking 
between the reference frequency and read data (and back again.) The equation give in the table is for read mode. 

**Note: The VCO frequency in this device is divided by two before entering the phase detector. The additional '2' 
in the denominator normalizes KVCO for the following loop filter equations. 

In general, it is desirable to have the loop damping factor "C" between 0.5 and 1.0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. 

To determine the bandwidth con, one must decide what the acceptable phase error will be when the PLL switches 
from the reference frequency to read data after the locking time, Tmax, is complete. As shown in figure 2, with 
C = 0.7, choosing conT = 2.3 the phase error will be at most 22% of the initial phase error, 7.5% at conT = 4.0, etc. 
The bandwidth is then con = (con T)/Tmax; where Tmax is the settling time of the PLL calculated above. 

We now have enough information to calculate the loop filter components: 

C1 = N • Kd • KVCO/(con)2 R = 2 • "C" • conf(N • KD • KVCO) C2 = C1/10 

where: 
Kd = Phase Detector gain (µA/rad) 
KVCO = VCO control gain (rad/s V) 
N =The ratio of the reference input frequency to the VCO output frequency. 
(For a '3T' preamble 
N = 0.33, '4T' preamble N = 0.25) 
con = Acceptable loop bandwidth 
"C" = Acceptable loop damping factor 

Example: 

SSI 32D5362A running at 15 Mbit/s. 

From Table A 
xT = 3; Ln = 16; M = 1.5 

Tmax = Ln • 'xT'/(DR • M) = 16 • 3/(15E6 • 1.5) = 2.1 µs 
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For this example, we want the acceptable phase error when the VCO is switched from the reference frequency 
to read data to be less than 15%of the initial phase error. This results, from figure 2 and"~"= 0.7, in a wn(Tmax) 
between 3 and 4. To simplify the results let 00n(Tmax) = 3.2. Since the data synchronizer family employs a zero 
phase restart technique to reduce the initial phase error (a design goal of± one rad is typical for the family.) The 
initial phase error has been characterized to be typically ans for the SSI 32D5362A. Thus the acceptable phase 
error will be 0.15 • 6 = 0.9 ns when the VCO is switched. 

ron(Tmax) = 3.2 ron = 3.2/2.1 E-6 = 1.5 Mrad/s 

RR = 92.6/DR-2.3 = 92.6115 - 2.3 = 3.87k 

From Table B 
KD = 570/(RR + 0.53) = 130 µNrad 
KVCO = 0.2 • 2 • 7t/(2To) = 0.2 • 2 • x/(2 • 22.2E-9) = 28.3 Mrad/sV 

C1 = N • KVCO • KD/(0>n)2 = 0.33 • 28.3 • 130/1.5E62 = 540pF 

C2 = 540pF/10 = 54pF 
R = 2 • "~" • ronf(N • KD • KVCO) = 2 • 0.7 • 1.5E6/(0.33 • 130 • 28.3) = 1729 

LAYOUT CONSIDERATIONS 

As with other high frequency analog devices the SSI 32D5321/22 requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 
with supply bypassing to separate the SSI 32D5321 /22, and associated circuitry, from other circuits on the PCB. 

3205321 

DATA RATE DAMPING LOCK TIME BANDWIDTH EXTERNAL COMPONENT VALUES 
(MbiUs) FACTOR,~ ron t ro (rad) 

C 1 (pF) C2(pF) tmax (µs) n sec RR(kn) Cd(pF) Rd(kn) R(kn) 

7.5 0.7 7.5 5.0 6.67 x 105 4.92 100 11.0 3.1 680 68 

10.0 0.7 5.7 5.7 1.0x 106 3.57 82 10.0 2.7 510 51 

3205322 

DATA RATE DAMPING LOCK TIME BANDWIDTH EXTERNAL COMPONENT VALUES 
(MbiUs) FACTOR,~ ront ro (rad) 

C 1 (pF) C2(pF) tmax (µs) n 5eC RR(kn) Cd(pF) Rd(k.Q) R(k.O) 

7.5 0.7 7.5 5.0 6.67 x 105 4.64 100 13.0 2.94 710 71 

10.0 0.7 5.7 5.7 1.0x 106 3.19 100 10.0 2.37 590 59 

15.0 0.7 3.8 5.7 1.5x 106 1.72 100 6.49 1.43 654 65 
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These loop filter configurations and component values should be considered a starting point. The final value of 
ron depends upon the system requirements and can certainly be optimized for a specific application. In the table 
below, we have listed some suggested external component values for several common data rates. 

320535 

DATA RATE DAMPING LOCK TIME 
BANDWIDTH EXTERNAL COMPONENT VALUES 

(Mbit/s) FACTOR,~ 
tmax (µs) 

ront ro (rad) 
RR(kO) Cd(pF) Rd(kO) R(kn) C 1 (pF) C2 (pF) n sec 

7.5 0.7 7.5 5.0 6.67 x 105 4.92 100 11.0 3.0 687 69 

10.0 0.7 5.7 5.7 1.0x 106 3.57 82 10.0 2.7 510 51 

3205351 

DATARATE DAMPING LOCK TIME 
BANDWIDTH EXTERNAL COMPONENT VALUES 

(Mbit/s) FACTOR,~ ront 00 (rad) 
C1 (pF) C2 (pF) !max (µs) n sec RR(kO) Cd(pF) Rd(kn) R(kn) 

10.0 0.7 5.7 5.7 1.0 x 10 6 5.85 100 10.0 3.94 356 36 

15.0 0.7 3.8 5.7 1.5x106 3.32 100 6.49 2.46 379 38 
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These loop filter configurations and component values should be considered a starting point. The final value of 
mn depends on the system requirements and can certainly be optimized for a specific application. In the following 
table we have listed some suggested external component values for two common data rates: 

3205362A 

DATA RATE DAMPING LOCK TIME BANDWIDTH EXTERNAL COMPONENT VALUES 

(MbiVs) FACTOR,~ tmax (µs) ront 
(I) cad) n sec RR(kil) R(O) C1(PF) C2(PF) 

10 0.7 3.2 3.2 1.0 x 10 6 6.96 2957 470 47 

15 0.7 2.1 3.2 1.5x 106 3.87 1729 540 54 

The following is a list of recommended component values based on the above calculations. It is important to note 
that these values should be considered a starting point in designing a loop filter for a specific drive application, 
the optimal bandwidth and requirements for re-locking back to the reference frequency after read mode has been 
terminated have not been considered. 

3205371/5372 

DATA RATE DAMPING LOCK TIME BANDWIDTH KO KVCO EXTERNAL COMPONENT VALUES 

(MbiVs) FACTOR,~ 
ront ro (rad) (~) (~) C1 (pF) C2(pF) tmax (µs) n sec RR( kn) R(kO) 

10 0.7 3.2 3.2 1.0 x 106 81.18 18.85 7.6 2.8 500 50 

17 0.7 1.9 3.2 1.7x106 152.4 32.04 3.8 1.5 550 55 

24 0.7 1.3 3.2 2.5 x 106 241.8 45.24 2.2 1.0 570 57 

3205373/5374 

DATA RATE DAMPING LOCK TIME BANDWIDTH KO KVCO EXTERNAL COMPONENT VALUES 

(MbiVs) FACTOR.~ 
OOnt 00 (rad) (~) (~) C 1 (pF) C2 (pF) tmax (µs) n sec RR(kn) R(kn) 

15 0.7 2.1 3.2 1.5x106 81.18 28.27 7.6 1.85 330 33 

23 0.7 1.4 3.2 2.3x106 133.9 43.35 4.4 1.62 360 36 

32 0.7 1.0 3.6 3.6 x 106 479.0 60.32 2.6 0.53 735 75 

320539 

DATARATE DAMPING LOCK TIME BANDWIDTH KO KVCO EXTERNAL COMPONENT VALUES 

(MbiVs) FACTOR,~ ront ro (rad) (~) (~) C 1 (pF) C2(pF) tmax (µs) n sec RR( kn) R(kn) 

24 0.7 1.30 3.2 2.5x106 105.3 45.24 6.7 3.0 250 25 

36 0.7 0.89 3.2 3.6 x 106 196.3 67.86 3.4 1.1 340 33 

48 0.7 0.67 3.2 4.8x10 6 297.6 90.48 2.1 0.75 385 38 
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LAVOUT CONSIDERATIONS 

As with other high frequency devices the data synchronizer family requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 
with supply bypassing, to separate the data synchronizer device and associated circuitry from other circuits on 
the PCB. It is also recommended that an inductor (N0.3µH) be placed in series with the analog supply which 
supports the VCO circuitry on the higher data rate (1,7) RLL products. This is generally VPA1, but check the 
application diagram in the specific product data sheet for more information. This additional filtering has been 
shown to be effective in reducing VCO jitter, which can degrade window margin performance. 

TEST POINTS 

The SSI 32D5362A, 5371/5372/5373/5374, 539 provide three (3) test points which can be utilized to evaluate 
window margin characteristics. 

(a) ORD, delayed read data - the positive edges represent the data bit position 
(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 1,7 

decoder 
(c) VCO CLK, the VCO clock output which represents the output of the VCO 

The following figure describes the relationship between the various test points: 

VCOCLK 

VCOREF 

FIGURE 6: Test Point Relationships 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

1291 - rev. 4-219 ©1990 Silicon Systems, Inc. 
Protected by Patent No. (4,803,445) 
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DESCRIPTION 
The SSI 32P548 is a low power, high performance 
Pulse Detection, Data Synchronization combination 
device. This device is designed for use in low power 
applications requiring +5V only power supplies. The 
pulse detection portion of this device detects and 
validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position signals used for 
read head positioning. The data synchronization portion 
is a 2, 7 data synchronizer with window shift and write 
pre-compensation capability. The SSI 32P548 achieves 
low system operating power three ways, with a low 
operating power (+5V only design) and with two 
independent power down modes. Mode 1 is a complete 
shutdown or sleep mode. Mode 2 is a low power mode 
for use while acquiring servo, where all circuitry not 
associated with obtaining servo information is powered 
down. The SSI 32P548 is available in a 52-pinfine pitch 
QFP, and 68-pin PLCC. 

SSI 32P548 
Pulse Detector & 

Data Synchronizer 

Ir' Nd ng m t.1;; ·k" t.1 '' 
July, 1990 

FEATURES 

• Highly Integrated Pulse Detector and 
Data Synchronizer 

• +5V only Power Supplies 

• Low Power <750 mW {max) 

• Dual Power Down Modes 

• Dual Servo Burst Channels with Position Error 
Signal 

• Low Pulse Pairing (::> ±1 ns) 

• 5-12 Mbit/s operation 

BLOCK DIAGRAM 

0790- rev. 5-1 

CAUTION: Use handling procedures necessary 
for a static sensitive co~onent. 
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SSI 32P548 
Pulse Detector & 
Data Synchronizer 

CIRCUIT OPERATION 

PULSE DETECTOR SECTION 

READ MODE 

In read mode the SSI 32P548 is used to process either 
data or servo signals. In the Data Read Mode the input 
signal is amplified and qualified using an AGC amplifier 
and pulse level qualification of the detected signal 
peaks. In the servo read mode the input signal is 
amplified and rectified. Two servo burst channels are 
available that provide A and B burst levels. 

DATA READ MODE 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 

The SSI 32P548 contains a dual rate attack charge 
pump. The value of the attack current is dependent on 
the instantaneous level at DIN±. For signal levels 
above 125% of the desired level a fast attack mode is 
invoked that supplies a 1.3 mA charge current to the 
network on the BYP pin. Between 125% and 1 00% of 
the desired level the circuit enters a slow attack mode 
and supplies 0.18 mA of charge current to the BYP pin. 

Two decay modes are available and are automatically 
controlled within the device. 

Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 
switched back to read mode the AGC holds the gain 
and stays in a low impedance state for 0.9 µs. It then 
switches into a fasVslow attack mode if the new gain 
required is less than the previously held gain or a fast 
decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on 0.9 µs. After the 0.9 µs time period the device 
stays in a steady state slow attack, slow decay mode. 
The slow decay discharge current is 4.5 µA. 

The AGC pin is internally biased so that the target 
differential voltage input at DIN± is 1.0 Vp-p under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
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v 

Rint Rext 

VAGC = (5-V) Rini +V 
Rint+ Rext 

5V 

v 

FIGURE 1: AGC Voltage 

voltage level is shown in Figure 1 ; where: 

V = Voltage at AGC w/pin open (2.3V, nom) 

Rini = AGC pin input impedance (2.5 kn, typ) 

Rex! = External resistor 

The new DIN± input target level is nominally 0.45 Vp-p/ 
VAGC. 

The maximum AGC amplifier output swing is 3.0 Vp-p 
at OUT±, which allows for up to 6dB loss in any external 
filter between OUT± and DIN±. 

AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 

Gain VIV 

80 

40 

/Slope = 120/V nominal 

2.45 
VBYP(Volrs) 

FIGURE 2: AGC Gain 

The AGC amplifier has an open collector output and 
can sink 4.0 mA. For correct operation to the gain 
range the outputs should be pulled up to VPA through 
a 340Q resistor as shown in Figure 3. 

5V 

340Q 

OUT+ 

OUT· 

~ ~ 
DIN-/CIN- DIN+/CIN+ 

FIGURE 3: AGC Filter 
0790- rev. 



In the 52-pin package configuration CIN+ and DIN+ will 
be bonded together, likewise CIN- and DIN- will be 
bonded together. In this situation one filter must be 
used for both time and amplitude channels. A multipole 
Bessel filter is typically used for its linear phase or 
constant group delay characteristics. 

In the amplitude channel the signal is sent to a hyster­
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be fixed level or a fraction 
of the DIN± voltage level. 

The latter approach is accomplished by using an exter­
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1.0 p-p at DIN± results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
if DIN± is 1.0 Vp-p, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result in a nominal±0.18Vthreshold or a36% threshold 
of a±0.500V DIN± input. The capacitor is chosen to set 
an appropriate time constant. This ''feed forward" tech­
nique speeds up transient recovery by allowing quali­
fication of the input pulses while the AGC is still settling. 
This helps in the two critical areas of write to read and 
head change recovery. Some care in the selection of 
the hysteresis level time constant must be exercised so 
as to not miss pattern (resolution) induced lower am­
plitude signals. The output of the hysteresis comparator 
is the "D" input of a D-type flip-flop. The DOUT pin is a 
comparator output signal for testing purposes only. 

In the time channel the signal is differentiated to trans­
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one­
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 

The differentiatorfunction is accomplished by an exter­
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: _20oocs 

Av 
LCs2 +C(R+92)s+1 

where: C, L, R are external passive components 
20 pF < C < 150 pF 
S=jro = j27tf 
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SSI 32P548 
Pulse Detector & 

Data Synchronizer 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ­
ous threshold exceeding peak. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 

SERVO READ MODE 

A position error signal (PES) is generated based on the 
relative amplitude of two servo signals, BURST A and 
BURST B. 

Rectified servo signal peaks are captured on hold 
capacitors at the HOLD NB pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe­
riod. Additionally, a hold capacitor discharge current of 
up to 1.5 mA can be turned on by pulling RST NRSTB 
low. 

Outputs BURSTNB and PES are referenced to an 
internal reference supplied by the VREF pin. 

WRITE MODE 

In Write Mode the SSI 32P548 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P548 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 µs before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 
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SSI 32P548 
Pulse Detector & 
Data Synchronizer 

DATA SYNCHRONIZER SECTION 

The SSI 32P548 is designed to perform data synchro­
nization and write precompensation in rotating mem­
ory systems which utilize a 2, 7 RLL and MFM encoding 
format. In the Read Mode the SSI 32P548 performs 
Data Synchronization, and Preamble Detect. In the 
Write Mode, the SSI 32P548 performs write precom­
pensation. The interface electronics and architecture 
of the SSI 32P548 have been optimized for use as a 
companion device to the WD 42C22 controllers. 

The SSI 32P548 can operate with data rates ranging 
from 5 to 12 Mbit/s. This data rate is established by a 
single 1% external resistor, RR, connected from pin 
IREF to VPA2. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 

RR= 50/DR-1.7 (kQ) 

Where: DR = Data Rate in Mbi!/s 

An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XTAL 1 
and XTAL2 should be selected at twice the Data Rate. 
If a crystal oscillator is not desired, then an external TTL 
compatible reference may be applied to XT AL 1, leav­
ing XTAL2 open. 

The SSI 32P548 employs a Dual Mode Phase Detec­
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDLYD DATA pulse. In the Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously 
enabled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DL YD DAT A is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 1. 
RG is an asynchrouous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 
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READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develp the decode win­
dow. Read Gate, RG, initiates the PLL locking se­
quence and selects the PLL reference input; a high 
level (Read Mode) selects the Read Data input and low 
level selects the crystal reference oscillator. 

In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DL YD DAT A is a 1 /4 cell wide 
(TVC0/2) pulse whose leading edge is defined by the 
leading edge of Read Data. RRC is generated from the 
rising edges of the VCO clock. By utilizing a fully 
integrated symmetrical VCO running at twice the data 
rate, RRC is insured to be accurate and centered 
symmetrically about the falling edges of DL YD DAT A. 
The accuracy of the 1/4 cell delay only affects the 
retrace angle of ·the phase detector and does not 
influence the accuracy of RRC. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DL YD DAT A pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra­
tion, window margin testing, error recovery, and sys­
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a µP port (WSL, WSD, WSO, WS1) as 
described in Table 2. In application not utilizing this 
feature, WSL should be left open or connected to 
VPA2, while WSD, WSO, and WS1 can be left open. 

Window shifts in the range of ±1.5% to ±7.5% ofTORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA=0.125TORc(1 790+R ) 
1450+R 

Where: R is in Q 

Pins RF and RS are intended to be used as a trim and 
should be restricted to ±1.5% window shifts. They can 
be used in conjunction with the digital control port. 
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In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When RG transi­
tions, the VCO is stopped momentarily, then restared 
in an accurate phase alignment with the next PLL 
reference input pulse. By minimizing the phase align­
ment in this manner (phase error s; 0.5 rads), the 
acquisition time is substantially reduced. 

PREAMBLE DETECTION 

Preamble detection timing is set by the sum of the 1 /4 
cell delay and the retriggerable one-shot delay. 
The 1 f4 cell timing capacitor is included on-chip and its 
timing is externally set by resistor RR. The retriggerable 
one-shot timing is externally set by resistor Rd and 
capacitor Cd. The sum of their delays is set to exceed 
the preamble bit spacing. Therefore, a continuous 
stream of input pulses atthe preamble pulse rate keeps 
the SDO high, and a longer bit cell time input period 
allows the one-shot to time out producing a low at SDO. 

TABLE 1: Mode Control 

WRITE OPERATION 

SSI 32P548 
Pulse Detector & 

Data Synchronizer 

Write precompensation circuitry is provided to com­
pensate for media bit shift caused by intersymbol 
interference. The magnitude of the time shift, TC, is 
determinded by an external R-C network on the PCS 
pin given by: 

TC= 0.155 Rp Cp 

Direction of the time shift is determined by the state of 
the EARLY and LATE inputs. 

POWER DOWN MODE 

Two power down modes are provided to reduce power 
usage during the idle periods. Taking PDWN1 low 
causes the device to go into complete shutdown, and 
taking the PDWN2 pin low shuts down all functions not 
required for servo aquisition. 

MODE CONTROL 

The SSI 32P548 circuit mode is controlled by the 
PDWN1, PDWN2, HOLD, RG, and WG pins as shown 
in Table 1. 

WG RG HOLD PDWN1 PDWN2 

0 0 1 1 1 Read Mode VCO Locked to XTAL 

0 1 1 1 1 Read Mode VCO Locked to Read Data 

0 x 0 1 1 Read Mode AGC gain held constant* 

1 0 x 1 1 Write Mode AGC gain held constant* 
Input impedance reduced 

x x x 0 x Power Down 1 - Power shutdown mode 

x x x 1 0 Power Down 2 - Servo mode 

• AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 
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Ts, NOMINAL WINDOW SHIFT 

+TS3 

+TS2 

+TS1 

0 

-TS3 

-TS2 

-TS1 

0 

WSD 

0 

0 

0 

0 

1 

1 

1 

1 

WS1 wso 
0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

TABLE 2: Decode Window Symmetry Control 

AVERAGE 
OUTPUT CURRENT 

0ERROR 

AVERAGE 
OUTPUT CURRENT 

a) HARMONIC MODE b) NON-HARMONIC MODE 

Note 1) lo is the magnitude of the charge pump current. 

2) Phase error Is relative to the VCO period 

FIGURE 4: Phase Detector Transfer Function 
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2, 7 RLL DATA 
I o I o I o I o I o I 

DLYD 
DATA---------~ 

vco 

RRC 
(DECODE WINDOW) 

PHASE DET 
ENABLE ---------~ 

1 I o I o I o I o I 

SSl32P548 
Pulse Detector & 

Data Synchronizer 

o I 1 I o I o I o I o I 

FIGURE 5: Data Synchronization Waveform Diagram 

2, 7 ALL I 0 I 0 I 1 I 0 I 2, 7 ALL I 0 I 0 I 1 I 0 I 2, 7 ALL I 0 I 0 I 1 I 0 I 
DATA DATA DATA 

RD RD RD _n__ 
DLYD DLYD DLYD 
DATA DATA DATA 

vco vco vco 

ARC ARC RAC 
(DECODE (DECODE (DECODE 
WINDOW) WINDOW) WINDOW) 

(a) EARLY (b) NORMAL (c) LATE 

FIGURE 6: Decode Window 
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PIN DESCRIPTION 

NAME TYPE 

VPA1 I 

AGND1 I 

VPA2 I 

AGND2 I 

VPD I 

DGND I 

IN+, IN- I 

OUT+, OUT- 0 

DIN+, DIN-. I 

CIN+, CIN- . I 

DIF+, DIF- 1/0 

COUT 0 

DOUT 0 

ADO 0 

BYP 1/0 

AGC I 

LEVEL 0 

HYS I 

HOLD I 

LATCHA, LATCHB I 

RST, ASTA, RSTB .. I 

cs··· I 

HOLDA, HOLDB 110 

VREF 0 

BURSTA, BURSTS 0 

PES 0 

PDWN1 I 

PDWN2 I 

XTAL 1, XTAL2 I 

DESCRIPTION 

Analog (+5V) power supply for pulse detector. 

Analog ground pin for pulse detector block. 

Analog (+5V) supply pin for data synchronizer block. 

Analog ground pin for data synchronizer block. 

Digital (+5V) power supply pin. 

Digital ground pin. 

Analog signal input pins. 

Read path AGC Amplifier output pins. 

Analog input to the hysteresis comparator. 

Analog input to the differentiator . 

Pins for external differentiating network. 

Test point for monitoring the flip-flop clock input. 

Test point for monitoring the flip-flop D-input. 

Test point for ECL like read data prior to input to the data synchronizer. 

An AGC timing capacitor or network is tied between this pin and AGND1. 

Reference input voltage for the read data AGC loop. 

Output from fullwave rectifier that may be used for input to the hysteresis 
comparator. 

Hysteresis level setting input to the hysteresis comparator. 

TIL compatible pin that holds the AGC gain when pulled low. 

TIL compatible inputs that switch channel A or B into peak acquistion 
mode when low. 

TIL compatible input that enables the discharge of channels A & B hold 
capacitors when held low. 

Hold capacitor discharge current magnitude is controlled by a resistor 
from this pin to VPA or GND. If left open the default current is 1.5 mA. 

Peak holding capacitors are tied from each of these pins to AGND1. 

Reference voltage for Servo outputs. 

Buffered hold capacitor voltage outputs. 

Position error signal, A minus B output. 

Low state on this pin puts the device in a low power "off" state. 

Low state on this pin disables all circuitry not required for use during 
Servo mode. 

Crystal oscillator connections: if a crystal oscillator is not desired, XTAL 1 
may be driven by a TIL source with XTAL2 open. 

*In 52-pin package GIN+ will be internally bonded to DIN+, GIN- will be internally bonded to DIN-. 
**ASTA and RSTB will be internally bonded to RST in 52-pin package, and separately bonded out in 68-pin package. 
•••Not available in 52-pin package. 
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Data Synchronizer 

PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

IREF I Timing program pin: the VCO center frequency, Phase Detector Gain and the 1/4 cell 
delay are a function of the current source into pin IREF. The current is set by an 
external resistor, RR connected from IREF to VPA2. 

FLTR 110 Filter pin: the phase detector output and VCO input node. The loop filter is connected 
to this pin. 

SRD 0 Synchronized Read Data: read data that has been re-synchronized to read clock. 

WSD I Window Symmetry Direction: controls the directions of the optional window symmetry 
shift. Pin WSD has an internal resistor pull-up. 

wso I Window symmetry control bit: a low level introduces a window shift of 1.5% TORC 
(read reference clock period) in the direction established by WSD pin. WSO has an 
internal resistor pull-up. 

WS1 I Window Symmetry Control bit: a low level introduces a window shift of 6% TORC 
(read reference clock period) in the direction established by WSD. A low level at both 
WSO and WS1 will produce the sumo! the two window shifts. Pin WS1 has an internal 
resistor pull-up. 

WSL I Window Symmetry Latch: used to latch the input window symmetry control bits WSD, 
WSO, WS1 into the internal DAC. An active low level latches the input bits. 

RF, RS* I WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO , WS1. 

RRC 0 Read/Reference Clock: a multiplexed clock source used by the controller. In the read 
mode, this clock is the VCOfrequencydivided by two (1/TORC) and in the write mode 
it is the crystal reference frequency divided by two (1/TORO). No short clock pulses 
are generated during a mode change. 

SDS I Sync Detect Set: used to program the preamble detect timing with an external RC 
Network. Connect the capacitor, Cd to VPA2 and the resistor, Rd, to AGND2. 

RG I Read gate: selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the internal RD± inputs. A low level selects the crystal 
reference oscillator, Pin RG has an internal resistor pull-up. 

WG I Write Gate: enables the write mode. Pin WG has an internal resistor pull-up. 

SDO 0 Sync Detect Output: an active high output that indicates successful detection of the 
preamble sync field. 

WDI I Write Data Input, active high. 

WD 0 Write Data: encoded write data output, active low. 

PCS I Precomp Set: used to set the magnitude of the write pre-compensation time shift via 
an external capacitor, Cp to VPA2 and an external resistor, Rp to AGND2. 

EARLY I Early pin: shifts Write Data pulses earlier in their relative position; EARLY and LATE 
cannot be active simultaneously. 

*Not available in 52-pin package. 
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SSl32P548 
Pulse Detector & 
Data Synchronizer 

PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

LATE I Late Pin: shifts Write Data pulses later in their relative position LATE and EARLY 
cannot be active simultaneously. 

PLL_REF 0 An open emitter ECL output test point. The positive edges of this output signal are 
phase locked with the positive edges of the VCO CLK signal. These two edges may 
be used to estimate window centering. The time jitter of the negative edge of the 
PLL_REF is an indication of media bit shift. Two external resistors are required to use 
this pin. They should be removed during normal operation for reduced power 
dissipation. 

VCOCLK* 0 VCO CLK: An open emitter ECLoutput test point. Two external resistors are required 
to perform this test. They should be removed during normal operation for reduced 
power dissipation. 

RDT, VTEST* I Input test pins for testing the Data Synchronizer section only. To test the Data 
Synchronizer, connect VT EST pin to VPA2 and feed the TTL level test signal to ROT 
pin. 

• Not available on 52-pin package 

ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VPA1, VPA2, VPD 

Pin Voltage (Analog pins) 

Pin Voltage (All others) 

Storage Temperature 

Lead Temperature (Soldering 1 O sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

Supply Voltage (VPA1, 2 & VPD) 

Tj Junction Temperature 

5-10 

RATING 

6.0 

-0.3 to VPA1, 2 + 0.3 

-0.3 to VPD + 0.3 
or +12 mA 

65 to 150 

260 

MIN NOM 

4.75 5.0 

25 

UNIT 

v 
v 
v 

oc 
oc 

MAX UNIT 

5.25 v 
135 oc 
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POWER SUPPLY 

PARAMETER CONDITIONS 

IVPA 1, 2 Supply Current Outputs unloaded; PDWN1, 
IVPD PDWN2 = high or open 

Pd Power dissipation Ta= 25°C ou!Q!Jts unloaded 

PDWN1 =low, 
Ou.!Q_uts unloaded 

PDWN2 =low, PDWN1 =high 

LOGIC SIGNALS 

VIL Input Low Voltage 

VIH Input High Voltage 

Ill Input Low Current VIL= 0.4V 

Ill WG Input Low Current VIL= 0.4V 

llH Input High Current VIH = 2.7V 

VOL Output Low Voltage IOL = 4.0 mA 

VOH Output High Voltage IOH = -400 µA 

VIHX XTAL1 Input High Voltage 

*Output load 1s a 4K resistor to 5V and a 10 pF capacitor to DGND. 

MODE CONTROL 

Enable to/from PDWN1, PDWN2 Settling time of external 
Transition Time capacitors not included, 

pin high to/from low 

Read to Write Transition Time WG pin low to high 

Write to Read WG pin high to low 
Transition Time AGC setting not included 

HOLD On to/from HOLD Off HOLD pin high to/from low 
Transition Time 

RG Time Delay 

0790- rev. 5-11 

MIN 

-0.3 

2.0 

0.0 

0.0 

2.7 

2.6 

0.5 

SSl32P548 
Pulse Detector & 

Data Synchronizer 

NOM MAX UNIT 

160 mA 

650 750 mW 

300 380 mW 

450 550 mW 

0.8 v 
VCC+0.3 v 

-0.4 mA 

-0.8 mA 

100 µA 

0.5 v 
v 
v 

20 µs 

1.0 µs 

0.9 1.3 µs 

1.0 µs 

100 ns 

II 
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Pulse Detector & 
Data Synchronizer 

READ MODE WG is low 

AGC AMPLIFIER 
Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN±. 
OUT± are loaded differentially with >340n x 2, and each side is loaded with< 1 O pF to AGND, and AC coupled 
to DIN±. A 2000 pF capacitor is connected between BYP and AGND. AGC pin is open. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Gain Range 1.0 Vp-p :s; (OUT+) - (OUT-) 4 80 VN 
:s; 3.0 Vp-p 

Output Offset Voltage Over entire gain range -400 +400 mV 

Maximum Output Set by BYP pin 3.0 Vp-p 
Voltage Swing 

Differential Input Resistance (IN+) - (IN-)= 100 mVp-p 5.0 kn 
@ 2.5 MHz 

Differential Input Capacitance (IN+) - (IN-)= 100 mVp-p 10 pF 
@2.5 MHz 

Common Mode Input WG = low, IN+ or IN- 2.7 kn 

Impedance WG = high, IN+ or IN- 250 n 

Input Noise Voltage Gain set to maximum 15 nV/--/Hz 

Bandwidth -3 dB bandwidth at 16 MHz 
maximum gain 

OUT+ & OUT- Pin Current No DC path to AGND -4.0 mA 

CMRR (Input Referred) (IN+)= (IN-)= 100 mVp-p 40 dB 
@ 5 MHz, gain set to max 

PSRR (Input Referred) VPA1, 2 = 100 mVp-p 30 dB 
@ 5 MHz, gain set to max 

(DIN+) - (DIN-) Input 25 mVp-p :s; (IN+) - (IN-) 0.37 0.45 0.56 Vp-pN 
Swing vs. AGC Input :s; 250 mVp-p, HOLD = high, 

0.5 Vp-p :s; (DIN+) - (DIN-) 
:s; 1.5 Vp-p 

(DIN+) - (DIN-) Input Voltage 25 mVp-p :s; (IN+) - (IN-) 8.0 O/o 
Swing Variation :s; 250 mVp-p 

AGC Voltage AGC open 2.3 v 
AGC Pin Input Impedance 2.5 kn 

Slow AGC Discharge Current (DIN+) - (DIN-)= OV 4.5 µA 

Fast AGC Discharge Current Starts at 0.9 µs after WG 0.12 mA 
goes low, stops at 1.8 µs 
after WG goes low 

AGC Leakage Current HOLD= low -0.2 +0.2 µA 

Slow AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, -0.12 -0.18 -0.24 mA 
vary AGC until slow charge 
begins 
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AGC AMPLIFIER (Continued) 

PARAMETER CONDITION 

Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, 
VAGC = 3.0V 

Fast to Slow Attack [(DIN+)- (DIN - )] 

Switchover Point [(DIN+ )-(DIN-)]FINAL 

Gain Decay Time (Td) (IN+) - (IN-)= 250 mVp-p to 
125 mVp-p @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 

(IN+) - (IN-) = 50 mVp-p to 
25 mVp-p at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time WG = high to low 
(IN+) - (IN-) = 250 mVp-p 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 

WRITE MODE WG is high 

PARAMETER CONDITION 

Common Mode Input 
Impedance 

HYSTERESIS COMPARATOR 

MIN 

-0.9 

MIN 

SSl32P548 
Pulse Detector & 

Data Synchronizer 

NOM MAX UNIT 

-1.3 -1.7 mA 

125 % 

12 µs 

60 µs 

2 µs 

NOM MAX UNIT 

250 n 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. WG pin is low. 

Input Signal Range 1.5 Vp-p 

Differential Input Resistance (DIN+) - (DIN-)= 100 mVp-p 8 10 14 kn 
@2.5 MHz 

Differential Input Capacitance (DIN+) - (DIN-) = 100 mVp-p 5.0 pF 
@ 2.5 MHz 

Common Mode Input 2 2.5 3.5 kn 
Impedance (Both Sides) 

Level Pin Output Voltage 0.6 Vp-p <(DIN+) - (DIN-) 1 V/Vp-p 
vs. (DIN+) - (DIN-) < 1.5 Vp-p, 1 OK between 

LEVEL and AGND 

Level Pin Output Impedance !LEVEL= 0.2 mA 250 n 

Level pin Maximum 1.5 mA 
Output Current 

Hysteresis Voltage at DIN± 0.3 V < HYS < 1.0V 0.36 VIV 
vs. HYS Pin Voltage 
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HYSTERESIS COMPARATOR (Continued) 

PARAMETER CONDITIONS 

HYS Pin Current 0.5 V < HYS < 1.5V 

Comparator Offset Voltage HYS pin at AGND 
~ 1.5 kO across DIN± 

DOUT Pin Output Low Voltage 5 kO from DOUT to GND 

DOUT Pin Output High Voltage 5 kO from DOUT to GND 

ACTIVE DIFFERENTIATOR 

MIN NOM MAX UNIT 

0.0 .-10 µA 

5.0 mV 

VPA2-2 v 

VPA2 -1.6 v 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 1000 in series with 65 pF are tied from DIF+ to DIF-. 

Input Signal Range 1.5 

Differential Input Resistance (CIN+) - (CIN-) = 100 mVp-p 8 10 14 
@2.5MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVp-p 5.0 
@2.5MHz 

Common Mode Input Impedance Both sides 2.0 2.5 3.5 

Voltage Gain From (DIF+ to DIF-) = 2 kO 1 
CIN±to DIF± 

DIF+ to DIF- Pin Current Differentiator impedance ±0.7 
must be set so as to not clip 
the signal for this current 
level 

Comparator Offset Voltage DIF+, DIF- are AC-coupled 5.0 

COUT Pin Output Low Voltage 5 kO from COUT to GND VPA2-2 

COUT Pin Output High Voltage 5 kQ from COUT to GND VPA2-1.6 

COUT Pin Output Pulse Width 30 

WQ, __ _ 
WG-----, 

L~--~--. I .0"' ,__ ____ _ LoV.0----,~~ 

1·9"'~-----

Fast Discharge Switch G;l~----
1 
I _j ------1..,--....._ c Ff25% 

(DIN+ -DIN·) I 
1....--1 I ___ ___,.! I I 
Fast Slow 
Charge Charge 

Figure A: AGC Attack Sequenoe 

Fast Discharge Switch J.9j;'l~---­
I 
I ___ ....... ,_.........., 

----+-1--.....__1 
I Fast ..... , S-low--+1---

0ischarge Discharge 

Figure B: AGO Decay Sequence 

FIGURE 7: AGC Timing Diagram 
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QUALIFIER TIMING (See Figure 8) 

SSI 32P548 
Pulse Detector & 

Data Synchronizer 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) -(CIN-) and (DIN+)-(DIN-) 
are in-place as a coupled, 1.0 Vp-p, 2.5 MHz sine wave. 1 oon in series with 65 pF are tied from DIF+ to DIF-. 
0.5V is applied to the HYS pin. COUT, DOUT and RD has a 5 kQ pull-down resistor (for test purposes only.) 
WG pin is low. 

PARAMETER CONDITIONS MIN NOM 

Td1 D Flip-Flop Set Up Minimum allowable time 0 
Time delay from (DIN+) - (DIN-) 

exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 

Td3 Propagation Delay 15 

1Td3-Td41 Pulse Pairing 

+HYSTERESIS LEVEL 

V(CIN+) - (CIN-) 
and OV 1-+----r----1~----.---+----->r-

V(DIN+) - (DIN-) 

-HYSTERESIS LEVEL 

DIFFERENTIATOR 
COMPARATOR OUTPUT 

VcouT 

RD TEST PT 
OUTPUT 

FIGURE 8: Read Mode Digital Section Timing Diagram 
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SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 

PARAMETER CONDITIONS MIN NOM MAX 

VREF Voltage Range Output 2.0 

BURSTA/B Pin Output LATCHA/B = Low 1.0 
Voltage vs (DIN+) - (DIN-) VBLRSTAfl - VREF 

(DIN+)-(DIN-) 

BURST A/B Output Offset LATCHA/B =Low, -50 +50 
Voltage, VsuRsr - VREF (DIN+)= (DIN-) 

BURSTA - BURSTS Output LATCHA/B = low -10 +10 
Offset Match (DIN+)= (DIN-) 

Output Resistance, 20 
BURSTA/B, PES 

PES Pin Output Offset Voltage VBURSTA - VBURSTB +VREF -10 +10 
(DIN+)= (DIN-), 
LATCHA/B =Low 

HOLDA/B Discharge Current RST= low, 1.5 

HOLDA/B Leakage Current RST =high, -0.5 +0.5 
LATCHA/B = high 

Load Resistance, Resistors to VREF 10.0 20.0 
BURSTA/B, PES 

Load Capacitance, 20 
BURSTA/B, PES 

LATCHA/B pin set up time TDS1, Figure 14 150 

LATCHA/B pin Hold Time TDS2, Figure 14 150 

Channel A/B Discharge RST high ~ low 150 
Current Turn On time 

Channel A/B Discharge RST low ~ high 150 
Current Turn Off time 

SYNCHRONIZER SECTION 

WRITE MODE (See Figure 9) 

PARAMETER CONDITIONS MIN MAX 

TWO, Write Data Pulse Width CL s 15 pF (TORC/2)-12 (TORC/2)+ 12 
-1.65 TPCO -1.65 TPCO 

-TPC -TPC 
-12 +12 

TFWD, Write Data Fall Time 2.0V to 0.SV, CL S 15 pF 8 

TSWD, Write Data Input Setup Either edge of WDI to 15 
Time either edge of RRC 
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UNIT 

v 
V/Vp-p 

mV 

mV 

Q 

mV 

mA 

µA 

kQ 

pF 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 
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WRITE MODE (continued) 

PARAMETER CONDITIONS 

THWD, Write Data Input Hold Either edge of RRC 
Time to either edge of WDI 

TSP, Early*/Late* Input Setup Falling edge of Early*/Late* 
Time to either edge of RRC 

THP, Early*/Late* Input Hold Rising edge of Early*/Late* 
Time to either edge of RRC 

TPC, Precompensation Time TPCO = 0.155 Rp Cp 
Shilt Magnitude Accuracy Rp = 1K to 2K 

READ MODE 

PARAMETER CONDITIONS 

TRRC, Read Clock Rise Time O.BV to 2.0V, CL s; 15 pF 

TFRC, Read Clock Fall Time 2.0V to O.BV, CL s; 15 pF 

TSRD, Read Data Pulse Width 

TRSRD, Read Data Rise Time O.BV to 2.0V, CL s; 15 pF 

TFSRD, Read Data Fall Time 2.0V to O.BV, CL s; 15 pF 

TPSRD, SRD Output 
Setup/HoldTime 

1/4 Cell+ Retriggerable TD= 5.0 (RR +1.2) 
One-Shot Delay* + 0.154 Rd (Cd +Cs)** ns 

RR in kQ, Rd in kQ, Cd in pF 
Cd = 68 pF to 100 pF 

1/4 Cell + Retriggerable 4.5V < VPA2 < 5.5V 
One-Shot Detect Stability 

MIN 

3 

15 

10 

O.BTPCO 

MIN 

SSI 32P548 
Pulse Detector & 

Data Synchronizer 

MAX UNIT 

ns 

ns 

ns 

1.2TPCO ns 

NOM MAX UNIT 

8 ns 

5 ns 

(TORC/2)-12 (TORC/2)+12 ns 

10 ns 

8 ns 

-15 15 ns 

... ---

0.89TD 1.11TD ns 

-4 +4 % 

*Excludes External Capacitor and Resistor Tolerances. •• Cs = Stray Capacitance 

WINDOW SYMMETRY CONTROL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TWSS WSO, WS1, WSD 50 ns 
Set Up Time 

TWSH WSO, WS1, WSD 0 ns 
Hold Time 
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DATA SYNCHRONIZATION 

PARAMETER 

TVCO VCO Center Frequency 
Period 

VCO Frequency 
Dynamic Range 

KVCO VCO Control Gain 

KD Phase Detector Gain 

. KVCO x KD Product 
Accuracy . VCO Phase Restart Error 

Decode Window 
Centering Accuracy 

Decode Window 

TS1 Decode Window Time 
Shift Magnitude 

TS2 Decode Window Time 
Shift Magnitude 

TS3 Decode Window Time 
Shift Magnitude 

TSA Decode Window Time 
Shift Magnitude 

CONDITIONS MIN NOM 

VCO IN= 2.7V 0.8TO 
TO= TBD 
VPA2 = 5.0V 

1.0V ~ VCO IN~ VPA2-0.6V ±27 
VPA2 = 5.0V 

roo = 2it/ TO 0.14 (1)0 

1.0V ~ VCO IN~ VPA2-0.6V 

KD = 0.62 / (RR+500) 0.83 KD 
VPA2 = 5.0V, Input= 3T Sync Field 

-28 

6 

(TORC/2)-2 

TS1 = 0.015 TORC 0.8 TS1 
WSO = O; WSI = 1 -0.5 

TS2 = 0.06 TORC 0.8 TS2 
WSO = 1; WSI = 0 

TS3 = 0.075 TORC 0.8 TS3 
WSO = O; WSI = 0 

...... .,~+~) 0.65 TSA 

• Not directly testable; design characteristics 

wrn ______ ---.Jx=x= 
RRC 

~2.0V 
1.SV y 
0.8V 1.S 

i'--TWD-1 

-I i'--TFWD 

FIGURE 9: Write Mode Timing 
5-18 

MAX UNIT 

1.2TO sec 

±40 % 

0.20 (1)0 rad/s V 

1.17 KD A/rad 

+28 % 

ns 

± (0.01 ns 
TORC + 2) 

ns 

1.2 TS1 ns 
+0.5 

1.2 TS2 ns 

1.2 TS3 ns 

1.35 TSA ns 

0790-rev. 



0790- rev. 

ARC 1.5V 

I TPSRD I TPSRD I .. ..... .... 

SSl32P548 
Pulse Detector & 

Data Synchronizer 

SRO 1.5V 1.5V A 2.0V ~2.aV 
a.av a.av 

~~~~~~ -~~~~~~~~ 

j.-- TSRD --.j 
TRSRD ~ i.- ~ i.- TFSRD 

FIGURE 10: Read Mode Timing 

~.5V 1.5;:/ 

!-rwss-j--rwsH+-J 

1.5V 

FIGURE 11: Window Symmetry Control Timing 

TRRC TFRC 

~ ~ ~ ~ 
2.aV 2.aV 

RAC 1.5V 1.5V 
a.av a.av 

I .. TORC ""i 
FIGURE 12: RRC Timing 

5-19 



SSI 32P548 
Pulse Detector & 
Data Synchronizer 

VASTA 

FIGURE 13: SDO Timing 

VL::::3J--+--r-_J -+----r--Tds4-______::---
A CHANNEL ,,,_ I 

DISCHARGE CURRENT 

B CHANNEL 
DISCHARGE CURRENT ___ ____, 

v.~:~: ~::: : EI11 I I I I I I I I I I I I I I 

V•~e:~~:::: ~ I I I I I I I I J:d:d I I I I I I I 
FIGURE 14: Servo Read Mode Timing 
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APPLICATIONS INFORMATION 

The SSI 32P548 PLL uses a new architecture which 
incorporates an accurate quarter cell delay circuit. The 
standard architecture of a data synchronizer PLL is 
shown in Figure17A. In read mode, the rising edge of 
the quarter cell delay enables the phase detector, and 
the falling edge is locked to the VCO. Ideally, the 
quarter cell delay enables the phase detector one half 
of an encoded bit cell time before the phase comparison 
takes place. A data bit could then shift early or late by 
one half of an encoded bit cell time before a phase 
detector output error would occur. If the quarter cell 
delay is not exactly one half of an encoded bit cell time, 
a phase detector error will occur when the read data 
shifts by an amount that is smaller than one half of and 
encoded bit cell time when shifting in one direction and 
an amount larger than one half of an encoded bit cell 
time in the other direction. In addition, when an error 
occurs, the resulting charge pump output goes from 
maximumoutputonewayto maximum output the other 
way. This can cause loss of lock to occur. The timing is 
shown in Figure 18. 

The 32P548 achieves an accurate quarter cell delay 
time by using the VCO control voltage to compensate 
the quarter cell delay one-shot circuit for process, 
temperature and power supply induced timing 
variations. The modified architecture of the 32P548 
data synchronizer is shown in Figure 198. Because the 
quarter cell delay timing is adjusted by the VCO control 
voltage, there is an effect on the PLL transfer function 
due to the new quarter cell delay circuit. 

The quarter cell delay circuit produces a time delay 
output in response to a voltage input. In order to include 
this function in a phase-locked loop, the time delay 
function must be converted into a phase function. This 
is straightforward, since a time delay is equivalent to a 
phase angle. The equivalent phase representation of 
the quarter cell delay is derived below. 

For the VCO: K - dooo 
0 - dV 

(1 a) 

SSI 32P548 
Pulse Detector & 

Data Synchronizer 

where: 
K0 = VCO gain 

000 = VCO center frequency (rad/s) 

f 0 = VCO center frequency (Hz) 
T0 = VCO center frequency (sec) 

For the quarter cell delay, 

K =dqo=27tadTo=-aT dwo=-aTK 
T dV T dV 0 dV 0 0 

where: 0 

00 = Phase due to quarter cell delay circuit 

T0 = VCO center frequency period 
T 0 = Quarter cell delay time 

a = T JT0 = 0.5 for the 32P548 

The gain of the quarter cell delay block is constant in 
the 32P548, regardless of the values of other 
components. 

For the 32P548, the nominal value of Kr is 0.17n. 

PLL TRANSFER FUNCTION 

There are two modes of operation of the PLL, and two 
transfer functions. In write and idle modes, the PLL is 
locked to the reference oscillator, and the quarter cell 
delay does not enter into the transfer function. In read, 
mode, the PLL is locked to read data, and the quarter 
cell delay is included in the transfer function. In addi­
tion, the effective loop gain of the PLL increases in idle 
mode due to the phase detector. This will be explained 
later in more detail. 

The transfer functions for read and idle modes are 
given in (3) and (4), respectively. 

nK0 KdF(s) 
(3) 

80 (s) S 

8r(s) K K F( ) nK0 KdF(s) 1+n T d s + S 

(4) 

(1b) 

dT0 = ~(-1-J = __ 1_ dfo = _ 1 2 dfo =- To2 dwo 
dV dV f o fo2 dV o dV 2n dV 
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where: 

Kr = Quarter cell delay one-shot gain 

K0 = VCOgain 

Kd = Phase detector gain 

F(s) = Loop filter transfer function 
n = Ratio of input freq. to reference freq. 

In (3) the K term in the denominator is a result of the 
quarter cell delay. Substituting Kr= aKo To into (3), 

nK0KdF(s) 
Oo(S) S 
Or(s) (1 T ) nKoKdF(s) 

1+ -sa. 0 S 

The additional -saT 0 term in the denominator due to 
the quarter cell delay introduces positive feedback. 
However, the gain of the positive feedback is always 
less than one, so there is no instability. The additional 
term is not always negligible, and must be taken into 
account in the loop analysis and design. 

Two loop filter configurations, shown in Figure 15, will 
be considered. Both filters result in a second order type 
2 loop transfer function, with only minor differences in 
the loop equation. 

FIGURE 15: Loop Filter 

The transfer function of the loop filter for a charge­
pump PLListhetransimpedance, V Jli (s), where V 0 (s) 
is the output voltage, and I. (s) is the input current. The 
transfer functions of (a) a~d (b) are given by: 

sR1C1+1 
(6) 

(7) 

For loop filter (a), C is normally chosen to be much 
smaller than C so that it does not affect the loop transfer 
function significantly. Assuming the C "C and sRC cc 1 
at the frequencies of interest, (6) reduces to: 

F (s) sR1C1+1 
a sC1 

(8) 

For loop filter (b), C is normallly chosen to be much 
smaller than C, so that it does not affect the loop 
transfer function significantly. Assuming the C .. C and 
that sRC cc 1 at the frequencies of interest, (7) reduces 
to: 

(9) 

Equations (8) and (9) are the same, and either loop 
filter may be used. Substituting (8) into (3) gives: 

(10) 

nKoKd ( sR1C1+1) 
80 (s) C1 (1-aT0 nK0KdR1) 

Or(s) 2 nKoKd (R aT0 J nK0Kd 
s +s1-aT0nKoKdR1 1-(51 +C1(1-aT0nK0KdR1) 

5-22 

This is in the form of a standard second order transfer 
fucntion. The denominator has the form: 

D(s) = s2 + 2~0lnS + Oln2 (11) 

where: ~=damping factor 
ro0 = natural frequency 

The damping factor and natural frequency of (10) can 
be extracted: 

nK0 Kd (12) 
con= C1(1-aT0 nK0KdR1) 

(13) 

Substituting (8) into (4) gives the transfer function for 
idle mode: 

80 (s) 

Or(s) 
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Again, this is in the form of a second order transfer 
function. The damping factor and natural frequency are 
found to be: 

(15) 

(16) 

To design the loop for proper read mode operation 
using (12) and (13), R, and C, must be found in terms 
of the damping factor and natural frequency. 

To do this, first find C/ron. then solve for R,C,. 

R1C1=!(+aTo 
mn 

(17) 

Substitute this value for R1C1 into the equation for ron 
and solve for C1• 

nKoKd ( 2' ) <15) C1=--2-+aT0 nK0 Kd -+aT0 
ron ron 

NowthatC, is known, R, canbefoundbydividing(17) 
through by c,. 

(19) 

EXAMPLE 1 

Assume that the data rate is 1 O Mbit/s, a 3T preamble 
pattern is used, and that ro" = 106 and C = 0.707 are 
desired. 

For the SSI 32P548: 
RR = 50/DR -1.7 kQ 
K0 =0.17©o=21.4•106 

Kd = 0.62/(RR+500) = 160 • 106 

KT = 0.171t = 0.534 

Due to the 3T preamble pattern, the input frequency is 
one third the VCO frequency, son= 1/3. 

000 = 2it(2 • 107), a= 0.5, and T0 = 1/(20 • 106) = 50 ns 
C, 1160pF+41.9pF=1.21 nF 
R, = 1.20 kQ 
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The resulting loop filler is shown in Figure 16. 

FIGURE 16 

The value of C2 = C1/10 is chosen to damp out 
transients on the FIL T pin and meet the requirement 
C2 ccC1• 

When the loop locks to the reference oscillator in idle 
mode, the looptransferfunction is given by (14), andm,, 
and C are given by (15) and (16). R1 and C1 from 
Example 1 can be substituted into these equations to 
find the resulting natural frequency and damping factor 
in idle mode. 

EXAMPLE2 

When locking onto the reference oscillator, the input 
frequency is the same as the VCO frequency, son= 1 .. 
Using the values of R, and C, found in Example 1, the 
values of ron and C when locking to the reference 
oscillator are found to be: 

ron = 1.7. 106 rad/s 
c = 1.23 
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READ 
DATA 

REF. 
osc. 

MODE 

,Xi CELL 
DELAY 

LOOP 
FILTER 

1---'---i vco f--.--• 

FIGURE 17A: Standard Configuration of a Data Synchronizer Phase-Locked Loop 

ACTUAL READ 
DATA PULSE 

QUARTER CELL 
DELAY OUTPUT 

vco 

+lo 

PHASE DETECTOR 
r----------------

1 
I 

LOOP 
FILTER 

F(s) 

vco 
Ko 
s 

FIGURE 178: Phase-Lock Loop System Representation 

PHASEOE~Ti'm 0 ---------~ 
·lo 

FIGURE 18A: Phase Detector Timing with Ideal Quaner Cell Delay. For an ideal pulse (1 ), there is no phase 
detector output. When a pulse is shifted late (2) or early (4) by less than the quarter cell delay time, the phase 
detector output is negative or positive, respectively. When the read data is shifted late (3) or early (5) by more than 
the quarter cell delay time, a phase detector output polarity error occurs. In this case, the output polarity becomes 
positive for a late shifted pulse and negative for an early shifted pulse. 
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READDATA _IL_ 

QUARTER CELL ,-------, 
DELAYOUTPUT __J L____ 

PHASE DET. II 
ENABLE ------1 \----
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CASE 3: DELAY OUTPUT IS LESS THAN 

~BIT CELL TIME. T1 > T2 

FIGURE 188: Timing of Phase Detector Enable Logic. The read data input pulse can shift to the left by T1 and 
to the right byT2 before an error occurs in the phase detector output polarity, If the quarter cell delay output is not 
exactly 1/4 bit cell wide, then T1 ,,,_ T2, as shown in cases 2 and 3. 
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DESCRIPTION 
The SSI 32P5481/5482 is a low power, high 
performance Pulse Detection, Data Synchronization 
combination device. This device is designed for use in 
low power applications requiring +5V only power 
supplies. The pulse detection portion of this device 
detects and validates amplitude peaks in the output 
from a disk drive read amplifier, as well as detecting 
embedded servo information to provide position signals 
used for read head positioning. The data 
synchronization portion is a 2, 7 data synchronizer with 
window shift. The SSI 32P5481/5482 also provides 
write precompensation function. The SSI 32P5481 / 
5482 achieves low system operating power three ways, 
with a low operating power ( +5V only design) and with 
two independent power down modes. Mode 1 is a 
complete shutdown or sleep mode. Mode 2 is a low 
power mode for use while acquiring servo, where all 
circuitry not associated with obtaining servo information 
is powered down. The SSI 32P5481/5482 is available 
in a 52-pin fine pitch QFP, and 68-pin PLCC. 

SSI 32P5481 /5482 
Pulse Detector & 

Data Synchronizer 

l!f! 11 h¥i bf t.1 Ii ·SU t.1 II 
November 1991 

FEATURES 

• Highly Integrated Pulse Detector and 
Data Synchronizer 

• +5Vonly Power Supplies 

• Low Power <500 mW (max) 

• Dual Power Down Modes 

• Dual Servo Burst Channels with Position Error 
Signal 

• Low Pulse Pairing (~ ±1 ns) 

• 8·16 Mbit/s operation 

BLOCK DIAGRAM 
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CIRCUIT OPERATION 

PULSE DETECTOR SECTION 

READ MODE 

In read mode the SSI 32P5481 /5482 is used to process 
either data or servo signals. In the, Data Read Mode the 
input signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. In the servo read mode the input signal 
is amplified and rectified. Two servo burst channels are 
available that provide A and B burst levels. 

DATA READ MODE 

An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 

The SSI 32P5481/5482 contains a dual rate attack 
charge pump. The value of the attack current is depen­
dent on the instantaneous level at DIN±. For signal 
levels above 125% of the desired level a fast attack 
mode is invoked that supplies a 1.3 mA charge current 
to the network on the BYP pin. Between 125% and 
100% of the desired level the circuit enters a slow 
attack mode and supplies 0.18 mA of charge current to 
the BYP pin. 

Two decay modes are available and are automatically 
controlled within the device. 

Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 
switched back to read mode the AGC holds the gain 
and stays in a low impedance state for 0.9 µs. It then 
switches into a fast/slow attack mode if the new gain 
required is less than the previously_ held gain or a fast 
decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on 0.9 µs. After the 0.9 µs time period the device 
stays in a steady state slow attack, slow decay mode. 
The slow decay discharge current is 4.5 µA. 

The AGC pin is internally biased so that the target 
differential voltage input at DIN± is 1.0 Vp-p under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor.between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
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Rint Rext 

VN3C = (5-V) Rint +V 
Rint+ Rext 

sv 

v [JRint Rext 

__ t_ 

R1nt+Rext 

FIGURE 1: AGC Voltage 

voltage level is shown in Figure 1; where: 

V =Voltage at AGC w/pin open (1.0V, nom) 

Rint = AGC pin input impedance (3.91 kn, typ) 

Rext = External resistor 

The new DIN± input target level is nominally 1.0 Vp-p/ 
VAGC. 

The maximum AGC amplifier output swing is 3.0 Vp-p 
at OUT±, which allows for up to 8dB loss in any external 
filter between OUT± and DIN±. 

AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 

GainVN 

80 

40 

2.45 
VBYP(Vofls) 

FIGURE 2: AGC Gain 

The AGC amplifier has an open collector output and 
can sink 6.0 mA. For correct operation to the gain 
range the outputs should be pulled up to VPA through 
a 3400 resis,tor as shown in Figure 3. 

sv sv 

3400 

OUT+ 

OUT· 

~ 6 
DIN-iCIN· DIN+/CIN+ 

FIGURE 3: AGC Filter 
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lnthe52-pin package configuration CIN+ and DIN+ will 
be bonded together, likewise CIN- and DIN- will be 
bonded together. In this situation one filter must be 
used for both time and amplitude channels. A multipole 
Bessel filter is typically used for its linear phase or 
constant group delay characteristics. 

In the amplitude channel the signal is sent to a hyster­
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be fixed level or a fraction 
of the DIN± voltage level. 

The latter approach is accomplished by using an exter­
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN±, 1.0 p-p at DIN± results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN± voltage. For example, 
if DIN± is 1.0 Vp-p, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result in a nominal ±0.1 BV threshold or a 36% threshold 
of a±0.500V DIN± input. The capacitor is chosen to set 
an appropriate time constant. This ''feed forward" tech­
nique speeds up transient recovery by allowing quali­
fication of the input pulses while the AGC is still settling. 
This helps in the two critical areas of write to read and 
head change recovery. Some care in the selection of 
the hysteresis level time constant must be exercised so 
as to not miss pattern (resolution) induced lower am­
plitude signals. The output of the hysteresis comparator 
is the "D" input of a D-type flip-flop. The DOUT pin is a 
comparator output signal for testing purposes only. 

In the time channel the signal is differentiated to trans­
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one­
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 

The ditterentiatorfunction is accomplished by an exter­
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN± to the comparator input 
(not DIF±) is: Cs 

Av=~~~~~~~ 

LCs2 +C(R+92)s+1 

where: C, L, R are external passive components 
15 pF < C < 125 pF 
S=jro = j27tf 
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During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ­
ous threshold exceeding peak. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 

SERVO READ MODE 

A position error signal (PES) is generated based on the 
relative amplitude of two servo signals, BURST A and 
BURST B. 

Rectified servo signal peaks are captured on hold 
capacitors at the HOLDA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe­
riod. Additionally, a hold capacitor discharge current of 
up to 1.5 mA can be turned on by pulling RST A/RSTB 
low. 

Outputs BURSTA/B and PES are referenced to an 
internal reference supplied by the VREF pin. 

WRITE MODE 

In Write Mode the SSI 32P5481/5482 Pulse Detector 
section is disabled and preset for the following Read 
Mode. The digital circuitry is disabled, the input AGC 
amplifier gain is held at its previous value and the AGC 
amplifier input impedance is reduced. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P5481/5482 and a head preamplifier such 
as the SSI 32R1200 R. Write to read timing is controlled 
to maintain the reduced impedance for 0.9 µs before 
the AGC circuitry is activated. Coupling capacitors 
should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow more 
rapid settling. 
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DATA SYNCHRONIZER SECTION 

The SSI 32P5481/5482 is designed to perform data 
synchronization in rotating memory systems which 
utilize a 2, 7 RLL and MFM encoding format. In the 
Read Mode the SSI 32P5481/5482 performs Data 
Synchronization, and Preamble Detect. In the Write 
Mode, the SSI 32P5481 performs write precompensa­
tion. The interface electronics and architecture of the 
SSI 32P5481/5482 have been optimized for use as a 
companion device to the WD 42C22 controllers. 

The SSI 32P5481/5482 can operate with data rates 
ranging from 8 to 16 Mbit/s. This data rate is estab­
lished by a single 1% external resistor, RR, connected 
from pin IREF to VPA2. This resistor establishes a 
reference current which sets the VCO center fre­
quency, the phase detector gain, and the 1 /4 cell delay. 
The value of this resistor is given by: 

RR = 75.5/DR - 2 (kQ) 
Where: DR = Data Rate in Mbit/s 

An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XT AL 1 
and XT AL2 should be selected at twice the Data Rate. 
If a crystal oscillator is not desired, then an external TTL 
compatible reference may be applied to XT AL 1, leav­
ing XTAL2 open. 

The SSI 32P5481/5482 employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non-Har­
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DLYD DATA pulse. In the Write and 
Idle Modes the Non-Harmonic Phase Detector is con­
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing a 
zero phase restart technique, false lock to DL YD DATA 
is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 1. 
RG is an asynchrouous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develp the decode win­
dow. Read Gate, RG, initiates the PLL locking se­
quence and selects the PLL reference input; a high 
level (Read Mode) selects the Read Data input and low 
level selects the crystal reference oscillator. 

In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVC0/2) pulse whose leading edge is defined by the 
leading edge of Read Data. RRC is generated from the 
rising edges of the VCO clock. By utilizing a fully 
integrated symmetrical VCO running at twice the data 
rate, RRC is insured to be accurate and centered 
symmetrically about the falling edges of DL YD DAT A. 
The accuracy of the 1/4 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of RRC. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DL YD DAT A pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra­
tion, window margin testing, error recovery, and sys­
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a µP port (WSL, WSD, WSO, WS1) as 
described in Table 2. In application not utilizing this 
feature, WSL should be left open or connected to 
VPA2, while WSD, WSO, and WS1 can be left open. 
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Window shifts in the range of ±1.5% to ±7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA=0.125TORc(1 790+R) 
1450+R 

Where: R is in Q 

Pins RF and RS are intended to be used as a trim and 
should be restricted to ±1.5% window shifts. They can 
be used in conjunction with the digital control port. 
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In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When RG transi­
tions, the VCO is stopped momentarily, then restared 
in an accurate phase alignment with the next PLL 
reference input pulse. By minimizing the phase align­
ment in this manner (phase error ~ 0.5 rads), the 
acquisition time is substantially reduced. 

PREAMBLE DETECTION 

Preamble detection timing is set by the sum of the 1 /4 
cell delay and the retriggerable one-shot delay. 
The 1 f4 cell timing capacitor is included on-chip and its 
timing is extemallyset by resistor RR. The retriggerable 
one-shot timing is externally set by resistor Rd and 
capacitor Cd. 

TOS = 0.1 •RD• (Cd+ Cs) nsec, where Rd is in kn, Cd 
is in pF. Cs= stray capacitance. 

The sum of their delays is set to exceed the preamble 
bit spacing. Therefore, a continuous stream of input 
pulses at the preamble pulse rate keeps the SDO high, 
and a longer bit cell time input period allows the one­
shot to time out producing a low at SDO. 

TABLE 1: Mode Control 

WRITE OPERATION 

SSI 32P5481 /5482 
Pulse Detector & 

Data Synchronizer 

Write precompensation circuitry is provided to com­
pensate for media bit shift caused by intersymbol 
interference. The magnitude of the time shift, TC, is 
determinded by an external R-C network on the PCS 
pin given by: 

TC =TBD RpCp 

Direction of the time shift is determined by the state of 
the EARLY and LATE inputs. 

POWER DOWN MODE 

Two power down modes are provided to reduce power 
usage during the idle periods. Taking PDWN1 low 
causes the device to go into complete shutdown, and 
taking the PDWN2 pin low shuts down all functions not 
required for servo aquisition. 

MODE CONTROL 

The SSI 32P5481/5482 circuit mode is controlled by 
the SLEEP, SERVO, HOLD, RG, and WG pins as 
shown in Table 1. 

WG RG HOLD PDWN1 PDWN2 

0 0 1 1 1 Read Mode VCO Locked to XTAL 

0 1 1 1 1 Read Mode VCO Locked to Read Data 

0 x 0 1 1 Read Mode AGC gain held constant* 

1 0 x 1 1 Write Mode AGC gain held constant* 
Input impedance reduced 

x x x 0 x Power Down 1 - Power shutdown mode 

x x x 1 0 Power Down 2 - Servo mode 

• AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 
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Ts, NOMINAL WINDOW SHIFT 

+TS3 

+TS2 

+TS1 

0 

-TS3 

-TS2 

-TS1 

0 

WSD 

0 

0 

0 

0 

1 

1 

1 

1 

WS1 wso 
0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

Note: Positive denotes a late shift, negative denotes an 
early shift. A late shift in the window increases the late 
(right) margin and decreases the early (left) margin. 

TABLE 2: Decode Window Symmetry Control 

AVERAGE 
OUTPUT CURRENT 

0 ERROR -2lt' 

-lo 

AVERAGE 
OUTPUT CURRENT 

a) HARMONIC MOOE b) NON-HARMONIC MODE 

Note 1) lo is the magnitude of the charge pump current. 

2) Phase error is relative to the VCO period 

FIGURE 4: Phase Detector Transfer Function 
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2, 7 RLLDATA 
I ol ol ol ol ol 11 ol ol ol ol ol 11 ol ol ol ol 

DLYD 
DATA-----------' 

vco 

ARC 
(DECODE WINDOW) 

PHASE DET 
ENABLE -----------' 

FIGURE 5: Data Synchronization Waveform Diagram 

2, 7 ALL I 0 I 0 I 1 I 0 I 2, 7 ALL I 0 I 0 I 1 I 0 I 2, 7 RLL I 
DATA DATA DATA 

RD RD RD 

DLYD DLYD DLYD 
DATA DATA DATA 

vco vco VCO 

RRC RAC RRC 
(DECODE (DECODE (DECODE 
WINDOW) WINDOW) WINDOW) 

(a) EARLY (b) NORMAL 

FIGURE 6: Decode Window 
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PIN DESCRIPTION 

NAME TYPE 

VPA1 

AGND1 
VPA2. 

AGND2 

VPD 

DGND 

IN+, IN-

OUT+, OUT- 0 

DIN+, DIN-. I 

CIN+,CIN-. I 
DIF+, DIF- 1/0 

COUT 0 

DOUT 0 

RDO 0 

BYP 1/0 
AGC I 

LEVEL 0 

HYS I 

HOLD I 

LATCHA, LATCHB I 

AST, ASTA, RSTB •• I 

cs··· I 

HOLDA, HOLDB 0 
VREF 0 
BURSTA, BURSTB 0 

DESCRIPTION 

Analog (+5V) power supply for pulse detector. 

Analog ground pin for pulse detector block. 
Analog ( +5V) supply pin for data synchronizer block. 

Analog ground pin for data synchronizer block. 

Digital (+5V) power supply pin. 

Digital ground pin. 

Analog signal input pins. 

Read path AGC Amplifier output pins. Open collector output, external pull-
up resistors should be added between these pins and VPA1. 

Analog input to the hysteresis comparator . 

Analog input to the differentiator. 
Pins for external differentiating network. 

Test point for monitoring the flip-flop clock input. Forcing this pin above 
4.5V activates a test mode in which the DOUT pin becomes the input to 
the data synchronizer. 
Test point for monitoring the flip-flop D-input. In the special test mode 
which is controlled by COUT, this pin is the input to the data synchronizer. 

Test point for ECL like read data prior to input to the data synchronizer. 
This is a TTL level signal which is active during SERVO, READ, and IDLE 
modes. 

An AGC timing capacitor or network is tied between this pin and AGND1. 

AGC Reference: the voltage on this pin determines the reference voltage 
for the read data AGC loop. 

Open emitter output from fullwave rectifier that may be used for input to 
the hysteresis comparator. 

Hysteresis level setting input to the hysteresis comparator. 
TTL compatible pin that holds the AGC gain when pulled low. 

TTL compatible inputs that switch channel A or B into peak acquistion 
mode when low. 

TTL compatible input that enables the discharge of channels A & B hold 
capacitors when held low. 

Hold capacitor discharge current magnitude is controlled by a resistor 
from this pin to VPA1 or GND1. If left open the default current is 1.5 mA. 

Peak holding capacitors are tied from each of these pins to AGND1. 

Reference voltage for Servo outputs. 

Buffered hold capacitor voltage outputs. 

*In 52-pin package CIN+ will be internally bonded to DIN+, CIN- will be internally bonded to DIN-. 
**RSTA and RSTB will be internally bonded to AST in 52-pin package, and separately bonded out in 68-pin package. 
***Not available in 52-pin package. 
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PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

PES 0 Position error signal, A minus B output, offseted by VREF. 

SLEEP I Low state on this pin puts the device in a low power "off" state. 

SERVO I Low state on this pin disables all circuitry not required for use during Servo mode. 

XTAL1, I Crystal oscillator connections: if a crystal oscillator is not desired, XTAL 1 may be 
XTAL2 driven by a TTL source with XTAL2 open. 

IREF I Timing program pin: the VCO center frequency, Phase Detector Gain and the 1 /4 cell 
delay are a function of the current source into pin IREF. The current is set by an 
external resistor, RR connected from IREF to VPA2. 

FLTR 110 Filter pin: the phase detector output and VCO input node. The loop filter is connected 
to this pin. 

SRO 0 Synchronized Read Data: TIL read data that has been re-synchronized to read 
clock. 

WSD I Window Symmetry Direction: TTL compatible input controls the directions of the 
optional window symmetry shift. Pin WSD has an internal resistor pull-up. 

wso I Window symmetry control bit: TIL compatible input, a low level introduces a window 
shift of 1.5% TORC (read reference clock period) in the direction established by WSD 
pin. 

WS1 I Window Symmetry Control bit: TTL compatible input, a low level introduces a window 
shift of 6% TORC (read reference clock period) in the direction established by WSD. 
A low level at both WSO and WS1 will produce the sum of the two window shifts. 

WSL I Window Symmetry Latch: used to latch the input window symmetry control bits WSD, 
WSO, WS1 into the internal DAC. An active low level latches the input bits. 

RF, RS* I WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO, WS1. 

RRC 0 Read/Reference Clock: a multiplexed clock source used by the controller. In the read 
mode, this clock is the VCO frequency divided by two ( 1 /TORC) and in the write mode 
it is the crystal reference frequency divided by two (1/TORO). No short clock pulses 
are generated during a mode change. 

sos I Sync Detect Set: used to program the preamble detect timing with an external RC 
Network. Connect the capacitor, Cd to VPA2 and the resistor, Rd, to AGND2. 

RG I Read gate: TIL compatible input selects the PLL reference input and initiates the 
PLL synchronization sequence. A high level selects the internal RD± inputs. A low 
level selects the crystal reference oscillator, Pin RG has an internal resistor pull-up. 

WG I Write Gate: TIL compatible input enables the write mode. Pin WG has an internal 
resistor pull-up. 

SDO 0 Sync Detect Output: an active high output that indicates successful detection of the 
preamble sync field. 

*Not available in 52-pin package. 
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PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

WDI I Write Data Input, active high TIL compatible input. 

WO 0 Write Data: encoded write data output, active low. 

PCS I Precomp Set: used to set the magnitude of the write pre-compensation time shift via 
an external capacitor, Cp to VPA2 and an external resistor, Rp to AGND2. 

EARLY I Early pin: TTL compatible input shifts Write Data pulses earlier in their relative 
position; EARLY and LATE cannot be active simultaneously. 

LATE I Late Pin: TTL compatible input shifts Write Data pulses later in their relative position. 
LATE and EARLY cannot be active simultaneously. 

DAD 0 DELAYED READ DATNPLL REFERENCE: An open emitter ECL output test point. 
The positive edges of this signal indicate the data bit position. The positive edges of 
ORD and VCO CLK can be used to estimate window centering. The time jitter of 
DRDs positive edge is an indication of media bit shift. Two external resistors are 
required to observe this signal. They should be removed during normal operation for 
reduced power dissipation. This pin is multiplexed so that when RG is high, ORD is 
output and when RG is low, the PLL reference oscillator is output. 

VCO CLK* 0 VCO CLK: An open emitter ECLoutputtest point. Two external resistors are required 
to perform this test. They should be removed during normal operation for reduced 
power dissipation. 

* Not available on 52-pin package 

ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VPA1, VPA2, VPD 

Pin Voltage (Analog pins) 

Pin Voltage (All others) 

Storage Temperature 

Lead Temperature (Soldering 10 sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

Supply Voltage (VPA1, 2 & VPD) 

Tj Junction Temperature 

5-36 

RATING 

6.0 

-0.3 to VPA 1, 2 + 0.3 

-0.3 to VPD + 0.3 
or +12 mA 

65 to 150 

260 

MIN NOM 

4.75 5.0 

25 

UNIT 

v 
v 
v 

oc 
oc 

MAX UNIT 

5.25 v 
135 oc 
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POWER SUPPLY 

PARAMETER CONDITIONS 

IVPA1, 2 Supply Current Outputs unloaded; SLEEP, 
IVPD SERVO = high or open 

Pd Power dissipation Ta = 25°C ou!Q!Jts unloaded 

SLEEP= low, 
Ou!Quts unloaded 

SERVO = low, SLEEP = high 
Outputs unloaded 

LOGIC SIGNALS 
*Output load is a 4K resistor to SV and a 1 O pF capacitor to DGND. 

VIL Input Low Voltage 
t---

VIH Input High Voltage 

Ill Input Low Current VIL= 0.4V 

Ill WG Input Low Current VIL= 0.4V 

llH Input High Current VIH = 2.7V 

VOL Output Low Voltage IOL =4.0 mA 

VOH Output High Voltage IOH = -400 µA 

VIHX XTAL 1 Input High 
Voltage 

---1 

VILX XTAL 1 Input Low 
Voltage 

VOHT Test Poin Output High 26Hl to VPD, 420Q to DGND 
Voltage for DRD and 
VCOCLK 

VOLT Test Point Output Low 
Voltage for ORD and 
VCOCLK 

VTIH Input High Level Input Activates sync test mode. 
Voltage at COUT pin. VPA2 = 5.02V 

VTIL Input Low Level Input De-activates sync test mode. 
Voltage at COUT pin. VPA2 = 5.0V 

RDIH Input High Level Input Drives data synchronizer in 
Voltage at DOUT pin. in sync test mode. 

VPA2 = 5.0V 

ROIL Input Low Level Input 
Voltage at DOUT pin. 
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MIN 

-0.3 

2.0 

0.0 

0.0 

2.7 

2.6 

4.8 

4.8 

SSI 32P5481 /5482 
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NOM MAX UNIT 

80 mA 

400 500 mW 

3 5 mW 

200 250 mW 

0.8 v 
VCC+0.3 v 

-0.4 mA 

-0.8 mA 

100 µA 

0.5 v 
v 
v 

1.4 v 

4.2 v 

3.6 v 

v 

4.2 v 

v 

4.2 v 



SSI 32P5481 /5482 
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MODE CONTROL 

PARAMETER 

TDRW Read to Write 
Transition Time 

TDWR Write to Read 
Transition Time 

TDH HOLD On to/from 
HOLD Off Transition 
Time 

TDRG RG Time Delay 

TDSL Power Shutdown Mode 
to/from Read/Write 
delay time. 

TDOFF Read/Write Mode to 
power shutdown mode 
delay lime. 

TDSLX Power shutdown mode 
to/from Read/Write 
delay time. 

TDSE Servo mode to/from 
Read/Write delay time. 

PWIMS Low Input Impedance 
Pulse Width 

PWFDC Fast Discharge Pulse 
Width 

READ MODE WG is low 

AGC AMPLIFIER 

CONDITION MIN NOM MAX UNIT 

WG pin low to high 1.0 µs 

WG pin high to low 0.5 0.9 1.3 µs 
AGC setting not included 

HOLD pin high to/from low 1.0 µs 

100 ns 

Settling time of external 50 µs 
capacitors not included. 
XT AL 1 driven by external 
TTL source. 

Settling lime of external 2000 µs 
capacitors not included 

Including XTAL oscillator turn 500 ms 
on/off settling lime 

Settling time of external 20 µs 
capacitors not included 

WG pin high to low. Not 0.9 µs 
directly testable. 

--- +--
Follows the end of the IMS 0.9 µs 
pulse. Not directly testable. 

Unless otherwise specified, recommended operating conditions apply. Input signals, 100 mVppd at 2.5 MHz, 
are AC coupled to IN±. OUT± are loaded differentially with >340Q x 2, and each side is loaded with< 1 O pF to 
AGND, and AC coupled to DIN±. A 2000 pF capacitor is connected between BYP and AGND. AGC pin is open. 

GR Gain Range 1.0 Vp-p $(OUT+) - (OUT-) 4 80 VIV 
$ 3.0 Vp-p 

VOS Output Offset Voltage Over entire gain range -200 0 +200 mV 
Variation 

VOMX Maximum Output Set by BYP pin 3.0 Vp-p 
Voltage Swing 

RIN Differential Input (IN+) - (IN-)= 100 mVp-p 5.0 kn 
Resistance @2.5 MHz 

CIN Differential Input (IN+) - (IN-)= 100 mVp-p 10 pF 
Capacitance @ 2.5 MHz 
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AGC AMPLIFIER (Continued) 

PARAMETER CONDITION 

ZCMH Single Ended Input WG = low, IN+ or IN-

Impedance WG = high, IN+ or IN-

VN Input Noise Voltage Gain set to maximum 

BW Bandwidth Gain set to maximum 
referenced to 2.5 MHz 

IOUT OUT+ & OUT- Pin No DC path to AGND 
Current 

CMRR Input Referred (IN+)= (IN-)= 100 mVp-p 
Common Mode @ 2 .. 5 MHz, gain set to max 
Rejection Ratio 

PSRR Input Referred VPA1, 2 = 100 mVp-p 
Power Supply @ 2.5 MHz, gain set to max 
Rejection Ratio 

KAGC (DIN+) - (DIN-) Input 25 mVp-p s (IN+) - (IN-) 
Swing vs. AGC Input s 250 mVp-p, HOLD = high, 

0.5 Vp-p S (DIN+) - (DIN-) 
S 1.5 Vp-p 

~DIN (DIN+) - (DIN-) Input 25 mVp-p s (IN+) - (IN-) 
Voltage Swing S 250 mVp-p 
Variation 

VAGC AGC Voltage AGCopen 

RAGC AGC Pin Input 
Impedance 

ISD Slow AGC Discharge (DIN+) - (DIN-) = OV 
Current 

IFD Fast AGC Discharge Starts at 0.9 µs after WG 
Current goes low, stops at 1 .8 µs 

after WG goes low 

ILK AGC Leakage Current HOLD= low 

ISC Slow AGC Charge (DIN+) - (DIN-) = 0.8 voe, 
Current vary AGC until slow charge 

begins 

IFC Fast AGC Charge (DIN+) - (DIN-) = 0.8 VDC, 
Current VAGC = 3.0V 

FSSP Fast to Slow Attack [(DIN+)-( DIN-)] 
Switchover Point [(DIN+)-( DIN-)]FINAL 
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MIN 

32 

2 

40 

30 

0.9 

0.8 

4.4 

4 

0.10 

-0.2 

-0.12 

-0.9 

SSI 32P5481 /5482 
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NOM MAX UNIT 

1.8 kn 

250 n 

15 nV/v'Hz 

MHz 

mA 

dB 

dB 

1.0 1.1 Vp-p/V 

6.0 % 

1.0 1.2 v 
5.5 6.6 kn 

4.5 6 µA 

0.12 0.14 mA 

0 +0.2 µA 

-0.18 -0.24 mA 

-1.3 -1.7 mA 

125 % 
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AGC AMPLIFIER (Continued) 

PARAMETER 

TGD Gain Decay Time (Td) 

TGA Gain Attack Time 

WRITE MODE WG is high 

PARAMETER 

ZCML Common Mode Input 
Impedance 

HYSTERESIS COMPARATOR 

CONDITION 

(IN+) - (IN-) = 250 mVp-p to 

125 mVp-p@ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 

(IN+) - (IN-) = 50 mVp-p to 
25 mVp-p at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

WG = high to low 
(IN+) - (IN-)= 250 mVp-p 
@ 2.5 MHz, (OUT+) -(OUT-) 
to 11 0% final value 

CONDITION 

MIN NOM MAX UNIT 

12 µs 

60 µs 

2 µs 

MIN NOM MAX UNIT 

250 n 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. WG pin is low. 

IRHC Input Signal Range 1.5 Vp-p 

RHCD Differential Input (DIN+) - (DIN-) = 100 mVp-p 12.5 15 17.5 kn 
Resistance @5MHz 

CHCD Differential Input (DIN+) - (DIN-)= 100 mVp-p 5.0 pF 
Capacitance @5MHz 

RHCC Single Ended Input 3 4 5 kn 
Impedance (Both Sides) 

KLD Level Pin Output 0.6 Vp-p < (DIN+) - (DIN-) 0.75 1 1.25 VNp-p 
Voltage vs. < 1 .5 Vp-p, 1 Okn between 
(DIN+) - (DIN-) LEVEL and AGND1 

VLOS Level Pin Output 1 Okn between TBD mV 
Offset Voltage LEVEL and AGND1 

ZLV Level Pin Output ILEVEL = 0.2 mA 250 n 
Impedance 

ILMX Level pin Maximum 1.5 mA 
Output Current 

KHYS Hysteresis Voltage at 0.3 V < HYS < 1.0V 0.36 VN 
DIN± vs. HYS Pin 
Voltage 
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HYSTERESIS COMPARATOR (Continued) 

PARAMETER CONDITIONS 

IHYS HYS Pin Current 0.5 V < HYS < 1.5V 

VHCOS Comparator Offset HYS pin at AGND 
Voltage :;:; 1.5 kn across DIN± 

VDOL DOUT Pin Output Low 5 kn from DOUT to GND 
Voltage 

VDOH DOUT Pin Output High 5 kn from DOUT to GND 
Voltage 

ACTIVE DIFFERENTIATOR 

MIN 

0.0 

SSI 32P5481 /5482 
Pulse Detector & 

Data Synchronizer 

NOM MAX UNIT 

-10 µA 

5.0 mV 

VPA2. v 
-2.8 

VPA2 v 
-2.4 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+)- (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 1 oon in series with 65 pF are tied from DIF+ to DIF-. 

IRAD Input Signal Range 1.5 Vp-p 

RADD Differential Input (CIN+) - (CIN-) = 100 mVp-p 12.5 15.0 17.5 kn 
Resistance @5MHz 

CADD Differential Input (CIN+) - (CIN-) = 100 mVp-p 5.0 pF 
Capacitance @5MHz 

RADC Single Ended Input Both sides 3.0 4.0 5.0 kn 
Impedance 

KAD Voltage Gain from 3.5kn from DIF+ to DIF- 1 VN 
CIN± to DIF± 

IDIF DIF+ to DIF- Pin Differentiator impedance ±0.7 mA 
Current must be set so as not to clip 

the signal for this current 
level 

VADOS Comparator Offset DIF+, DIF- are AC-coupled 0 5.0 mV 
Voltage 

VCOL COUT Pin Output Low 5 kn from COUT to GND VPA2 v 
Voltage -2.8 

VCOH COUT Pin Output High 5 kn from COUT to GND VPA2 v 
Voltage -2.4 

PWC COUT Pin Output 30 ns 
Pulse Width 
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WG--~ 

I 
Lown----~ 

I .9J1S t-1 ----

Fast Discharge Switch f.9;1._ ___ _ 
I 

(DIN+ - DIN-) 

____ 1 _j 

1--c ff25% 

I I I 
----~I I 

, I . 
Fast Slow 
Attack Attack 

Figure A: AGC Attack Sequence 

WG--~ 

Lown----~ 
I .9"" ._I -----

Fast Discharge Switch r.9P811---.....--
I 

---+-1~ 
-----+--1 I 

1-.....,I I 
, Fast , S1ow , 

Discharge Discharge 

Figure B: AGC Decay Sequence 

FIGURE 7: AGC Timing Diagram 

QUALIFIER TIMING (See Figure 8) 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+)- (CIN-) and (DIN+)· (DIN·) 
are in-place as a coupled, 1.0 Vp-p, 2.5 MHz sine wave. 1 oon in series with 65 pF are tied from DIF+ to DIF-. 
o.sv is applied to the HYS pin. COUT, DOUT and RD has a 5 kn pull-down resistor (for test purposes only.) 
WG pin is low. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TD1 D Flip-Flop Set Up Minimum allowable time 0 ns 
Time delay from (DIN+) - (DIN-) 

exceeding hysteresis 
point to (DIF+) • (DIF-) 
hitting a peak value. 

TD3 Propagation Delay from 15 ns 
Positive Peak to ADO 
Pulse 

TD4 Propagation Delay from 15 ns 
Negative Peak to ADO 
Output Pulse 

pp ITD3-TD41 Pulse Pairing 1.0 ns 

TRDO ADO Pulse Width 24 32 41 ns 

5-42 1191 - rev. 



1191-rev. 

+HYSTERESIS LEVEL 

V(CIN+)- (CIN-) 

SSI 32P5481 /5482 
Pulse Detector & 

Data Synchronizer 

and OV I-+---+----+--_,,_-+---~ 

V(DIN+)- (DIN-) 

-HYSTERESIS LEVEL >-+------+-~----------

DIFFERENTIATOR 
COMPARATOR OUTPUT 

VcouT 

RD TEST PT 
OUTPUT 

FIGURE 8: Read Mode Digital Section Timing Diagram 

SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VREF Reference Voltage 2.0 v 
Range Output 

KBD BURSTA/B Pin Output LATCHA/B = Low 1.0 V/Vp-p 
Voltage vs VBLRSTAB- VREF 
(DIN+) - (DIN-) (DIN+)- (DIN-) 

BVOS BURSTA/B LATCHA/B =Low, -50 +50 mV 
Output Offset (DIN+)= (DIN-) 
Voltage, VsuRsT - VREF 

BVM BURSTA - BURSTS LATCHA/B = low -10 +10 mV 
Output Offset Match (DIN+)= (DIN-) 

RO Output Resistance, 20 n 
BURSTA/B, PES 
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SERVO SECTION (Continued) 
(Unless otherwise specified, recommended operating conditions apply.) 

PARAMETER CONDITIONS MIN 

VOPE PES Pin Output Offset VBURSTA - VBURSTB +VREF -10 
Voltage (DIN+) =(DIN-), 

LATCHNB =Low 

IDC HOLDNB Discharge RST =low, 
Current 

ILC HOLDNB Leakage RST =high, -0.5 
Current LATCHNB =high 

RL Load Resistance, Resistors to VREF 10.0 
BURSTNB, PES 

CL Load Capacitance, 
BURSTNB, PES 

STSU LATCHNB Pin Set TDS1. Figure 14 150 
Up Time 

STH LATCHNB pin Hold TDS2, Figure 14 150 
Time 

TOON Channel NB Discharge RST high ~ low 
Current Turn On Time 

TDOFF Channel NB Discharge RST low ~ high 
Current Turn Off Time 

SYNCHRONIZER SECTION 

WRITE MODE (See Figure 9) 

PARAMETER CONDITIONS MIN 

TWO Write Data Pulse Width CL$ 15 pF (TORC/2)-12 
-1.65 TPCO 

-TPC 
-12 

TFWD Write Data Fall Time 2.0V to 0.8V, CL$ 15 pF 

TSWD Write Data Input Setup Either edge of WDI to 15 
Time either edge of RRC 

THWD Write Data Input Hold Either edge of RRC 3 
Time to either edge of WDI 

TSP EARLY/LATE Input Setup Falling edge of EARLY/ 15 
Time LATE to either edge of RRC 

THP EARLY/LATE Input Hold Rising edge of EARLY/ 10 
Time LATE to either edge of RRC 

·-
TPC Precompensation Time TPCO = 0.155 Rp Cp 0.8TPCO 

Shift Magnitude Accuracy Rp = 1K to 2K 
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NOM MAX UNIT 

+10 mV 

1.5 mA 

+0.5 µA 

20.0 kQ 

20 pF 

ns 

ns 

150 ns 

150 ns 

MAX UNIT 

(TORC/2)+ 12 
-1.65 TPCO 

-TPC 
+12 ns 

8 ns 

ns 

ns 

ns 

ns 

1.2TPCO ns 
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READ MODE 

PARAMETER CONDITIONS 

TRAC Read Clock Rise Time o.av to 2.ov, CL s; 15 pF 

TFRC Read Clock Fall Time 2.ov to o.av, CL s; 15 pF 

TSRD Read Data Pulse Width 

TRSRD Read Data Rise Time o.av to 2.ov, CL s; 15 pF 

TFS RD Read Data Fall Time 2.ov too.av, CL s; 15 pF 

TPSRD SRO Output 
Setup/HoldTime 

TD 1/4 Cell + 1 F Detect TD = 3.31 (RR + Z) + 
Delay, Excluding 0.1 •Rd (Cd+ Cs) 
External Capacitor and RR= 2.7k to 8k 
Resistor Tolerances Rd= 10k to 20k 

Cd= 62pF to 100 pf 
Cs = stray capacitances 

TDS 1/4 Cell+ 1F Detect Stability over temperature 
and supply 

MIN 

SSI 32P5481 /5482 
Pulse Detector & 

Data Synchronizer 

NOM MAX UNIT 

8 ns 

5 ns 

(TORC/2)-2 TORC/2 (TORC/2)+2 ns 

10 ns 

8 ns 

-15 15 ns 

0.89 TD TD 1.11 TD ns 

-4 +4 % 

WINDOW SYMMETRY CONTROL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM 

TWSS WSO, WS1, WSD 50 
Set Up Time 

TWSH WSO, WS1, WSD 0 
Hold Time 

wo1 ______ ___,X..__--Jx= 
RAC 

I TSWD I THWD I 

'~-~/ 
2.0V 

1.5V V ,/ 
a.av 1.57 

f'--TWD--1 
--I f'--TFWD 

FIGURE 9: Write Mode Timing 
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DATA SYNCHRONIZATION 

PARAMETER 

TVCO VCO Center Frequency 
Period 

VDR VCO Frequency 
Dynamic Range 

KVCO VCO Control Gain 

KD Phase Detector Gain 

*KPA KVCO x KD Product 
Accuracy 

*PRE VCO Phase Restart Error 

OWCA Decode Window 
Centering Accuracy 

ow Decode Window 

TS1 Decode Window Time 
Shift Magnitude 

TS2 Decode Window Time 
Shift Magnitude 

TS3 Decode Window Time 
Shift Magnitude 

TSA Decode Window Time 
Shift Magnitude 

CONDITIONS 

VCO IN= 2.7V 
TO= 6.621 (RR + 2) 
VPA2. = 5.0V TO (ns) RR (kzQ) 
2.7kQ <RR< 8kQ 

1.0V s; VCO IN s; VPA2-0.6V 
VPA2. = 5.0V 

roo = 27t/ TO VCO In= 2.7V 

KD = 0.62 / (RR+527) 
VPA2 = 5.0V, 2.7kn < RR< Bkn 

TS1 = 0.015 TORC 
WSO = O; WSI = 1 

TS2 = 0.06 TORC 
WSO = 1; WSI = 0 

TS3 = 0.075 TORC 
WSO= O; WSI = 0 

TVIM•OlaTlllC•(I•~ 

• Not directly testable; design characteristics 

MISCELLANEOUS TIMNG 

PARAMETER CONDITIONS 

RWTD RG, WG Time Delay 
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MIN 

0.8TO 

±27 

0.14 CllO 

0.83 KO 

-28 

-0.01 TORC 
-2 

(TORC/2)-2 

MIN 

NOM MAX UNIT 

TO 1.2TO sec 

±34 ±40 % 

±0.17 0.20 CllO rad/s V 
CllO 

KO 1.17 KO A/rad 

0 +28 % 

4 ns 

0.01 ns 
TORC +2 

ns 

TWS1 ns 

TWS2 ns 

TWS3 ns 

TWSA ns 

NOM MAX UNIT 

100 ns 
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RRC 

I TPSRD I TPSRD I ... .... ... 

SSI 32P5481 /5482 
Pulse Detector & 

Data Synchronizer 

SRD 1.5V 1.5V 4 2.0V ~, 2.0V 

o.av o.av 
~~~~~ ~~~~~~~~ 

j.--rsRD ~ 
TRSRD -+I ~ -+I ~ TFSRD 

FIGURE 10: Read Mode Timing 

1.5V 

FIGURE 11: Window Symmetry Control Timing 

TRRC TFRC 

~ ~ ~ ~ 
2.0V 2.0V 

RRC 1.5V 1.5V 
a.av o.sv 
, ... TORC .., 

FIGURE 12: RRC Timing 
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DRD_Jl n ~ 
11 1°1°1°l 1 l 0 l 0 J11°l 0 I 

SDO ~1.5V / 

~TD->j 

FIGURE 13: SDO Timing 

VASTA 

VL:::~s3j--+-~ _J rTds4~~--
A CHANNEL l.r-

DISCHARGE CURRENT 

BCHANNEL 
DISCHARGE CURRENT 

---~ 

v.~:~: ~::: : f911 I I I I I I I I I I I I I I 
Ve~~~~:::~ : I I I I I I I I J=d=d I I I I I I I 

FIGURE 14: Servo Read Mode Timing 
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APPLICATIONS INFORMATION 

The SSI 32P5481/5482 PLL uses a new architecture 
which incorporates an accurate quarter cell delay circuit. 
The standard architecture of a data synchronizer PLL 
is shown in Figure17A. In read mode, the rising edge of 
the quarter cell delay enables the phase detector, and 
the falling edge is locked to the VCO. Ideally, the 
quarter cell delay enables the phase detector one half 
of an encoded bit cell time before the phase comparison 
takes place. A data bit could then shift early or late by 
one half of an encoded bit cell time before a phase 
detector output error would occur. If the quarter cell 
delay is not exactly one half of an encoded bit cell time, 
a phase detector error will occur when the read data 
shifts by an amount that is smaller than one half of and 
encoded bit cell time when shifting in one direction and 
an amount larger than one half of an encoded bit cell 
time in the other direction. In addition, when an error 
occurs, the resulting charge pump output goes from 
maximum output one way to maximum output the other 
way. This can cause loss of lock to occur. Thetiming is 
shown in Figure 18. 

The 32P5481/5482 achieves an accurate quarter cell 
delay time by using the VCO control voltage to 
compensate the quarter cell delay one-shot circuit for 
process, temperature and power supply induced timing 
variations. The modified architecture of the 32P5481/ 
5482 data synchronizer is shown in Figure 198. Because 
the quarter cell delay timing is adjusted by the VCO 
control voltage, there is an effect on the PLL transfer 
function due to the new quarter cell delay circuit. 

The quarter cell delay circuit produces a time delay 
output in response to a voltage input. In order to include 
this function in a phase-locked loop, the time delay 
function must be converted into a phase function. This 
is straightforward, since a time delay is equivalent to a 
phase angle. The equivalent phase representation of 
the quarter cell delay is derived below. 

For the VCO: K - droo 
0 - dV 

(1a) 

where: 

SSI 32P5481 /5482 
Pulse Detector & 

Data Synchronizer 

K0 = VCOgain 
ro0 = VCO center frequency (rad/s) 
f 0 = VCO center frequency (Hz) 
T0 = VCO center frequency (sec) 

For the quarter cell delay, 

K =dqo=2itadTo=-aT dwo=-aTK 
T dV T dV 0 dV 0 0 

where: 0 

00 = Phase due to quarter cell delay circuit 
T0 = VCO center frequency period 
T0 = Quarter cell delay time 
a= T JT0 = 0.5 for the 32P5481/5482 

The gain of the quarter cell delay block is constant in 
the 32P5481/5482, regardless of the values of other 
components. 

For the 32P5481/5482, the nominal value of KT is 
0.177t. 

PLL TRANSFER FUNCTION 

There are two modes of operation of the PLL, and two 
transfer functions. In write and idle modes, the PLL is 
locked to the reference oscillator, and the quarter cell 
delay does not enter into the transfer function. In read, 
mode, the PLL is locked to read data, and the quarter 
cell delay is included in the transfer function. In addi­
tion, the effective loop gain of the PLL increases in idle 
mode due to the phase detector. This will be explained 
later in more detail. 

The transfer functions for read and idle modes are 
given in (3) and (4), respectively. 

e0 (s) 

er(s) 

(3) 

(4) 

(1b) 

dT0 _ ~[-1-J = __ 1_ dfo = _ T 2 dfo =- To2 dwo 
dV - dV f 0 fo2 dV o dV 2it dV 

Bo(S) 
Br(s) 
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where: 

Kr = Quarter cell delay one-shot gain 
K0 = VCOgain 
Kd = Phase detector gain 

F(s) = Loop filter transfer function 
n = Ratio of input freq. to reference freq. 

In (3) the K term in the denominator is a result of the 
quarter cell delay. Substituting Kr= a.K0 T 0 into (3), 

nK0 KdF(s) 
Bo(S) S 
Br(s) 1 (1 T. ) nK0 KdF(s) 

+ -Sa 0 S 

The additional -sa.T0 term in the denominator due to 
the quarter cell delay introduces positive feedback. 
However, the gain of the positive feedback is always 
less than one, so there is no instability. The additional 
term is not always negligible, and must be taken into 
account in the loop analysis and design. 

Two loop filter configurations, shown in Figure 15, will 
be considered. Both filters result in a second order type 
2 loop transfer function, with only minor differences in 
the loop equation. 

FIGURE 15: Loop Filter 

The transfer function of the loop filter for a charge­
pump PLListhetransimpedance, V JI. (s), where V 0 (s) 
is the output voltage, and I. (s) is the i~put current. The 
transfer functions of (a) ar\d (b) are given by: 

sR1C1+1 
(6) 

(7) 

For loop filter .(a), C is normally chosen to be much 
smaller than C so that it does not affect the loop transfer 
function significantly. Assuming the C .. C and sRC " 1 
at the frequencies of interest, (6) reduces to: 

Fa(s) sR1~1+1 
s 1 

(8) 

For loop filter (b), C is normallly chosen to be much 
smaller than C, so that it does not affect the loop 
transfer function significantly. Assuming the C .. C and 
that sRC .. 1 at the frequencies of interest, (7) reduces 
to: 

(9) 

Equations (8) and (9) are the same, and either loop 
filter may be used. Substituting (8) into (3) gives: 

(10) 

nKoKd ( sR1C1+1) 
00(s) C1(1-aT0nK0KdR1) 

Or(s) 2 nKoKd (R aT0 ) nK0 Kd 
5 +s1-aT0nK0KdR1 1-C1 +C1(1-aTonK0KdR1) 

This is in the form of a standard second order transfer 
fucntion. The denominator has the form: 

D(s) = s2 + 2~rons + ron2 (11) 

where: ~ =damping factor 
ro0 = natural frequency 

The damping factor and natural frequency of (.10) can 
be extracted: 

5-50 

nK0 Kd (12) 

con= C1 (1-aT0 nK0 KdR1) 

(13) 

Substituting (8) into (4) gives the transfer function for 
idle mode: 

B0 (s) 

Br(s) 

(14) 
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Again, this is in the form of a second order transfer 
function. The damping factor and natural frequency are 
found to be: 

(15) 

(16) 

To design the loop for proper read mode operation 
using (12) and (13), R, and C, must be found in terms 
of the damping factor and natural frequency. 

To do this, first find IJron. then solve for R1C1• 

(17) 

Substitute this value for R1C1 into the equation for con 
and solve for C1• 

nK0Kd ( 2' ) (1S) CF--2-+aT0 nK0 Kd -+aT0 
wn wn 

Now that C1 is known, R, can be found by dividing (17) 
through by c,. 

EXAMPLE 1 

Assume that the data rate is 1 O Mbit/s, a 3T preamble 
pattern is used, and that con = 106 and C = 0.707 are 
desired. 

For the SSI 32P5481/5482: 
RA = 50/DR - 1.7 k.Q 

K0 = 0.17ro0 =21.4•106 

Kd = 0.62/(RA+500) = 160 • 106 

KT = 0.177t = 0.534 

Due to the 3T preamble pattern, the input frequency is 
one third the VCO frequency, son= 1/3. 
ro0 = 27t(2•107),cx=0.5,andT0 =1/(20•106)=50ns 
C, 1160pF+41.9pF=1.21nF 
R1 = 1.20 k.Q 
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The resulting loop filter is shown in Figure 16. 

FIGURE 16 

The value of C2 = C1/10 is chosen to damp out 
transients on the FIL T pin and meet the requirement 
C2 "C1. 

When the loop locks to the reference oscillator in idle 
mode, the looptransferfunction is given by (14), and con 
and C are given by (15) and (16). R1 and C1 from 
Example 1 can be substituted into these equations to 
find the resulting natural frequency and damping factor 
in idle mode. 

EXAMPLE 2 

When locking onto the reference oscillator, the input 
frequency is the same as the VCO frequency, son= 1. 
Using the values of R1 and C1 found in Example 1, the 
values of con and C when locking to the reference 
oscillator are found to be: 

con = 1 . 7 • 1 06 rad/s 
c = 1.23 

• 
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READ 
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REF. 
osc. 

MODE 

X CELL 

DELAY 

LOOP 
FILTER 

r--~--1 vco r--.,.-~ 

FIGURE 17A: Standard Configuration of a Data Synchronizer Phase-Locked Loop 

IDEAL READ 
DATA PULSE 

ACTUAL READ 
DATA PULSE 

QUARTER CELL 
DELAY OUTPUT 
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PHASE DETECTOR 
i - - - - - - - - - - - - - - - -I 

I - - - -

LOOP 
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F(s) 
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s 

FIGURE 178: Phase-Lock Loop System Representation 

PHASE DEbti1~~~ 0 ---------~ 
·lo 

FIGURE 18A: Phase Detector Timing with Ideal Quarter Cell Delay. For an ideal pulse (1), there is no phase 
detector output. When a pulse is shifted late (2) or early (4) by less than the quarter cell delay time, the phase 
detector output is negative or positive, respectively. When the read data is shifted late (3) or early (5) by more than 
the quarter cell delay time, a phase detector output polarity error occurs. In this case, the output polarity becomes 
positive for a late shifted pulse and negative for an early shifted pulse. 
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READ DATA 

QUARTER CELL 
DELAY OUTPUT 

CASE 1: DEL.AV OUTPUT IS EXACTLY 

h BIT CELL T1"' T2 

CASE 2: DELAY OUTPUT JS GREATER THAN 

Xi BIT CELL TIME. T1 < T 2 
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CASE 3: DELAY OUTPUT IS LESS THAN 

Xi BIT CELL T!ME. T1 :.. T 2 

FIGURE 188: Timing of Phase Detector Enable Logic. The read data input pulse can shift to the left byT1 and 
to the right by T2 before an error occurs in the phase detector output polarity, If the quarter cell delay output is not 
exactly 1/4 bit cell wide, then T1 * T2, as shown in cases 2 and 3. 
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FIGURE 19A: Modified Data Synchronizer Phase-Locked-Loop with Quarter Cell Delay Control 
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FIGURE 198: Modified Data Synchronizer System Representation 
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DESCRIPTION 
The SSI 32P4622 combines pulse detection and data 
synchronization electronics into a single high-perform­
ance bipolar integrated circuit. It provides advanced 
features like programmable data rate, and write pre­
compensation control. Data synchronization is per­
formed with a fully integrated high-performance PLL. 
The VCO frequency setting elements are incorporated 
into the SSI 32P4622 for enhanced performance and 
reduced board space. Data rate is programmed by a 
single external resistor or a DAC in constant-density 
recording applications. The SSI 32P4622 has been 
optimized for use with the SSI 32F8011 programmable 
filter. The SSI 32P4622 operates from a single +5V 
power supply and is available in 52-pin QFP, PLCC 
packages. 

FEATURES 

• 10-24 Mblt/s date rates 

• High performance pulse detector 
- Wide bandwidth AGC 
- Dual Rate charge pump 
- Amplitude pulse qualification 

• High performance data synchronizer 
- Fast aquisltlon PLL, using zero phase restart 
- Programmable write precompensation 
• 1, 7 ENDEC 

• Supports Constant-Density Recording 
appllcatlons 
- Programmable data rate 

• Servo burst output available 

• Supports external read channel margin testing 

• Low power, +5 volt only operation 

• Available In a 52-pln QFP, and a 52-pin PLCC 
package 
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CIRCUIT DESCRIPTION 
The circuit is intended to be used as a read pulse 
detector and data/clock recovery circuit for 1 , 7 ALL 
code in hard disk drive systems with a +5V supply. A 
circuit block diagram is shown in Figure 5. 

MODE CONTROL 

The function of the SSI 32P4622 is controlled by the 
CHIP _EN, SERVO_EN, WG, RG, HOLD, AND SHORT 
pins. Additionally, the chip can be configured through 
the PULSE DETECTOR MODE CONTROL register 
and the DAT AICLOCK RECOVERY MODE CONTROL 
register, both of which are loaded through the serial 
digital interface. 

When reading or writing data the CHIP _EN pin should 
be high or open circuited. When the CHIP _EN pin is 
pulled low and the SERVO_EN pin is pulled high the 
chip data/clock recovery section is disabled. This mode 
is intended for monitoring servo data in a low power 
mode when data is not being read or written. When the 
CHIP _EN and SERVO_EN pins are pulled low the chip 
goes into a low power state. 

The input AGC amplifier, pulse detector and write 
driver sections of the circuit are controlled by the WG 
pin and are placed in the read mode when the WG pin 
is low and in write mode when the WG pin is high or 
open. The write driver is active during write and inactive 
during read. 

The RG pin controls what signal the data/clock recov­
ery PLL locks to. When RG is high the PLL locks to the 
signal from the pulse detector input. Normally this is the 
signal from the pulse detector but the signal can be 
externally supplied from the RD pin for testing by set­
ting the appropriate control register bit. When RG is low 
the PLL locks to an external reference supplied at the 
FREF pin. 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

II 
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CIRCUIT DESCRIPTION (Continued) 

AUTOMATIC GAIN CONTROL CIRCUIT 

An amplified head output signal, such as the output of 
the SSI 32R117, 501, 510 or 32R4610 read/write 
circuits, is AC coupled to the IN1 + and IN1- inputs. 
When WG is high or when SHORT is high the pulse 
detect digital circuitry is disabled and the input imped­
ance of the input AGC stage is reduced to allow more 
rapid settling of the input coupling capacitors from the 
read/write circuit upon transition to the read mode. 
Transition timing to read is controlled to allow settling 
of the coupling capacitors between the read/write cir­
cuit and the SSI 32P4622 before the AGC circuitry is 
activated when going to the read mode. Coupling 
capacitors should be chosen with as low a value as 
possible consistent with adequate bandwidth to allow 
more rapid settling. Also, when SHORT is high the 
AGC circuit enters the read mode in a maximum gain 
state and can rapidly attack to the desired level. 

The HOLD pin controls the input AGC stage automatic 
gain circuit. When CHIP _EN or SERVO_EN is high, 
HOLD is high and WG and SHORT are low the input 
AGC amplifier is controlled to keep a constant read 
data peak level. When the HOLD pin is pulled low the 
gain of the analog circuit is held at the level determined 
when the HOLD pin was high (the gain will slowly drift 
due to leakage). 

In the read mode the level at the input to the DIN+, DIN­
pins is controlled by full wave rectifying the level at 
these pins and comparing it to a reference level sup­
plied at the AGC pin. When the input level at the DIN+, 
DIN- input is greaterthan about 125% the desired level 
as set by the AGC pin the circuit is in a fast attack mode 
and will supply about 1. 7 mA of discharge current atthe 
GAIN pin. When the circuit is not in fast attack and the 
input level is above 100% of the desired level the circuit 
enters a slower attack mode and will supply about 
0.18mA of discharge current. This allows the AGC 
amplifier to rapidly recover when going from write to 
read but reduces zero crossing distortion once the 
AGC amplifier is in range. There is an on-chip fixed 
slow decay current source. When the slow attack 
threshold has not been reached for a specified amount 
of time the circuit assumes the signal is too low and 
goes into a fast decay mode. The fast attack and fast 
decay modes can be disabled with the fast attack/ 
decay control bit in the PULSE DETECTOR MODE 
CONTROL register. 
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The AGC pin is internally biased so that the target 
differential voltage input at the DIN+/- pins is 1.0 Vp-p 
at nominal conditions. The AGC voltage can be modi­
fied by tying a resistor between AGC and ground or 
VPA. A resistor to ground decreases the voltage level 
while a resistor to VPA increases it. The resultant AGC 
voltage level is: 

v 

Rini Rex! 

VAGC = (5-V) Rini 
Rini+ Rext 

Rini 

5V 

v 

where: 
V=Voltage at AGC with pin open(2.19V, nom.) 
Rint = AGC pin input impedance (6.7 kn, typ.) 
Rx = External resistor 

The new DIN+/- input target level is nominally 0.48 Vp­
p/VAGc. 

Gain of the AGC amplifier is nominally: 
Av = Gain of the AGC stage 

= K1 x exp[K2 x V(GAIN)] 
where: 

.Av= Gain of AGC stage 
V(GAIN) = Voltage on the gain pin 

READ MODE DIGITIZING SECTION 

In the data path the signal is sent to a hysteresis 
comparator. The comparator hysteresis level can be 
set at a fixed level or, with the addition of an external 
filter network, can be set as a fraction of the signal level 
as shown in the circuit block diagram. The latter ap­
proach allows setting the AGC circuit decay and slow 
attack times slow enough to minimize distortion of the 
signal going into the clocking path and setting a shorter 
time constant for the hysteresis level. Thus when 
switching to a head with a different output level or when 
switching from write to read the circuit is properly 
decoding data before the AGC circuit gain has settled 
to its final steady state level. In addition, the hysteresis 
threshold level can be set from the serial data port. The 
output of the hysteresis comparator is sent to the "D" 
input of a D flip-flop. The DOUT pin provides the TTL 
compatible comparator output digital signal for testing 
purposes and, if required, for use in the servo circuit. 
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In the clocking path the signal is sent to a differentiator 
circuit whose characteristics are set by external com­
ponents. The output of the differentiator circuit is sent 
to an edge trigger circuit which creates an output pulse 
on every zero crossing of the output of the differentia­
tor. The output of the edge trigger is the clock input of 
the D flip flop. The COUT pin provides the edge trigger 
output signal for testing purposes. 

During normal system operation the differentiator cir­
cuit clocks the D flip-flop on every positive and negative 
peak of the signal input to DIN+,DIN-. The data path D 
input to the flip-flop only changes state when the signal 
applied to the DIN+, DIN- inputs exceeds the hyster­
esis comparator threshold in a polarity opposite the 
polarity of the peak which last exceeded the threshold. 
Therefore, the clocking path determines signal timing 
and the data path blocks spurious peaks if they do not 
exceed the hysteresis comparator threshold. Figure 7 
shows circuit operation of the digital section. The two 
digital signal path delays between the DIN+, DIN­
inputs to the flip-flop CK input and the DIN+, DIN­
inputs to flip-flop D input are well matched. 

SERVO BURST CAPTURE SECTION 

The circuit provides a full wave rectified output of the 
signal appearing at the DIN+/- inputs at the SER_ OUT 
pin and a servo reference level at the SER_REF pin for 
use in embedded servo recovery. 

DATA/CLOCK RECOVERY CIRCUIT 

The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which util­
ize a 1,7 ALL encoding format. In the read mode the 
circuit performs data synchronization, sync field search 
and detect, address mark detect, and data decoding. In 
the write mode, the circuit converts NAZ data into the 
1,7 ALL format described in Table 3, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. The interface 
electronics and architecture of the circuit have been 
optimized for use as a companion device to the SSI 
32C452, SSI 32C4640 or AIC 010 controllers. 

The data rate is established by a single 1 % external 
resistor, RR, connected from the IREF pinto VPA. This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1 /3 cell delay. The value of this resistor is given by: 
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92.6 -1. 7 (Kn) 
DR 
where: DR =data rate in Mbit/s 
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In a constant density recording application the IREF pin 
can be driven by a DAC such as contained in the SSI 
3204661. 

An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer­
ence for the PLL. An attenuated external TTL compat­
ible reference or an AC coupled ECL source at three 
times the data rate should be applied to the 'FREF' pin. 

The device employs a Dual Mode Phase Detector; 
Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of a DYLD DATA pulse. In the Write and Idle modes the II 
Non-Harmonic Phase Detector is continuously en-
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DL YD DATA is elimi-
nated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win­
dow. Read Gate, RG, initiates the PLL locking se­
quence and selects the PLL reference input; a high 
level (Read Mode) selects the internal RD input and a 
low level selects the crystal reference oscillator. 

In the Read Mode the falling edge of ORD enables the 
Phase Detector while the rising edge is phase com­
pared to the rising edge of the VC0/2. As depicted in 
Figure 1, ORD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is devel­
oped from the VC0/2 clock. By utilizing a fully inte­
grated symmetrical VCO running at three times the 
data rate, the decode window is insured to be accurate 
and centered symmetrically about the rising edges of 
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DAD. The accuracy of the 1 /3 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of the decode window. 

In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error:<> 1 rads), the 
acquisition time is substantially reduced. 

SOFT SECTOR OPERATION 

Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 

7M0" 7M0M 11"Q"11"0" 

I~ ~ ~14 , •• 3T" .! 

_I AG ENABLE 

BIT 
SYNC 

ADDRESS MARK DETECT 

ID/ECC ENC_ 
DATA 

In Soft Sector Read Operation the SSI 32P4622 must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark consists of 
two (2) 7 "O" patterns followed by two 11 "O" patterns. To 
begin the read lock sequence the "Hard/Soft" bit in the 
data recovery mode control register is set to "O." The 
Address Mark Detect (AMD) circuitry then initiates a 
search of the read data (RD) for an address mark. First 
the AMD looks fora set of 6 "O's" within the 7 "O" patterns. 
Having detected a 6 "O" the AMD then looks for a 9 "O" 
set within the 11 "O's". If AMO does not detect 9 "O's" 
within 5 RD bits after detecting 6 "O's" it will restart the 
Address Mark Detect sequence and look for 6 "O's." 
When the AMD has acquired a 6 "O," 9 "O" sequence the 
AMD transitions low. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain­
der of the read lock sequence. When RG is asserted an 
internal counter counts transitions of the incoming 
Read Data, (positive transitions for RD ECL, negative 
transitions for RD TIL). Once the counter reaches 
count 3 (finds (3) consecutive 3T preamble) the internal 
read gate enables switching the phase detector from 
the reference oscillator to the delayed Read Data input 
(ORD); at the same time a zero phase (internal) restart 
signal restarts the VCO in phase with the ORD. This 
prepares the VCO to be synchronized to data when the 
bit sync circuitry is enabled after VCO lock is estab­
lished. 

VCO LOCK & BIT SYNC ENABLE 

When the internal counter counts 16 more "3T" or a 
total of 19 read data transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the ARC source switches from the reference oscil­
lator to the VCO clock signal which is phase locked to 
DAD. The VCO is assumed locked at this point. A 
maximum of 2 RAC time periods may occur for the 
ARC transition, however, no short duration glitches will 
occur. After the bit sync circuitry sets the proper de­
code window (VCO in sync with RAC and ARC in sync 
with data) NAZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 
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HARD SECTOR OPERATION 

READ MODE 

I 19 "3T" I 
4 • 

BIT 
SYNC 

IDIECC DATA- -

In hard sector operation AMO remains inactive. A hard 
sector read operation does not require an address 
mark search but starts with a preamble search as with 
soft sector and sequences identically. In all respects, 
with exception to the address mark search sequence, 
hard sector read operation is the same as soft sector 
read. 
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WRITE MODE 

In the write mode the SSI 32P4622 converts NAZ data from 
the controller into 1,7 RLL formatted data for storage on the 
disk. The SSI 32P4622 can operate with a soft or hard sector 
hard drive. 

In soft sector operation the device generates a '7, 7, 11, 11" 
Address Mar1<, and a preamble pattern. 

In the hard sector operation the device generates a 19 x ''3T' 
preamble pattern but no preceding Address Mar1<. Serial 
NRZ data is clocked into the SSI 32P4622 and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK input. The 
WCLK input is a feature provided for operation in an ESDI 
application to compensate for large cable delays. In SCSI or 
ST506 operation, WCLK is connected directly to the RRC 
output. 

Write precompensation circuitry is provided to compensate 
for media bit shift caused by intersymbol interference. The 
SSI 32P4622 recognizes specttic write data patterns and 
can add or subtract delays in the time position of write data 
bits to counteract the read backbit shift. The magnitude of the 
time shift, TPC, is determined by a combination of the RR 
value and of an external resistor on the WCS pin. 

The SSI 32P4622 performs write precompensation accord­
ing to the algorithm outlined in Table 3. 

1,7RLLOATA 

SOFT SECTOR 

SSI 32P4622 
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Data Separator 

In soft sector operation, when Read Gate (RG) transi­
tions low, VCO source and RRC source switch from RD 
and VC0/3, respectively, to the reference crystal. Atthe 
same time the VCO (internal) lock goes inactive but the 
VCO is locked to the reference crystal. After a delay of 
1 NRZ time period (min) from RG low, the Write Gate 
(WG) can be enabled while NRZ2 is maintained (NRZ 
write data) low. The Write Address Mark (WAM) is made 
active (low) a minimum of 1 NRZ time period later. The 
Address Mark (consisting of 7 "O's,'' 7 "O's," 11 "O's, "11 
"O's") and the 19 x "3T" Preamble is then written by 
WOO. WON RZ goes active at this point and after a delay 
of 5 NRZ time periods begins to toggle out WOO 
encoded data. Finally, at the end of the write cycle, 5 
NRZ of blank encoded time passes to insure the en­
coder is flushed of data; WG then goes low. 

HARD SECTOR 

In hard sector operation, when read gate (RG) transi­
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector but 
the AMENB (address mark enable) is kept low. 

The SSI 32P4622 then sequences from RG disable to 
WG enable and WDNRZ active as in soft sector opera­
tion. 

DECODE WINDOW• 1414-----~~14-----~~14-----.i~I 
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PHASE DET 
ENABLE • 

RRC 

NRZ BIT CELL 

_____ __, 

NOTE: • Denotes internal signal 

FIGURE 1: Data Synchronization Waveform 
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1 WORD BIT 
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~ D3 x D4 x NRZ DATA 

I 

Y3 ~ Y1 1,7 CODE 

NEXT 
fCODEWORD 

FIRST BIT 

FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 

TABLE 1: 1, 7 RLL Code Set 

PREVIOUS 
CODEWORD DATA BITS 

LAST BITS PRESENT NEXT CODE BITS 

x 0 1 0 0 x 1 0 1 

x 0 1 0 1 x 0 1 0 

x 0 1 1 0 0 0 1 0 

x 0 1 1 . . 1 0 0 

1 0 0 0 0 x 0 0 1 

1 0 0 0 1 x 0 0 0 

0 0 0 1 0 x 0 0 1 

0 0 0 1 1 x 0 0 0 

x 1 0 0 0 x 0 0 1 

x 1 0 0 1 x 0 1 0 

x 1 0 1 0 0 0 1 0 

x 1 0 1 . . 0 0 0 

Y2' Y3' 01 02 03 04 Y1 Y2 Y3 

X = Don't care . = Not all zeros 
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TABLE 2: Clock Frequency 

WG RG VCOREF ARC 

0 0 XTAU2 XTAU3 

0 1 RD VC0/3 

1 0 XTAU2 XTAU3 

1 1 XTAU2 XTAU3 

DECCLK ENCCLK 

XTAU2 XTAU2 

VC0/2 XTAU2 

XTAU2 XTAU2 

XTAU2 XTAU2 

SSI 32P4622 
Pulse Detector & 

Data Separator 

MODE 

IDLE 

READ 

WRITE 

IDLE 

Note 1: Until the VCO locks to the new source, the VC0/2 entries will 
be XTAU2. 

2: Until the VCO locks to the new source, the VC0/3 entries will 
be XTAU3. 

TABLE 3: Write Precompensation Algorithm 

BIT BIT BIT BIT BIT COMPENSATION 

n-2 n-1 n n+1 n+2 BIT n 

1 0 1 0 1 NONE 

0 0 1 0 0 NONE 

1 0 1 0 0 EARLY 

0 0 1 0 1 LATE 

LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+ 1 time position. 

EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 

SERIAL PORT OPERATION at ions for the serial port are fairly straight forward. The 
enable line is driven high by the external controller to 
initiate data transfer. While the enable line is high, the 
controller must output eight clock pulses along with 
eight bits of synchronous programming data. The 
32P4622 will internally latch the data on the falling 
edge of the clock pulses. To prevent false data from 
being latched in, only eight clock pulses should be 
provided. The following tables provide register infor­
mation. 

Programming of the 32P4622 internal registers is 
achieved through a three-line serial interface port. The 
interface requires an enable line, data line, and clock 
line. Data is transferred into the serial port in eight bit 
bytes. The first four bits contain the address informa­
tion and the remaining four bits contain the program­
ming data (reference Figure 3). The timing consider-

TABLE 4: Serial Port Register Addresses 

AO A1 A2 A3 DESTINATION 

0 0 0 0 Pulse detector mode control 

1 0 0 0 Data/clock recovery control register 

0 1 0 0 ReseNed 
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SERIAL PORT (Continued) 

TABLE 5: Pulse Detector Mode Control Register Bit Definition 

BITS DESCRIPTION 

DO Fast attack/decay current control 

0 Fast attack/decay enabled 

1 Fast attack/decay disabled 

D1 D2 Hysteresis level control 

0 0 Level always controlled by HYS pin level 

0 1 Level fixed at maximum percent of input level 

1 0 Level fixed at nominal percent of input level 

1 1 Level fixed at minimum percent of input level 

D3 Test Mode 

0 Normal mode: Read mode can be monitored on RD pin. 

1 Test mode: Read data can be sent to the data/clock recovery section by driving the RD pin. 

TABLE 6: Data/Clock Recovery Mode Control Register Bit Definition 

BITS DESCRIPTION 

DO Phase detector enable control bit 

0 Normal mode 

1 Disables the phase detector and allows the VCO to coast (test mode only) 

D1 Hard/soft sector control bit 

1 Hard sector 

0 Soft sector activates the 7 "O," 7 "O," 11"0," 11 "O" pattern soft sector address mark circuitry 

D2 D3 Write precompensation magnitude control bits 

1 1 Maximum shift 

0 1 Second highest shift 

1 0 Minimum shift 

0 0 No shift 

5-62 1291 - rev. 



1291-rev. 

SERIAL PORT (continued) 

TABLE 7: Serial Port Timing Specifications 

PARAMETER CONDITION 

TSLAT Setup time: see Figure 3 

THLAT Hold time: see Figure 3 

TSSDAT Data setup time: see Figure 3 

THSDAT Data hold time: see Figure 3 

TC Clock period 

DIGITAL INPUTS AND OUTPUTS 

MIN 

1.5 

1.0 

45 

45 

100 

SSI 32P4622 
Pulse Detector & 
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NOM MAX UNIT 

µs 

µs 

ns 

ns 

ns 

WAM, WG, CHIP _EN, SERVO_EN, DATA_EN, SDATA, AG, FREF, SHORT, HOLD, WDNRZ, WCLK, 
(These are TTL inputs) 

AMO, VCOE, R/W, WO, DOUT, NRZ1, ARC (These are TTL outputs) 
RD is a bidirectional pin with TTL input and ECL-like output 

TABLE 8: TTL COMPATIBLE INPUTS 

PARAMETER CONDITION 

Input Low Voltage (VIL) 

Input High Voltage (VIH) 

Input Low Current VIL= 0.4 V 

Input High Current VIH = 2.4 V 

DATA_EN 

MIN 

-0.3 

2.0 

0.0 

TC 

1~ 'I 
SCLK 

TSSDAT~THSDAT 

FIGURE 3: Serial Data Interface Timing 
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PIN DESCRIPTIONS 

POWER SUPPLY 

NAME TYPE 

VPA1, VPA2, VPA3 I 

VPD1, VPD2 I 

AGND1, AGND3 I 

DGND1, DGND2 I 

CHIP MODE CONTROL 

CHIP_EN I 

SERVO_EN I 

WG I 

SDATA I 

SCLK I 

SDEN I 

R/W 0 

AGC GAIN STAGE 

IN1+, IN1- I 

DCPL1, DCPL2 0 

OUT1 +, OUT1- 0 

HOLD I 

SHORT I 

AGC I 

GAIN I 

DESCRIPTION 

5 volt analog power supply pins. 

5 volt digital power supply pins. 

Analog ground pins. 

Digital ground pins. 

CHIP ENABLE: TTL compatible input which enables the chip during 
normal drive operation. 

SERVO ENABLE: TTL compatible input which enables only the portions 
of the chip needed to read the servo burst. 

WRITE GATE: TTL compatible read/write control pin. 

SERIAL DATA: Serial data input. 
-

SERIAL CLOCK: Serial data clock. 

SERIAL DATA ENABLE: Serial data enable pin. 

READ/WRITE: TTL compatible output pin which is the negative of WG 
and which is intended to drive the R/W input of the read write chip. 

INPUT1 +/-: AGC amplifier signal input pins. 

A decoupling capacitor is connected across these pins to remove DC 
offset in the gain buffer. 

OUTPUT1 +/-: AGC amplifier signal output pins. 

HOLD: TTL compatible control pin which, when pulled low, holds the input 
AGC amplifier gain. 

SHORT: TTL compatible control pin which, when pulled high shorts the 
AGC input pins. 

AUTOMATIC GAIN CONTROL REFERENCE: Reference input voltage 
level for the AGC circuit. 

GAIN CONTROL VOLTAGE: The AGC timing capacitor is tied between 
this pin and AGND. Also gain of the AGC amplifier can be controlled by a 
DC voltage on this pin. 
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PULSE DIGITIZING STAGE 

NAME TYPE 

DIN+, DIN- I 

HYS I 

LEVEL 0 

DOUT 0 

CIN+, CIN- I 

COUT 0 

RD 1/0 

SERVO OUTPUT 

SERV_OUT 0 

SERV_REF 0 

DESCRIPTION 

SSI 32P4622 
Pulse Detector & 

Data Separator 

DATA IN+/-: Signal input pins to the hysteresis level detect comparator. 

HYSTERESIS: Hysteresis level setting input to the hysteresis level detect 
comparator. 

LEVEL: Provides rectified level setting level for input into the hysteresis 
circuit. 

DATA OUT: D input into D flip-flop provided as output for testing or servo 
use. 

CLOCK INPUT+/-: Differential signal input pins to the clocking channel. 

CLOCK OUTPUT: Clock input into D flip-flop provided for testing. 

READ DATA: Bidirectional test pin which provides ECL like read output 
from the pulse detector section when WG is low and allows a TTL 
compatible external read data pattern to be sent to the data/clock recovery 
when WG is high. 

SERVO OUTPUT: Servo output signal 

SERVO REFERENCE: Servo reference level 

DATA/CLOCK RECOVERY SECTION 

RG I READ GATE: Selects the PLL reference input and initiates the PLL 
synchronization sequence. A high level selects the RD input and enables 
the read mode/address detect sequences. A low level selects the FREF 
input. 

FREF I REFERENCE FREQUENCY: The input can be driven by a direct coupled 
attenuated TTL signal or an AC coupled ECL signal. For minimizing pulse 
jitter during read, FREF should be stopped by gating it externally with 
VCOE. 

NRZ 0 NRZ OUTPUT PORT: When in read mode NRZ is a single ended TTL 
output tor NRZ read data. When in write or idle mode NRZ is tristated. 

WDNRZ I NRZ INPUT PORT: WDNRZ is a single ended TTL input for NRZ write 
data. Data must be synchronous with the write clock (WCLK) signal. 

WAM I WRITE ADDRESS MARK: The pin is the write address mark input when 
WG is high. In soft sector mode, a one bit wide low level pulse will write 
a 7"0," 7"0," 11 "0," 11"0" address mark. 

WCLK I WRITE CLOCK: TTL clock input that is used to shift in the data presented 
on the WDNRZ input. 
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DATA/CLOCK RECOVERY SECTION (continued} 

NAME TYPE DESCRIPTION 

AMO 0 ADDRESS MARK DETECT:The pin is the low level address mark detect 
output when RG is high. In hard sector mode, the pin is in a high 
impedance state. 

WD 0 WRITE DATA: Encoded write data output, active low. The data is 
automatically re sychronized to one edge of the FREF input clock. 

RRC 0 READ/REFERENCE CLOCK: RRC is a single ended TTL output. Clock 
synchronous with NRZ output data. 

VCOE 0 VCO ENABLE: This active low TTL output is used to disable the external 
clock applied to the FREF pin. 

VCO_CLK 0 VCO CLOCK: An open emitter ECL output test point. Two external 
resistors are required to use this pin. They should be removed during 
normal operation to reduce power dissipation. 

ORD 0 DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this signal indicate the data bit position. Two external 
resistors are required to use this pin. They should be removed during 
normal operation to reduce power dissipation. 

ANALOG PINS 

IREF I CURRENT REFERENCE INPUT: The VCOcenterfrequency, the 1/3cell 
delay, and the phase gain are a function of the current sourced into this 
pin. 

FLTR I LOOP FILTER INPUT: Input for passive PLL filter. 

wcs I WRITE PRECOMPENSATION SET: Pin for RC network to program the 
write precompensation magnitude value. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER MIN NOM MAX UNIT 

+5V supply voltage - VPA1 ,VPA2,VPA3,VPD1 ,VPD2 6 v 
Storage Temperature 65 150 oc 
Package Temp. PLCC, QFP (20 sec reflow solder) 215 oc 
Pin Voltages: -0.3 VPNVPD+0.3 v 
DOUT, DOUT, RD, WD, NRZ1, NRZ2, WAM/AMD, or +12 mA 
VCOE, RRC, RRC, VCO_CLK, DRD 

All other pins -0.3 VPNVPD+0.3 v 
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ELECTRICAL SPECIFICATIONS 
(Unless otherwise specified: 4.65:;; VPA:;; 5.25, 4.65:;; VPD:;; 5.25, TBD:;; Tj:;; TBD.) 

POWER SUPPLY 

PARAMETER 

+5 V (VPA/VPD) 

Supply current 

Power Dissipation 

MODE CONTROL 

Power Down Modes 

CHIP_EN SERVO_EN 

1 -
0 1 

0 0 

Pulse Detector Mode Control 
(CHIP _EN or SERVO_EN = 1) 

WG HOLD SHORT 

0 1 0 

0 0 0 

1 - 0 

- - 1 

CONDITION MIN NOM MAX UNIT 

Outputs unloaded, 175 TBD mA 
CHIP _EN, SERVO_EN=High 

Outputs unloaded, Tj=145 "C, 0.875 TBD w 
CHIP _EN,SERVO_EN=High 

CHIP _EN=High, TBD TBD mW 

SERVO_EN=Low 

CHIP _EN,SERVO_EN=Low TBD TBD mW 

MODE DESCRIPTION 

Enable The entire chip is enabled. 

Servo Only the parts of the chip necessary to generate the 
SERV_OUT and DOUT/DOUT outputs are active. 

Disable The entire chip is in a power down mode. 

MODE DESCRIPTION 

Read Read amp on, AGC active and controlled by data. 

Read/Hold Read amp on, AGC level held at previous active level 

Write (Read amp gain set to zero) AGC level held at previous 
active level, AGC inputs shorted by low impedance. 

ResetAGC (Read amp gain set to zero) GAIN pin set for AGC maxi-
mum AGC gain, AGC inputs shorted by low impedance 
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Data/Clock Recovery Mode Control 
(CHIP_EN = 1) 

WG RG MODES DESCRIPTION 

0 1 RD lock Data/clock recovery PLL locked to read data, WD is high. 

0 0 FREF lock Data/clock recovery PLL locked to external FREF reference, 
WD high. 

1 0 Write Data/clock recovery PLL locked to external FREF reference, 
WD active. 

l--·-----·----1 

1 1 - Undefined state. 

PULSE DETECTOR TRANSITION TIMES 

PARAMETER CONDITION MIN NOM MAX UNIT 

Enable <-> Disable Settling time of external 20.0 µs 
Transition time capacitors not included 

Read -> Write Transition WG pin Low-> High 1.0 µs 
Time 

.. 

Write-> Read Transition WG pin High ->LOW 1.2 3.0 µs 
Time AGC settling not included 

.. 

Read -> Short Transition SHORT pin Low -> High 1.0 µs 
Time 

Short-> Read Transition SHORT pin High-> Low 1.2 3.0 µs 
Time AGC settling not included 

Hold On <-> Hold Off HOLD pin High <-> Low 1.0 µs 
Transition time 

TTL COMPATIBLE OUTPUTS 
Note: Outputs are loaded with a 4 kQ resistor to 5V and 15 pF total capacitance (including stray capaci­
tance) to GND for rise/fall time measurements. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Output Low voltage lol = 4.0 mA 0.4 v 
Output High Voltage loh =-400 µA 2.4 v 
Output Rise Time Voh = 2.4 V 9.0 ns 

·-------· 

Output Fall Time Vol= 0.4 V 9.0 ns 
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DIFFERENTIAL OUTPUTS 

SSI 32P4622 
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Data Separator 

Outputs are loaded with a 1 O kQ resistor and 5 pF total capacitance (including stray capacitance) to GND 
for rise/fall time measurements. 

PARAMETER CONDITION MIN MAX UNIT 

Output Low Voltage -0.5 mA < lol < 0.5 mA Tj=25°C VPD-2.7 VPD-2.5 v 
Tj=145°C VPD-2.2 VPD-2.0 v 

Output High Voltage -0.5 mA < loh < 0.5mA Tj=25°C VPD-1.8 VPD-1.7 v 
Tj=145°C VPD-1.3 VPD-1.2 v 

Output Rise Time Voh = 90% final 6.0 ns 

Output Fall time Vol= 10% final 6.0 ns 

ANALOG GAIN SECTION 
The circuit is intended to interface with the filter structure shown in Figure 5. 
The following measurements are made with the following conditions unless otherwise stated: 1. The circuit is 
in the read mode (CHIP _EN or SERVO_EN, and HOLD PINS high, WG and SHORT pins low) 2. The circuit 
is connected as in Figure 5. 

Automatic Gain Control Section 
The AGC circuit maintains the AC voltage level monitored across the DIN+/- pins at a level defined by the 
voltage on the AGC pin. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Stage Gain Settings 

K1 K1=75 VIV ±17 % 

K2 K2 = -2.5 VIV ±5 % 

Minimum Gain Range 0.75 50 VIV 

AGC Loop Level Settings 

DIN+ - DIN- Input Voltage 20mVpp:::V(IN1 +-IN1-):>240mVpp, 0.37 0.56 VpplV 
Swing vs. V(AGC) 0.5Vpp:>V(DIN+ - DIN-):>1.4Vpp 

DIN+ - DIN- Input 20 mVpp::; V(IN1 + - IN1-) 0.85 1.0 1.12 % 
Voltage Swing When AGC ::; 240mVpp 
Pin is Open 

DIN+ - DIN- Input 20 mVpp::; V(IN1 + - IN1-) 8.0 % 
Voltage Swing Variation ::; 240mVpp 

AGC Pin Input Impedance 4.4 10.8 kQ 

AGC Pin Volt~e V(AGC) = 2.19V, AGC pin open ±11 % 

Allowable DIN+ - DIN- 1.4 Vpp 
Input signal range 
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AGC Loop Time Constants 

Slow AGC Decay Capacitor 
Charge Current 

Fast AGC Decay Capacitor 
Charge Current 

Fast Decay Hold Off Time 

AGC Capacitor Leakage 
Current 

Slow AGC Attack Capacitor 
Discharge Current 

Fast AGC Attack Capacitor 
Discharge Current 

Fast -> Slow Attack 
Switchover Point 

Gain Decay Time (Td) 
(see Figure 6) 

Gain Attack Time (Ta) 
(see Figure 6) 

V(DIN+ - DIN-)=0.0 

V(DIN+ - DIN-)=0.0 

Slow attack threshold 
not reached 

Read/Hold Mode 

V(DIN+ - DIN-)=0.8Vdc 
Vary V(AGC) until slow charge 
begins. 

V(DIN+ - DIN-)=0.8Vdc 
V(AGC)= 3.0V 

V(DIN+ - DIN-) -
V(DIN+ - DIN-)Final 

Vin = 240 mVpp -> 120 mVpp 
@2.5 Mhz, 
Vout to 90% of final value 

WG = high-> low, 
Vin = 240 mV @ 2.5 Mhz 
Vout to 110% final value 

General Amplifier Characteristics 

PARAMETER CONDITION 

Input Voltage Range 

Differential Input Resistance V(IN1+ - IN1-) = 100 mVpp 
@2.5 Mhz 

Differential Input Capacitance V(IN1+ - IN1-)=100 mVpp 

Common Mode Input SHORT pin = low 

Impedance (both sides) SHORT pin = high 

Input Noise Gain set to Maximum 

Differential Output 
Resistance OUT1 +/-

OUT1 +to OUT1- No DC path from 
Pin current OUT+/- to GND 

Bandwidth Gain set to maximum, 
±3 dB bandwidth 

5-70 

4.5 µA 

1.2 mA 

0.7 0.3 µs 

-0.2 0.2 µA 

0.14 0.22 mA 

-1.3 -2.0 mA 

0.25 v 

TBD µs 

4 µs 

MIN NOM MAX UNITS 

20 240 mVpp 

5.0 kn 

10.0 pF 

1.8 kn 

250 n 

30 nV/-fRZ 

16 60 n 

±1.1 mA 

30 MHz 
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General Amplifier Characteristics {Continued) 

PARAMETER CONDITION 

Common ModeRejection V(IN1+)=V(IN1-)=100 mVpp, 
Ratio (Input Referred) 5 Mhz, Gain set to maximum 

Power Supply Rejection V(VPNVPD) = 100 mVpp 
Ratio (Input Referred) 5 MHz, Gain set to maximum 

Gain Buffer to Differentiator and Matdched Delay Section 

Differential Output 
Resistance OUT 4+/-

Maximum Output Z(load dilf.) = 350 Q 
Voltage Swing 

OUT 4+ to OUT 4- No DC path from OUT+/-
Pin current toGND 

Output Offset 
Voltage 

Bandwidth Gain set to maximum, 

Common Mode Rejection V(IN4+) = V(IN4-)=100 mVpp, 
Ratio (Input referred) 5 Mhz, Gain set to maximum 

Power Supply Rejection V(VPNVPD) = 100 mVpp, 
Ratio (Input referred) 5 Mhz, Gain set to maximum 

READ MODE DIGITIZING SECTION 

MIN 

40 

30 

10 

1.4 

±2.3 

30 

40 

30 

SSI 32P4622 
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NOM MAX UNITS 

dB 

dB 

32 Q 

Vpp 

mA 

±50 mv 

MHz 

dB 

dB 

All of the measurements in the read digital section are made with the following conditions unless otherwise 
stated: 
1. In the read mode, (CHIP _EN high, WG & SHORT pins low) 
2. The clock and data input (CIN+ - CIN) and (DIN+ - DIN-), receive AC coupled 2.5 MHz, 1.0 Vpp sine­

wave input signals with the DIN+/- input leading CIN+/- by 90 degrees. 
3. A 1.8V DC voltage is applied to HYS pin. 
4. The RD and DOUT pins are loaded with a 10 kQ resistor and 5 pF total capacitance to GND. 

Hysteresis Comparator Circuit 

Input Signal Range 1.4 Vpp 

Differential Input V(DIN+ - DIN-)= 100 mVpp, 10 16.5 kQ 
Resistance 2.5 Mhz 

Differential Input V(DIN+ - DIN-) = 100 mVpp, 4.0 pF 
Capacitance 2.5 Mhz 
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Hysteresis Comparator Circuit (Continued) 

PARAMETER CONDITION 

Common Mode Input Both sides 
Impedance 

-· 

LEVEL Pin Output 0.6 < V(DIN+ - DIN-)<1.4 Vpp 
Voltage vs DIN+ - DIN- 10 kQ between LEVEL & GND 
Input voltage 

LEVEL Pin Output !(LEVEL) = 0.5 mA 
Impedance 

LEVEL Pin Maximum 
Output Current 

--~-·-

Comparator Offset HYS pin at GND, s;1.5 kn 
Voltage across DIN+, DIN-

Hysteresis Trip Voltage 1V < V(HYS) < 2V 
(at DIN+, DIN-) vs. 
HYS pin voltage 

Hysteresis Threshold V(HYS) = some % of 
Margin as a % of V(AGC)* or V(LEVEL), 
V(DIN+ - DIN-) Peak 1V < V(HYS) < 3V 

See Figures 17 & 18 
--- -------

HYS Pin Input Current 1V < V(HYS) < 3V 

MIN NOM MAX UNITS 

2.5 4.0 kQ 

1.3 2.2 VNpp 

140 n 

3.0 mA 

±10 mV 

0.44 0.5 0.64 VppN 

-15 +15 % Peak 

~--t----------

0.0 -20 µA 

*In an open loop configuration where reference is V(AGC) tolerance may be slightly higher 

TABLE 1: Frequency Template of Hysteresis Trip Point as Percent of Peak Input Voltage Across 
DIN+/- Pins 

Frequency Hysteresis 

External H!_g_h 

0 to TBD MHz TBDto TBD% TBD to TBD % 

TBD MHz TBD to TBD% TBD to TBD % 

Note 1: Pulse detector mode control register bits D1, 2 set as follows: 

00 = External hysteresis 

10 = About 65% hysteresis 

01 =About 50% hysteresis 

11 = About 35% hysteresis 

Medium 

TBDto TBD % 

TBDto TBD % 

Low 

TBDto TBD% 

TBDto TBD% 

Note 2: For external hysteresis, LEVEUHYS pin network is set up with external component values as 
shown in Figure 5a. 
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Clocking Circuit 

PARAMETER CONDITION 

Input Signal Range 

Differential Input V(CIN+ - CIN-) = 100 mVp-p, 
Resistance 2.5 Mhz 

Differential Input V(CIN+ - CIN-) = 100 mVp-p, 
Capacitance 2.5 Mhz 

Common Mode Input Both sides 
Impedance 

Input Offset Voltage 
--

COUT Pin Output TIE 2 kn from COUT to GND 
Low Voltage 

t---
COUT Pin Output TIE 2 kn from COUT to GND 
Pulse Voltage 
V(high) - V(low) 

COUT Pin Output TIE 2 kn from COUT to GND 
Pulse Width 

Read Mode Digital Section as System 

PARAMETER CONDITION 

Required OFF Minimum allowable time delay 
Set up Time, from V(DIN+, DIN ) exceeding 
(Td1 in Figure 7) hysteresis point to V(CIN+,CIN ) 

crossing zero 

Propagation Delay 
Td3 in Figure 7 

Pulse Pairing ITd3-Td41 in Figure 7 

RD Pin Output 0.0 < loh < 0.5 mA 
Pulse Width 

RD Pin Output Low 0.0 < lol < 0.5 mA 
Voltage 

RD Pin Output Pulse 0.0 < loh < 0.5 mA 
Voltage V(high)-V(low) 
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2.7 

MIN 
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NOM MAX UNITS 

1.4 Vpp 

16.5 kQ 

4.0 pF 

3.8 kn 

6.0 mV 

VPA-3.0 v 

+0.8 v 

12 ns 

NOM MAX UNITS 

ns 

60 ns 

1.0 ns 

10 ns 

VPA-2.1 v 

+0.8 v 
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Servo Burst Capture Circuit 
All of the measurements for the servo are made with the following conditions unless otherwise stated .. The 
circuit is connected as shown in Figure 5. 

PARAMETER CONDITION MIN NOM MAX UNITS 

SERV_REF Pin Level VPA-2.8 VPA-2.1 v 
SERV_OUTto DIN+ shorted to DIN- ±20 mV 
SERV_REF Offset 

SERV_OUT Level vs V(SERV OUT) 02Vp/V ±TBD % 
AGC Pin Voltage V(AGC) 

Servo Frame vs. V(DIN+/-) V(SERV_OUT -SERV_REF) TBD Vp/Vpp 
V(DIN+/-) 

= 0.39 Vp/Vpp 

Allowable Load Impedance Equivalent parallel resistance 10 kn 
SERV_OUTor 
SERV_REF to GND Equivalent parallel capacitance 5 pF 

CLOCK/DATA RECOVERY SECTION: 
See applications section for loop filter development. 

DC Output levels 

PARAMETER CONDITION MIN NOM MAX UNITS 

Test Point Output 2620 to VPD,4020 to GND VPD-1.02 v 
High Level (VOHT) VPA= VPD 
DRD,VCO_CLK,VCO_REF 

-
Test Point Output 2620 to VPD,4020 to GND VPD-1.625 v 
Low Level (VOLT) VPA= VPD 
DRD,VCO_CLK,VCO_REF 

Read Mode 

PARAMETER CONDITION MIN NOM MAX UNITS 

Read Clock Rise Time (TRAC) 0.SV to 2.0V, C1~15 pF 8 ns 

Read Clock Fall Time (TFRC) 2.0V to O.SV, C1~15 pF 5 ns 

NAZ (out) Set Up and .31 ns 
Hold Time (TPNRZ) TORC 

AMO Propagation 10 ns 
Delay (TPAMD) 

1/3 Cell Delay TD=3.6E-12(RR+ 1700) 0.STD 1.2TD ns 
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Write Mode 

PARAMETER CONDITION 

Write Data Pulse Width C1<15pF 
(TWDC) 

Write Data Fall Time (TFWD) 2.0V to 0.8V, C1 '.> 15 pF 

Write Data Clock Rise Time 0.8V to 2.0V, 
(TWRC) C1<15pF 

-----

Write Data Clock Fall Time 2.0 to 0.8V 
(TWFC) C1 < 15 pF 

NRZ Set Up Time (TSNRZ) 

NRZ Hold Time (THNRZ) 

Precompensation Time Shift TPCO = 1.12T x N(B+3A) 
Magnitude Accuracy (TPC) See note 

MIN 

2TOWC _ 2TPC _ 5 
3 

SSI 32P4622 
Pulse Detector & 

Data Separator 

MAX UNIT 

2TOWC +5 ns 
3 

- --- - ---~----· 

8 ns 

10 ns 

I---· -------1 

8 ns 

--------·-

5 ns 
----------

5 ns 
------·-

t--· 
02 bit=O, 03 bit=O 0 0 ns 

02 bit=1, 03 bit=O 0.8TPC-0.2 1.2TPC+0.2 ns 
-----

02 bit=O, 03 bit=1 2(0.8TPC) 2(1.2TPC) ns 

02 bit=1, 03 bit=1 3(0.8TPC) 3(1.2TPC) ns 

Note: T = FREF period, A=0.19/(Rpc+0.51)+0.0058, B=0.42/(RR+0.53)+0.0108, Rpc & RR in kn 

Data Synchronization 

PARAMETER CONDITION MIN MAX UNIT 

VCO Center Frequency VCO IN= 2.?V, TO= 3.6E(RR+1700), 0.8TO 1.2TO ns 
Period (TVCO) VPA, VPD = 5.0V, RR= 92.6 -1. ?(KQ) 

DR ---- ------~-------

VCO Frequency 1.0V'.>VCO IN'.>VPA·0.6V ±25 ±45 O/o 
Dynamic Range VPA, VPD = 5.0V 

VCO Control Gain (KVCO) coo= 2 x rr/TO, 1.0V'.>VCO IN'.>VPA-0.6V 0.14coo 0.26coo .Ifill 
..'iLxS. 

Phase Detector Gain (KO) For PLL REF=FREF, KD=0.22/(RR+530) 0.83KD 1.17KD Nrad 
For PLL REF=RD, KD=0.11/(RR+530) 
VPA, VPD = 5.0V 

KVCOxKD Product Accuracy -28 +28 % 
~-+ 

VCO Phase Restart Error Referred to RRC -1 +1 rad 

Decode Window ±1.0 ns 
Centering Accuracy 

Decode Window (2TORC/3) ns 
-1.5 
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APPLICATIONS INFORMATION 
LOOP FILTER 

The low pass filter attenuates high frequency components to the phase error signal from the phase detector and 
modifies the dynamics of the PLL. In lock mode, the PLL can be approximated by the linear model shown in 
Figure 4. The transfer functions of the blocks are as follows: 

KO = conversion factor for phase detector in µA/radian 
KVCO = VCO gain factor in radians/volt-second 
F(s) = low pass filter transfer function 

Thus the closed loop transfer function is: 

KD • Kvco • F(s) 

H (s)- N 
s +KO• Kvco • F(s) 

N 

where: N = ratio between TBD and FIN 
N = 1.0 for preamble 
N= 0.5 for external clock 

For the low pass filter example: 

F (s) _ 1 +sC1R 

sC1 ( 1 + g~ +sC2R) 

Phase Detector 

91(s) mA 

Low Pass Filter 

F1 KO ~ F(s) ... rad id= KD • (91 - eo) ... Ve= F(s) ·id 

Foleo(s) 

PD_OUT~ VCO_IN 

c2=f f:. T TC1 
::c 

Low Pass Filter Example 

FIGURE 4: Phase Locked Loop 
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8 ~ " ~ w w 

~ 
LEVEL 

" ~ 'll 
Digital I~ Ii Ground ,o 'o 

'l' !'; 

I § ~ 

SSI 32P4622 
Pulse Detector & 

Data Separator 

Analog Digital 
+5 +5 

Shift Register 
and Latch 

0 w ~ ~ !i ll 
,> jJ >: 
'l' Jl 

FIGURE Sa: SSI 32P4622 Circuit Block Diagram (Sheet 1) 
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Read Data 
(From sheet 1) 

Write Gate 
(From sheet 1) 

Data/Address Bus 
(From sheet 1) 

Current 
Reference 
Generator 

:ii 
m 
"Tl 

~I 

~I 

~-----... Synchronizer 

Write 
Precompensation 

Controller 

Address 
Mark 

Detection 

)> 
Ci> z 
8 

FIGURE Sb: SSI 32P4622 Circuit Block Diagram (Sheet 2) 
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V(IN+-IN·) 

V (OUT+· OUT-) 
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FIGURE 6: AGC Timing Diagram 

SSI 32P4622 
Pulse Detector & 

Data Separator 

V (DIF+ - DIF-) t----+-r---~r----T--r----~ 

ov 

DIFFERENTIATOR 
COMPARATOR OUTPUT 

V (GOUT) 

111! OUTPUT 
(Internal) 

FIGURE 7: Read Mode Digital Section Timing Diagram 
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x 

1,7RLLDATA 0 0 

~ 1/3 Cell 14---
vco 

VC0/2 ' 

DECODE WINDOW ,,..,. _____ _, • .,.,.,.,__ _____ .,.,._,. ______ ., 

Y2 

PHASE DET 
ENABLE ' 

ARC 

NRZBITCELL li..,.---------....... ,.,. _________ -.i•I 
NOTE: • Denotes internal signal 

FIGURE 8: Data Synchronization Waveform 

I I 

x l D1 x 02 l 03 x D4 x 
PRESENT 

x Y3 )K Y1 x Y2 x Y3 )K Y1 1,7CODE 

PREVIOUS I I I ' NEXT CODEWORD CODEWORD 
LASTBIT I I FIRST BIT 

1 WORD BIT 

FIGURE 9: NRZ Data Word Comparison to 1, 7 Code Word Bit 
(See Table 1 for decode scheme) 
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RRC 

NRZ (OUT) ---------+--~ 
TPNRZ TPNRZ 

"AMO-----------+----. 

FIGURE 10: Read Timing 

TRWC 

NAZ-----------/ 

WO---------~ 

~,.,4 

FIGURE 11: Write Timing 
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RlJ-------~ 

(Internal) 

7 ·o· 7 "O" 11 "O" 11 ·o· 
PREAMBLE 

"3T" PATTERNS 

1 0000000 1 0000000 1 00000000000 1 00000000000 1 00 1 00 

AG-------' 

Case 1 

Address Mark Detect 
Enable (Internal) -------' 1 ZERO 

TIMING I~ f .. 1 MIN 

AMli -----1------------------------s ·o· 
DETECT 

- TRISTATE---------------

Address Mark Detect 
Enable (Internal) -------' 

9 "O" 
DETECT 

BISTABLE 

Case 2 

1 ZERO 

TIMING I~ f .. 1 MIN 

AMli -----!---------------------------------, 
- TRISTATE--------------- BISTABLE 

Case 3 

s ·o· 
DETECT 

9"0" 
DETECT 

AMli ------+-----------------------------.., s ·o· 
DETECT 

9"0" 
DETECT 

If 5 bits of RD are detected after 6 "O" and before 9 •o· are found, then restart and look for 6 •o." 

RD 
7 "O" 

s ·o· 
Found 

CT 
1 

CT 
2 

CT 
3 

CT 
4 

FIGURE 12: Address Mark Search 
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(ASSERT) 
AG 

•• ·-+---~ 
3X"3T" ! 

RD*~ 

ZERO PHASE*------' 
RESTART 

VCOI< ----~ 

RRC 

NRZ 

ENABLE 

19 

. 
VCOLOCK 

BITSVNCSEA.FICH ------------~ 
DISASl.E 

.. . VCOCU< 
ARC 

SOURCE 
REFOSC .. 

DLYDRD . 
PHASE DET SOURCE 

REFOSC 

SSI 32P4622 
Pulse Detector & 

Data Separator 

~ MAX 2RRC 

Ix x x i-------------=-:ERIOOO 

INToo.MTER ------------------------------------------~ 
19 

• = - Internal Source 

••=-Test Point 

FIGURE 13: Read Mode Locking Sequence {Soft and Hard Sector) 
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WG -----" 

WG r~f------------MIN3&NRZ IFNOAJ.lD -----------a. 
(INTERNAL) ----~- 14--------- MINOF(~o~fltA~~~~~ENDEO ________ -.i 

1~~~14~---~ 

"""RZ 

SSl32P4622 
Pulse Detector & 

Data Separator 

5NRZPAOTO 
flUSH ENCODER 

rt-----ADDRESSMARK-----1·+·1--PAEAMBLE ____J-._ ENCOOEOOATA __,. 
/"'\. (19J3TPATIERN) T 

___/ '-------------

VCOLOCK 
(INTERNAL) ------, 

l.__vco_LO_CK_seu_r_vc_o_LOCK __ •'_GNAL_w_'~-~_•_v_1NA_c_ri_v•----------------------------------~ 

vco 
SOURCE 

RRC 
SOURCE 

RRC 
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FIGURE 15: Write Data 
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HYSTERESIS 
COMPARATOR 

OUTPUT 

V(HYS) 

FIGURE 16: Expected Nominal Voltage Levels 

V(DIN+ ·DIN-) +PEAK 

ToAGC 
Charge Pump 

FULL WAVE 
RECTIFIER 

V(AGC) 

+ 

V(LEVEL) 

FIGURE 17: Feed Forward Mode 
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F"m { 3204661 
Time Base 
Genera Lor 

8 ~ ~ 

0GN01 

Digital 
Ground 

VA 

VBP 

IFP 

~ 

~ 

~ 

~ 

Chip 
Enable 

SSI 32F8011 

~ 
m 
~ 

,< 
g 

SSI 32P4622 
Pulse Detector & 

Data Separator 

Analog Dlgllal 
+5 +5 

II 

Da\a/Ad:lresseus 
~---t---+----~-----~-+-+(Tosheet2) 

LEVEL ~ ~ g ~ 

~ .!l 0 

~ ,> ~ 
~ 

} From 32C4650 
Con1ro11er 
CltCl.llt 

From WO 

FIGURE 17a: SSI 32P4622 System Configuration (Sheet 1) 
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Read Data 
(From sheet 1) 

Current 
Reference 
Generator 

Controller 

Analog Digital 
+5V +5V 

VPA2 VPA3 VPD2 

(Fro~r~~e~:~)_.---+---+--t-------~--------------+--t---

~---+< Synchronizer 
Address 

Mark 
Detection 

.--~---, 

ARC 

FREF 

NAZ 

r-------<-l WCLK 

IREF 

To Read/Write Circuit 

Write 
Precompensation 

wcs 
+5V 

RPC 

WCLK AGND3 

Analog 
Ground 

DGND2 

Digital 
Ground 

FIGURE 17b: SSI 32P4622 System Configuration (Sheet 2) 
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+15% (max) 

"'""' :g~ 
~I Typical - 60% 
.c:Z 
&lo 
~ ~ "'z -15%(min) 
·wo 

!~ 

1 

J_ 

SSI 32P4622 
Pulse Detector & 

Data Separator 

For V(HYS) = 
K% of V(LEVEL) 

Typically - 60% 

9 MHz Frequency 

FIGURE 18: Percentage Threshold vs. Frequency 

PACKAGE PIN DESIGNATIONS 
(Top View) 

~ "j 0 + 
+ z 0. 0. < z ;:: ;:: :it z ~ z 

~ ~ < 0 0 0. ~ :::> :::> 

" " " > 0 0 0 0 " o 
52 51 50 49 48 47 46 45 44 43 42 41 40 

DGND1 

SERVEN VPD1 

AGC 

HYS 

LEVEL 

SSI 32P4622 
34 RD 

SERREF 33 GOUT 

VPA3 

31 AGND3 

SCLK 10 AG 

SDATA 11 WCLK 

SDEN 12 FLTR 

FREF 13 IREF 
14 15 16 17 18 19 20 21 22 23 24 25 26 

"' I~ I~ ;::; ~ I" N 

I~ 
0 N ~ ~ ~ 

~ a: "' " a: " a: z a: 0. 0 0. z z <( 

" > 8 > 

" > 

52-pin QFP, PLCC 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32P4720/4721 is a low power, high 
performance bipolar device that provides pulse 
detection, data synchronization, and EN DEC electronics 
on a single integrated circuit. It supports RLL 1, 7 data 
recording at rates programmable up to 24 Mbit/s and 
includes advanced features such as window shift and 
write precompensation control. The device reduces 
board layout space by including a fully integrated high­
performance PLL with the VCO frequency setting 
elements incorporated on-chip. Data rate is 
programmed using an external resistor or, for constant 
density recording applications, an external current 
DAC. Control of the programmable features is provided 
through a simple, easy to use serial interface. The 
combination of these features along with a power­
down mode, small footprint, and +SV only operation 
make the SSI 32P4720/4 721 suitable for a wide variety 
of hard disk drive applications. 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

lmf!MiUltjmt.11nsut.111 
November 1991 

FEATURES 

• 

• 

• 

• 
• 
• 

High performance pulse detector with: 

- Wide bandwidth AGC 
- Dual rate charge pump 

- Amplitude pulse quallflcatlon 

High performance data synchronizer with: 

- Fast acquisition PLL 

- Programmable write precompensation 
- Programmable window shift 

• 1,7 RLL ENDEC 

Programmable data rate from 8 to 18 Mbit/s (4720) 
and 12 to 24 Mbit/s (4721) 

Servo burst and reference outputs 

Low power (<750 mW), 5V only operation 

Two power down modes (<15 mW power down 
mode) 

• Available in 52-pln QFP & 52-pln PLCC packages 

BLOCK DIAGRAM 

IN+ 

BYP 
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FUNCTIONAL DESCRIPTION 
The SSI 32P4720/4721 is designed for use as a read 
pulse detector, data/clock recovery circuit, and write 
data encoder for RLL 1, 7 code hard disk drive systems. 
In addition, it provides a servo burst output mode to 
support embedded servo applications. 

PULSE DETECTOR CIRCUIT 
The SSI 32P4720/4721 includes a complete pulse 
detection circuit that provides amplitude qualification of 
the incoming data signals during read mode operation. 
The pulse detector circuitry is optimized to operate with 
the SSI 32F8011 and SSI 32F8020 programmable 
filters as well as discrete filter implementations. 

READ MODE OPERATION 

AGC Amplifier 
The initial stage of the pulse detector circuitry is a wide 
bandwidth AGC amplifier circuit that is capable of 
producing an output swing of 3 Vp-p maximum. This 
allows for operation with external filters that have up to 
8 dB of loss. The gain of the AGC amplifier is a linear 
function of the voltage present on the BYP pin of the 
device (Figure 1.) The AGC is internally biased to 
maintain an input voltage of 1 Vp-p differential at the 
DIN+/- pins of the device. An external resistor can be 
connected to the AGC pin to adjust the AGC voltage 
either up (resistor to VPA3) or down (resistorto AGND3.) 
as shown in Figure 2. The desired AGC voltage level 
can be set using the following equations: 

VAGC = [((5-V) x RINT) I (RINT + REXT)] + V (Fig. 2a) 
or, VAGC = (V x REXT) I (RINT + REXT) (Fig. 2b) 

where: V = 1.0 V (nominal) 
RINT = 3.91 kO (typical) 

When an external resistance is applied to the AGC pin, 
the signal level at DIN+/- will be: 

DIN+/-= 1.0 x V AGC Vppd 

(a) (b) 

v Rext 

v 

FIGURE 2: AGC Voltage 
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GainVN 
1---~ 

80 

45 -------

4 - - - - - - -, - - -

I 

1.0 
VBYP (Volts) 

FIGURE 1: AGC Gain 

An internal full-wave rectifier accepts the DIN+/- input 
signal and provides a rectified signal to the AGC circuit. 
Dual charge pumps in the AGC circuit provide both fast 
and slow attack modes to support rapid recovery 
during write to read transitions. When the DIN+/- signal 
level is greater than 125% of the desired level, the fast 
attack mode is entered and 1.3 mA of charge current is 
supplied to the BYP pin. When the DIN+/- input signal 
is between 100% and 125% of the desired level, the 
AGC switches to slow attack mode and 0.18 mA of 
charge current is supplied to the BYP pin. 

The SSI 32P4720/4721 also provides two decay modes 
that are automatically controlled within the device. 
During write mode, the gain of the AGC circuit is 
automatically held to its previous value and the inputs 
to the AGC amplifier are placed into a low impedance 
state. When the device is switched from write mode to 
read mode the AGC circuit will maintain the low imped­
ance state and hold the previous gain for 0.9 µs. After 
0.9 µs, the AGC will go into either attack mode or decay 
mode depending upon the signal level at the DIN+/­
pins. If the DIN+/- signal requires less gain, the AGC 
will go into attack mode. If the DIN+/- signal requires 
more gain, the AGC will go into the fast decay mode. In 
fast decay mode a discharge current of 120 µA is 
turned-on for a period of 0.9 µs or until the correct level 
is reached at the DIN+/- inputs. Afterthe 0.9 µs period 
the device will remain in the slow decay mode with a 
discharge current of 4.5 µA. 

DATA PATH (LEVEL QUALIFICATION) 

In the data path of the SSI 32P4720/4721, the signal at 
the DIN+/- inputs is applied to an internal hysteresis 
comparator that provides level qualification of the in­
coming signal. The output of the hysteresis comparator 
serves as the input to a D flip-flop and is also provided 
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as an external pin (DOUT) for testing. The hysteresis 
level is determined by the voltage applied to the HYS 
pin. The voltage applied to the HYS pin can be either 
a fixed voltage or a percentage of the voltage at the 
DIN+/- inputs. 

HYSTERESIS LEVEL CONTROL 

In level qualification, hysteresis comparator eliminates 
errors due to low level additive noise. 32P4720/4721 
allows two implementations of hysteresis: fixed hyster­
esis threshold or DIN tracking hysteresis threshold. 
Fixed hysteresis threshold can be simply done by a 
setting a DC voltage at HYS pin, such as from a resistor 
divider from VCC to GND. The hysteresis threshold at 
the comparator can be computed as: Hysteresis Gain 
x VHvs. For high performance system application, how­
ever, fixed hysteresis threshold is not recommended. 

DIN tracking hysteresis has the advantages of shorter 
write-to-read recovery time and lower probability of error 
with input amplitude drop out. The hysteresis threshold 
is designed as a percentage of the DIN peak voltage. 
This technique can be implemented by feeding the 
LEVEL output, through a resistor divider network, to the 
HYS pin. The LEVEL output, amplified peak capture of 
DIN voltage, can be computed as: Level Gain x V (DIN 
±DIN-). With the resistor divider, a fraction of the LEVEL 
output is presented at the HYS pin. The hysteresis 
threshold, as a function of DIN, can be summarized as: 
Level Gain x Resistor Dividing Ratio x Hysteresis Gain 
x V(DIN ±DIN-). For a typical case of 1 Vpp differential 
at DIN± input, assume equal value resistors in the 
divider network, the hysteresis threshold is 1.0 x 0.50 x 
0.36 x 1V = 0.18V. This represents 36% hysteresis on 
a 1 Vpp signal. While both the Level Gain and Hysteresis 
threshold vs HYS bear a moderate tolerance due to 
typical process variations, they inversely track each 
other to yield a much tighter hysteresis threshold in a 
closed loop. In designing the hysteresis threshold, the 
nominal Level Gain and Hysteresis Gain values should 
be used. The tolerance on DIN tracking hysteresis 
threshold is specified as the Tracking Hysteresis Toler­
ance in the specification. 

While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DIN± peak-to-peak, 
but large enough to provide a constant hysteresis thresh­
old in each level qualification. 
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CLOCK PATH (TIME QUALIFICATION) 

The input signal at the CIN+/- pins goes through a 
differentiator circuit that converts signal peaks to zero 
crossings. The zero crossings are used to trigger a bi­
directional one-shot that serves as the clocking input for 
the D flip-flop in the data path. The COUT pin is provided 
as a test point for monitoring the output of the one-shot. 
The differentiator function is provided by external com­
ponents connected between the DIF+ and DIF- pins of 
the device. The transfer function from CIN+/- to the 
comparator input is: 

AV= (-3536 x CS) I (LCS2 + C(R + 52)8 + 1), 
where C, L, and R are external components 
15pF < C < 125pF, and S = jw = j27tf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the CIN+/ 
- input. 

When the SSI 32P4720/4721 is used with an external 
filter that provides differentiated outputs (such as those 
of the SSI 32F8011 or SSI 32F8020), the differentiated 
outputs of the filter can be AC coupled to the CIN+/­
inputs of the SSI 32P4720/4721. The differentiator 
components on the DIF+/- pins can then be replaced by 
a 2 KQ external resistor. 

WRITE MODE OPERATION 

In the Write Mode, the SSI 32P4720/4721 pulse detec­
tor circuitry is disabled and preset for the Read Mode. 
The digital circuitry is shut-down to conserve power. The 
AGC amplifier gain is held at the previous value and the 
AGC input impedance is reduced. This reduces the 
write-to-read recovery time of the device and allows for 
improved settling of the coupling capacitors between 
the SSI 32P4720/4721 and the read/write preamplifier 
(such as the SSI 32R1200R.) The coupling capacitors 
should be as small as possible to allow for rapid settling 
while providing adequate bandwidth. 

SERVO BURST CAPTURE 

The SSI 32P4720/4721 provides a servo signal and an 
associated servo reference voltage. The SER_ OUT pin 
is a rectified version of the DIN+/- input signal that can 
be used by an external servo demodulator circuit (such 
as the SSI 32H4631.) The SER_REF pin provides a 
reference voltage for the SER_ OUT signal. The magni­
tude of the servo signal is the difference between the 
signal at the SER_ OUT pin and the reference voltage at 
the SER_REF pin. 

II 
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Additional servo support is provided by the SSI 32P4 720/ 
4721 through the RDIO pin. In the Servo Mode of 
operation, this pin provides a TTL output of the pulse 
detector read data. 

DATA SEPARATOR 

The SSI 32P4720/4721 is designed to perform data 
recovery and data encoding in rotating memory sys­
tems which utilize a 1, 7 ALL encoding format. In the 
Read Mode the SSI 32P4720/4721 performs Data 
Synchronization, Sync Field Search and Detect, 
Address Mark Detect, and Data Decoding. In the Write 
Mode, the SSI 32P4720/4721 converts NAZ data into 
the 1,7 ALL format described in Table 2, performs 
Write Precompensation, generates the Preamble 
Field, and inserts Address Marks as requested. 

The SSI 32P4720/4721 can operate with data rates 
ranging from 8 to 24 Mbit/s. This data rate is estab­
lished by a single 1% external resistor, RR, connected 
from pin IREF to VPA2. This resistor establishes a 
reference current which sets the VCO center fre­
quency, the phase detector gain, andthe 1/3 cell delay. 
The value of this resistor is given by: 

RR= 77·4 - 2.1(kn) (32P4720) 
DR 

RR=~~ -1.7(kn) (32P4721) 

where: DR = Data Rate in Mbit/s. 

For zoned recording applications an external current 
DAC (such as that provided in the SSI 3204661) can 
be directly connected to the IREF pin. The current 
required to set a given data rate would be determined 
by: 

llN = 4.3/ [(77.4/DR) -1.57) (mA) (32P4720) 

llN = 4.3/ [(93/DR) -1.17) (mA) (32P4721) 

A reference clock, operating at 3x the data rate, gener­
ates the standby reference for the PLL. Either an 
attenuated external TTL compatible reference or an 
AC coupled ECL source may be applied to FREF. 

The SSI 32P4720/4721 employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non Har­
monic in Write and Idle Modes. In the Read Mode the. 
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Harmonic Phase Detector updates the PLL with each 
occurrence of a DYLD DATA pulse. In the Write and 
Idle modes the Non-Harmonic Phase Detector is con­
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing a 
zero phase restart technique, false lock to delayed data 
is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 

The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 

RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win­
dow. Read Gate, RG, initiates the PLL locking se­
quence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 

In the Read Mode the falling edge of ORD enables the 
Phase Detector while the rising edge is phase com­
pared to the rising edge of the VCO. As depicted in 
Figure 3, DAD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. A 
decode window is developed from the VCO clock. 
Shifting the phase of the VCO clock effectively shifts 
the relative position of the ORD pulse within the decode 
window. Decode window control is provided via the WS 
controls. 

In Non-Read Modes, the PLL is locked to the external 
reference clock. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. 
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SOFT SECTOR 

The disk operation lock sequence in Read Mode for 
Soft Sector Operation is shown below. 

1"'0· 7"0M 11 •O" 11 "O" 

I~ ~ :14 ,. ··r .I 

_jRGENABLE 

BIT 
SYNC 

ADDRESS MARK DETECT 

lDtECC ENC_ 
DATA 

In Soft Sector Read Operation the SSI 32P4720/4721 
must first detect an address mark to be able to initiate 
the rest of the read lock sequence. An address mark for 
the SSI 32P4720/4721 consists of two (2) 7 "O" pat­
terns followed by two 11 "O" patterns. To begin the read 
lock sequence the Address Mark Enable (AMENS) is 
asserted high by the controller. The SSI 32P4720/4721 
Address Mark Detect (AMD) circuitry then initiates a 
search of the read data (RD) for an address mark. First 
the AMD looks for a set of 6 "O's" within the 7 "O" 
patterns. Having detected a 6 "O" the AMD then looks 
for a 9 "O" set within the 11 "O's." If AM D does not detect 
9 "O's" within 5 RD bits after detecting 6 "O's" it will restart 
the Address Mark Detect sequence and look for 6 "O's." 
When the AMD has acquired a 6 "O," 9 "O" sequence the 
AMD transitions low. AMD will remain low for the dura­
tion of AMENS. When AMENS is released, AMD will be 
released by the SSI 32P4720/4721. 

PREAMBLE SEARCH 

After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain­
der of the read lock sequence. When RG is asserted an 
internal counter counts transitions of the incoming 
Read Data, (RD looking for 3 consecutive '3Ts). Once 
the counter reaches count 3 (finds (3) consecutive 3T 
preamble) the internal read gate enables switching the 
phase detector from the reference oscillator to the 
delayed Read Data input (DRD); at the same time a 
zero phase (internal) restart signal restarts the VCO in 
phase with the DAD. This prepares the VCO to be 
synchronized to data when the bit sync circuitry is 
enabled after VCO lock is established. 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the external refer­
ence clock to the VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. A maximum of 2 RRC time periods may occur for 
the RRC transition, however, no short duration glitches 
will occur. Also at this time, the VCOD line is brought 
low to disable the external reference clock and reduce 
jitter. Two additional "3T" are required for internal bit 
sync. After the bit sync circuitry sets the proper decode 
window (VCO in sync with RRC and RRC in sync with 
data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 

HARD SECTOR 

I 19"'3T" 
4 .1~ 2 "31' .. 1 

I s~~c I IDIECC DATA- -

~RGENABLE 

In hard sector operation a low AMENS disables the 
SSI 32P4720/4721 's Address Mark Detection circuitry 
and AMO remains inactive. A hard sector read opera­
tion does not require an address mark search but starts 
with a preamble search as with soft sector and se­
quences identically. In all respects, with exception to 
the address mark search sequence, hard sector read 
operation is the same as soft sector read. 

WRITE MODE 

In the Write Mode the SSI 32P4720/4721 converts 
NRZ data from the controller into 1,7 RLL formatted 
data for storage on the disk. The SSI 32P4720/4721 
can operate with a soft or hard sector hard drive. 

In soft sector operation the device generates a 
"7, 7, 11, 11" Address Mark, and a preamble pattern. 

In the hard sector operation the device generates a 
19 x "3T' preamble pattern but no preceding Address 
Mark. The NRZIN pin must be kept low for the duration 
of the preamble pattern. The NRZ input data is clocked 
on the rising edges of WCLK. 

vco LOCK & BIT SYNC ENABLE Write precompensation circuitry is provided to 
compensate for media bit shift caused by intersymbol 

When the internal counter counts 16 more "3T" or a interference. The SSI 32P4720/4721 recognizes 
total of 19 positive transitions from RG enable, an specific write data patterns and can add or subtract 
internal VCO lock signal enables. The VCO lock signal delays in the time position of write data bits to 
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counteract the read back bit shift. The magnitude of the 
time shift, TPC, is determined by an external resistor on 
the WCS pin and by value of write precomp register. 

The SSI 32P4720/4721 performs write precompensa­
tion according to the algorithm outlined in Table 4. 

SOFT SECTOR 

In soft sector operation, when Read Gate (RG) transi­
tions low, VCO source and RRC source switch from RD 
and VC0/3, respectively, to the external reference 
clock. At the same time the VCO (internal) lock goes 
inactive but the VCO is locked to the external reference 
clock. After a delay of 1 NRZ time period (min) from RG 
low, the Write Gate (WG) can be enabled while NRZIN 
is maintained (NRZ write data) low. The Address Mark 
Enable (AMENB) is made active (high) a minimum of 1 
NRZ time period later. The Address Mark (consisting of 
7 "O's," 7 "O's," 11 "O's,"11 "O's") and the 19 x "3T" 

1,7RLLDATA 0 

vco 

VCOl2 ' 

Preamble is then written by WD. While the preamble is 
being written, the encoder is active. Therefore, WCLK 
must be clocking in an all "O" NRZIN pattern. The first 
non-zero NRZIN input bit indicates the end of the 
preamble pattern. After a delay of 10-12 NRZIN bit time 
periods, non preamble data begins to toggle out WD. 
Finally, atthe end of the write cycle, 16 bits of blank NRZ 
time passes to ensure the encoder is flushed of data; 
WG goes low. WD stops toggling a maximum of 2 NRZ 
time periods after WG goes low. 

HARD SECTOR 

In hard sector operation, when read gate (RG) transi­
tions low, the write sequence is the same as the soft 
sector operation except the AMENB (address mark 
enable) is kept low. 

The SSI 32P4720/4721 then sequences from RG dis­
able to WG enable and NRZIN input is active as in soft 
sector operation. 

DECODE WINDOW. 141•------•141•------•114•------·I 
PHASE DET 
ENABLE ' 

ARC 

NAZ BIT CELL ll4-·----------tlo"4\•1----------~lo1 
NOTE: • Denotes internal signal 

FIGURE 3: Data Synchronization Waveform 
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x )K 01 x 02 

PRESENT 

x YZ x Y3' ~ Y1 x Y2 x 
PREVIOUS I I 
Cffs\~~~0 1 

1 WORD BIT 

I 

)K 03 

Y3 ~ Y1 

11 NEXT 
I CODEWORD 

FIRST BIT 

x 
1,7CODE 

SSI 32P4720/4721 
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04 x NRZDATA 

FIGURE 4: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 

WCLK 

WG 

NRZIN ----------~/ ___ 0_1 __ _,X~ ___ 02 __ ~X~ ___ o3 __ 'G_ 

FIGURE 5: WG Timing Requirement for Predictable Write Encoding 

A decodable write pattern will always be generated, regardless of the phasing of WG. However, a repeatable 
write pattern will be generated only if WG satisfies the same WCLK setup and hold requirements as the 
NRZIN data. 
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TABLE 1: Decode Table 

ENCODED READ DATA DECODED DATA 

Previous Present Next 
VY yyy yyy DD 
2' 3' 1 2 3 1 2 3 1 2 
0 0 0 0 0 xxx 0 1 
1 0 0 0 0 xxx 0 0 
0 1 0 0 0 xxx 0 1 
xx 1 0 0 xxx 1 1 
x 0 0 1 0 0 0 1 1 
x 0 0 1 0 1 0 1 0 
XO 0 1 0 0 1 1 0 
x 1 0 1 0 0 0 0 1 
x 1 0 1 0 1 0 0 0 
x 1 0 1 0 0 1 0 0 
0 0 0 0 1 xx 0 1 
1 0 0 0 1 xx 0 0 
0 1 0 0 1 xx O O jPreamblel 
xx 1 0 1 xx 1 0 

TABLE 2: Encode Table 

NRZDATA ENCODED WRITE DATA 

Present Next Previous Present 
D D D D y y y y 

1 2 3 4 3 1 2 3 
0 0 0 x 0 0 0 1 
0 0 1 x 0 0 0 0 
0 0 1 x 1 0 1 0 
1 0 0 x 0 1 0 1 
1 0 1 x 0 0 1 0 
0 1 0 0 0 0 0 1 
0 1 0 0 1 0 1 0 
0 1 1 0 0 0 0 0 
0 1 1 0 1 0 0 0 
0 1 0 1 0 0 0 1 
0 1 0 1 1 0 0 0 
0 1 1 1 0 0 0 0 
0 1 1 1 1 0 0 0 
1 1 0 0 0 0 1 0 
1 1 1 0 0 1 0 0 
1 1 0 1 0 1 0 0 
1 1 1 1 0 1 0 0 

NOTE: X = Don't Care 
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TABLE 3: Clock Frequency 

WG RG VCOREF RRC DECCLK ENCCLK MODE 

0 0 FREF/2 FREF/3 FREF/2 FREF/2 IDLE 

0 1 RD VC0/3 VC0/2 FREF/2 READ 

1 0 FREF/2 FREF/3 FREF/2 FREF/2 WRITE 

1 1 FREF/2 FREF/3 FREF/2 FREF/2 UNDEFINED 

Note 1: Until the VCO locks to the new source, the VC0/2 entries will be 
FREF/2. 

2: Until the VCO locks to the new source, the VC0/3 entries will be 
FREF/3. 

TABLE 4: Write Precompensatlon Algorithm 

BIT BIT BIT BIT BIT COMPENSATION 

n-2 n-1 n n+1 n+2 BIT n 

1 0 1 0 1 NONE 

0 0 1 0 0 NONE 

1 0 1 0 0 EARLY 

0 0 1 0 1 LATE 

LATE: Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+ 1 time position. 

EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 
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MODE CONTROL 

The operating modes of the SSI 32P4720/4721 are controlled with the RG, WG, AMENB, andPWRON pins 
and by bits in the test mode control register and power mode control register. The SSI 32P4 720/4.721 has three 
operating modes: Read Mode, Write Mode and Servo Mode. In addition, there are the Idle Mode and Sleep 
Mode for reduced power consumption. 

WG RG AMENB TEST SERVO SLEEP PWRON MODE 
BIT BIT BIT 

x x x x x x 0 Power Down. All functions of the device 
are powered down. The serial port must 
be reprogrammed when returning from 
this mode. --x x x x x 1 1 Sleep Mode. All functions of the device 
are powered down except the serial port 

!---------
registers. Data is retained in the registers. 

0 0 x 0 1 0 1 Servo Mode. The AGC is active, the data 
separator is powered down, and rectified 
AGC data is available at the SER_ OUT 
pin. The RD I 0 output buffer can be made 
active to monitor servo timing data. 

0 0 x 1 0 0 1 Test Mode. The RDIO pin is set as an 
input buffer. TTL read data can be driven 
into the RDIO pin to test the data separa-
tor. AM ENB pin determines hard/soft sec-
tor mode. 

0 0 0 0 0 0 1 Idle Mode. AGC is active, VCO is locked 
to the external reference clock. 

0 0 1 0 1 0 1 Address mark search mode. The AM D pin 
is driven high, the AGC is active, the VCO 
is locked to the external reference, NRZ is 
Hi-Z, and the data separator searches for 
the address mark pattern. 

0 1 0 1 0 0 1 Read Mode. The AGC is active, the VCO 
switches from external reference to inter-
nal ORD afterdetectionof 3 x3Tpatterns. 
After 19 x 3T the RRC switches from the 
external reference to the internal ORD 
and the NRZ output is made active. 

0 1 1 1 0 0 1 Illegal state. RG should not be made 
active until after the AMENB pin is re-
leased. 
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MODE CONTROL (continued) 

WG AG AME NB TEST SERVO SLEEP 
BIT BIT BIT 

1 0 0 0 0 0 

1 0 1 0 0 0 

1 1 x 0 0 0 

POWER DOWN MODES 

The SSI 32P4720/4721 provides three power saving 
modes to support servo only and shut-down operations. 
In the Servo Mode, the pulse detector and servo 
circuitry is operational while the data separator circuitry 
is placed into power down mode. Operating power in 
this mode is 235 mW. In the Sleep Mode, the registers 
in the serial port remain powered-up so that 
programming information is retained. Operating power 
in this mode is 40 mA. For complete shut-down, a 
power down mode is provided that removes power 
from all circuits in the device. During this mode, the 
serial port registers are powered down and programming 
data must be rewritten to the device upon coming out 
of Power Down Mode. Power dissipation in Power 
Down Mode is less than 15 mW. 

SERIAL PORT OPERATION 

The SSI 32P4720/4721 provides a simple serial port 

PWR 
DWN 

1 

1 

1 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

MODE 

Write Mode. The AGC gain is held and the 
input impedance is reduced, NRZ pin is 
Hi-Z, and the VCO is locked to the exter-
nal reference. A preamble pattern is gen-
erated, WD is active, NRZIN data is en-
coded. 

Write Address Mark. The AGC gain is 
held and the input impedance is reduced, 
NRZ pin is Hi-Z, and the VCO is locked to 
the external reference. An address mark 
and preamble pattern are generated, WD 
is active, NRZIN data is encoded. 

Illegal state. RG and WG should not be 
made active at the same time. 

edges of the clock signal provided on the SCLK pin. 
The falling edge of SDEN latches the data internally 
and intitiates the function selected. To save power the 
serial port circuitry is powered down when the SDEN 
line is low. Because of this, there is a minimum set-up 
and hold time for the SDEN signal (refer to specifica­
tions.) Address mapping for the serial port is as fol­
lows: 

SERIAL PORT ADDRESS MAP 

Address Register Function 

0000 Test Mode Control Register 

0001 Write Precomp Control Register 

0 0 1 0 Window Shift Control Register 

0 0 1 1 Power Mode Control Register 

interface that allows programming of the device's inter- Note: At Power-Up, all register bits are reset to "O." 
nal registers. The write-only serial port is a three-line 
interface that requires an enable signal (SDEN) along 
with clock (SCLK) and data (SDATA) signals to pro-
gram the internal registers of the SSI 32P4720/4721. 
Data is shifted into the registers in 8-bit bytes that are 
divided intofourbits of address and four bits of data. To 
load data into the device, the enable pin (SDEN) is 
asserted for eight clock cycles during which data can 
be presented on the SDATA input pin. Data on the 
SDATA pin is clocked into the device on the falling 
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TEST MODE CONTROL REGISTER MAPPING 

REGISTER BIT FUNCTION 

xxxo Selects the signal source for the VCOR, VCO_CLK, and DRD test pins. 
"O" VCOR pin = VCOR "1" VCOR pin = phase detector pump-down 

DRD* pin = DRD* DRD* pin = phase detector pump-up 
VCO_CLK pin= VCO_CLK VCO_CLK pin= Disable detector 

xx ox Controls the test buffers on VCOR, VCO_CLK, and DRD test pins. 
"O" = test buffers disabled 
"1" = test buffers enabled 

xoxx Selects the data separator input source. 
"O" = Pulse detector data input to the data separator 
"1" = RDIO input data to the data separator 

ox xx Selects the source of the test point signals for VCOR, VCO_CLK, and DRD. 
"O" = VCO signals are available 
"1" = FREF signals are available 

WRITE PRECOMP CONTROL REGISTER MAPPING 

xooo No write precompensation selected 
X001 Minimum precompensation (1X) 
" 

x 1 1 1 Maximum precompensation (7X) 

ox xx Controls the phase detector. 
"O" = Normal phase detector operation 
"1" = Phase detector disabled (coast mode) 

WINDOW SHIFT CONTROL REGISTER MAPPING 

0000 
0001 

1 1 1 1 

No window shift selected 
Minimum window shift selected (1X) 

Maximum window shift selected (16X) 

POWER MODE CONTROL REGISTER MAPPING 

xxxo Selects the window shift direction 
"O" = Early window shift 
"1" = Late window shift 

xx ox Controls the RDIO TTL output buffer (subordinate to the Test Mode Control 
Register bit XOXX.) 
"O" = RDIO buffer disabled (Hi-Z) 
"1" = RDIO buffer enabled 

XOXX Controls the "Servo" power down mode. 
"O" = Selects normal operation 
"1" = Selects Servo Mode. The data separator is powered down. 

ox xx Controls the chip "Sleep" power down mode. 
"O" = Selects normal operation 
"1" =Selects Sleep Mode. Only the serial port registers are powered up. 
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PIN DEFINITION (PRELIMINARY) 

NAME TYPE DESCRIPTION 

AGC I AGC Reference. Voltage level input for setting the signal level for the read data 
AGC loop. 

AGND I Analog ground pin for the data separator section. 

AGND3 I Analog ground pin for the pulse detector section. 

AGND4 I Digital ground pin for the pulse detector section. 

AMENS I Address Mark Enable. Active High level TTL input that enables the address mark 
detect and generation circuitry. This pin has an internal pull-up resistor. 

BYP I Bypass. An AGC timing capacitor is connected between this pin and AGND1 to set 
the AGC gain control. 

CIN+, CIN- I Clock Inputs. Analog input signals to the differentiator in the pulse detector clock 
circuit. 

DGND I Digital ground for TTL output buffers. 

DIN+, DIN- I Data Inputs. Analog input signals to the hysteresis comparator and full-wave 
rectifier circuits of the pulse detector. 

FREF I Frequency reference input for the internal PLL. 

HOLD I Active low TTL compatible input that holds the present AGC gain value. 

HYS I Hysteresis Level. Voltage level input that sets the trip level for the hysteresis 
comparator. 

IN+, IN- I Analog input data from the read/write preamplifier. 

IREF I Current input for programming the VCO center frequency, phase detector gain, 
and the 1/3 cell delay. Current can be set with an external resistor to VPA2 or by 
an external current DAC. 

wcs I Write Precompensation Set. Pin for reference current to set the write 
precompensation magnitude value. A resistor is connected from WCS to VPA. 

RDIO 1/0 Read Data Test Point. Bidirectional test pin that is a TTL compatible read data 
output during servo mode and a read data input during the test mode. lntest mode, 
a read data signal applied to this pin goes into the data separator, bypassing the 
pulse detector circuit. 

RS I Analog input for adjusting the window symmetry. An external resistor connected 
between this pin and VPA3 provides magnitude control of the window shift 
symmetry. 

AG I Read Gate. A high TTL level selects read mode and enables the PLL to lock to the 
incoming read data. A low level allows the PLL to lock to the external reference 
signal at FREF. 

SCLK I TTL compatible. Serial port clock input used forelocking in data on the SDATA pin. 
The clock source for this pin should be externally gated with the SDEN signal. 

SDATA I TTL compatible. Serial port input data. 
SDEN I TTL compatible. Serial port enable input. 

PWRON I Active high TTL input signal that enables the device. When this pin is brought low 
it puts the device into a complete power down mode. 

VPA1 I +5V analog power input. 
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PIN DEFINITION (PRELIMINARY) (Continued) 

NAME TYPE DESCRIPTION 

VPA1 - +5V analog power supply for data separator. 

VPA2 - +5V digital power supply for data separator. 
VPA3 - +5V power supply for pulse detector. 
VPA4 - +5V digital power supply for pulse detector. 

VPD - +5V digital power for TTL output buffers. 

NRZIN I NAZ Input Data. TTL compatible NAZ write data input. 

WCLK I Write Clock. TTL level clock that is synchronous with the data on NRZIN pin. 

WG I Write Gate. Active high TTL compatible input that enables the write mode. 
AMO 0 Address Mark Detect. Active low level TTL compatible signal that indicates successful 

detection of an address mark during read mode. High impedance when in write mode. 

GOUT 0 Test point signal for monitoring the output of the pulse detector clock flip-flop. An 
external pull-down resistor is required to use this pin (5kn) 

DIFF+, DIFF- 0 Pins for implementing the external differentiator network for the pulse detector 
clocking circuit. 

DOUT 0 Test point signal for monitoring the output of the pulse detector data flip-flop. An 
external pull-down resistor is required to use this pin (5kn) 

ORD 0 A multiplexed open emitter test signal. When RG is high the output is the DAD signal 
from the 1/3 cell delay. When RG is low the output is the PLL reference clock. 
External pull-up and pull-down resistors are required to use this pin. They should be 
disconnected during operation to reduce power consumption. 

FLTR 0 This is the output of the phase detector to which the loop filter must be connected. 

LEVEL 0 Open emitter output from the fu II-wave rectifier that can be used for the HYS pin input 
voltage. 

NAZ 0 TTL compatible NAZ output data that is synchronous to the read reference clock. 

OUT+, OUT- 0 Differential outputs of the AGC amplifier. 

SER_ OUT 0 Full-wave rectified output of the signal appearing at the DIN± inputs. 

RAC 0 Read Reference Clock. TTL compatible clock that is synchronous to NRZ out data 
during read mode. During write mode the RRC is the FREF divided by three. 

R/W 0 READ/WRITE. TTL level output that is an inverted version of the WG input pin. This 
output can be used to control the external read/Write amplifier. 

VCO_CLK 0 Open emitter test point output of the VCO clock. External pull-up and pull-down 
resistors are required to use this pin. They should be disconnected during operation 
to reduce power consumption. 

VCOD 0 VCO Disable. Active Low TTL compatible output signal that is used to disable the 
external reference signal at FREF during the read mode. The signal is asserted in 
read mode alter the PLL has locked to incoming read data. 

SER_REF 0 Reference voltage output for the servo signals. 

WD 0 TTL compatible encoded write data output for the read/write preamplifier. 

VCOR 0 Open emitter test point output of the VCO reference signal. External pull-up and pull-
down resistors are required to use this pin. They should be disconnected during 
operation to reduce power consumption. 
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ELECTRICAL SPECIFICATIONS 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

Recommended operating conditions apply unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VPA, VPD 

Pin Voltage (Analog pins) 

Pin Voltage (All others) 

Storage Temperature 

Lead Temperature (Soldering 1 O sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

Supply Voltage (VPA & VPD) 

Junction Temperature, Tj 

Ambient Temperature, Ta 

POWER SUPPLY 

PARAMETER CONDITIONS 

IVPA Supply Current Outputs unloaded; 
IVPD PWRON = high or open 

Pd Power dissipation Ta= 25°C, outputs unloaded 

SERVO Bit= 1 

SERVO Bit= 1 

PWRON =low, 
Outputs unloaded 

ELECTRICAL CHARACTERISTICS 

RATING 

6.0 

-0.3 to VPA, + 0.3 

-0.3 to VPD + 0.3 
or +12 mA 

-65 to 150 

260 

MIN NOM 

4.75 5.0 

25 

0 

MIN NOM 

146 

730 

235 

40 

15 

UNIT 

v 
v 
v 

oc 
oc 

MAX UNIT 

5.25 v 
135 oc 
70 oc 

MAX UNIT 

mA 

mW 

mW 

mW 

mW 

Unless otherwise specified, 4.75V< VCC <5.25V, 12 MHz< 1/TORC <24 MHz, 30 MHz< 1/TVCO <72 MHz, 
0 °C< Ta <70 °C. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIH High Level Input 2.0 VPD + 0.3 v 
Voltage 

VIL Low Level Input -0.3 0.8 v 
f------

Voltage 

llH High Level Input VIH = 2.4V 100 µA 
Current 

--~-··-~--- ---- ---·--~"--···---- ·--··-

Ill Low Level Input VIL= 0.4V -0.4 mA 
Current 
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ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified, 4.75V< VCC <5.25V, 12 MHz< 1/TORC <24 MHz, 30 MHz< 1/TVCO <72 MHz, 
0 °C< Ta <70 °C. 

PARAMETER CONDITIONS 

VOH High Level Output IOH = 400 µA 
Voltage 

VOL Low Level Output IOL = 4 mA 
Voltage 

FREF Input Low Current VIL= 0.4V 

FREF Input High VIH = 2.4V 

VOHT Test Point 262Q to VPD 
Output High Level 402Q to DGND 
ORD, VCO REF, VCO CLK VPD = 5.0V 

VOLT Test Point 262Q to VPD 
Output Low Level 402Q to DGND 
ORD, VCO REF, VCO CLK VPD = 5.0V 

PULSE DETECTOR SPECIFICATIONS 

READ MODE (R/G is high) 

AGC Amplifier 

MIN NOM MAX UNIT 

2.4 v 

0.5 v 

TBD mA 

TBD mA 

VPA v 
- 0.85 

VPA v 
- 1.75 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN± and 
amplitude is between 25 mVpp & 250 mVpp differential. OUT± are loaded differentially with >600il, and each 
side is loaded with< 10 pFto AGND, and AC coupled to DIN±. A 2000 pF capacitor is connected between BYP 
and AGND. AGC pin is open. 

PARAMETER CONDITION MIN NOM MAX UNIT 

Gain Range 1.0 Vpp:::; (OUT+) - (OUT-) 4 80 VIV 
s3.0Vpp 

Output Offset Voltage Variation Over entire gain range -200 0 +200 mV 

Maximum Output Set by BYP pin 3.0 Vpp 
Voltage Swing THDS 5% 

Differential Input Resistance (IN+) - (IN-) = 100 mVpp 5.0 kQ 
@2.5 MHz 

-

Differential Input Capacitance (IN+) - (IN-)= 100 mVpp 10 pF 
@2.5MHz 

-~·~-

Common Mode Input R/W =high 1.8 kil 

Impedance R/W =low 250 Q 

Input Noise Voltage Gain set to maximum 15 nV../Hz 

Bandwidth -3 dB bandwidth at 32 MHz 
maximum gain 

OUT+ & OUT- Pin Current No DC path to AGND 3 mA 
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AGC Amplifier (Continued) 

PARAMETER 

CMRR (Input Referred) 

PSRR (Input Referred) 

(DIN+) - (DIN-) Input 
Swing vs. AGC Input 

(DIN+) - (DIN-) Input Voltage 
Swing Variation 

AGC Voltage 

AGC Pin Input Impedance 

Slow AGC Discharge Current 

Fast AGC Discharge Current 

AGC Leakage Current 

Slow AGC Charge Current 

Fast AGC Charge Current 

Fast to Slow Attack 
Switchover Point 

Gain Decay Time (Td) 

Gain Attack Time 

WRITE MODE (WG is high) 

I Common Mode Input 
_ Impedance 

1191 - rev. 

CONDITION 

(IN+)= (IN-)= 100 mVpp 
@ 2.5 MHz, gain set to max 

VPA1, 2 = 100 mVpp 
@ 2.5 MHz, gain set to max 

25 mVpp $(IN+) - (IN-)$ 250 mVpp, 

FR5TI) = high, 
0.5 Vpp $(DIN+) - (DIN-) $1.5 Vpp 

25 mVpp :5: (IN+) - (IN-) 
:5: 250 mVpp 

AGCopen 

(DIN+) - (DIN-) = OV 

Starts at 0.9 µs after R/W 
goes high, stops at 1.8 µs 
after R/W goes high 

HOLD= low 

(DIN+) - (DIN-)= 0.8 voe, 
vary AGC until slow charge 
begins 

(DIN+) - (DIN-) = 0.8 voe. 
VAGC = 3.0V 

[(DIN+)- (DIN-)] 

[(DIN+ )-(DIN-)JFINAL 

(IN+) - (IN-) = 250 mVpp to 
125 mVpp@2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 

(IN+) - (IN-) = 50 mVpp to 
25 mVpp at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

R/W = low to high 
(IN+) - (IN-) = 250 mVpp 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 
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MIN 

40 

30 

0.9 

0.8 

4.4 

4 

100 

-0.2 

-0.12 

-0.9 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

NOM MAX UNIT 

dB 

dB 

1.0 1.1 Vpp/V 

6.0 % 

1.0 1.2 v 
5.5 6.6 k.Q 

4.5 6 µA 

120 140 µA 

0 +0.2 µA 

-0.18 -0.24 mA 

-1.3 -1.7 mA 

125 % 

12 µs 

60 µs 

2 µs 

250 



SSI 32P4720/4721 
Pulse Detector & 
Data Separator 

HYSTERESIS COMPARATOR 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 0.5 voe is applied to the HYS pin. R/W pin is high. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 0.6 1.0 1.5 Vppd 

Differential Input Resistance (DIN+) - (DIN-) = 100 mVpp 12.5 15 17.5 kQ 
@2.5MHz 

Differential Input Capacitance (DIN+) - (DIN-)= 100 mVpp 5.0 pF 
@2.5MHz 

Common Mode Input 3 4 5 kQ 
Impedance (Both Sides) 

Level Gain 0.6 Vpp < (DIN+) - (DIN-) 1 VNpp 
Level Pin Output Voltage < 1.5 Vpp, 1 OK between 
vs. (DIN+) - (DIN-) LEVEL and AGND 

Level Pin Output Offset Voltage 10 kQ between level TBD 
and AGND 

Level Pin Output Impedance ILEVEL = 0.2 mA 250 Q 

Level pin Maximum 1.5 mA 
Output Current 

Tracking Threshold Tolerance -15 +15 % 

Hysteresis Gain 0.3 V < HYS < 1.0V 0.36 VN 

HYS Pin Input Current 0.5 V < HYS < 1.5V 0.0 -10 µA 

Comparator Offset Voltage HYS pin at AGND 5.0 mV 
~ 1.5 kQ across DIN± 

DOUT Pin Output Low Voltage 5 kQ from DOUT to GND VPA-2.8 v 
DOUT Pin Output High Voltage 5 kQ from DOUT to GND VPA-2.4 v 

ACTIVE DIFFERENTIATOR 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 1 OOQ in series with 65 pF are tied from DIF+ to DIF-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Signal Range 0.6 1.0 1.5 Vppd 

Differential Input Resistance (CIN+) - (CIN-) = 100 mVpp 12.5 15 17.5 kQ 
@2.5 MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVpp 5.0 pF 
@2.5MHz 

Common Mode Input Impedance Both sides 3 4 5 kQ 

Voltage Gain From (DIF+ to DIF-) = 2 kQ 1 VN 
CIN±to DIF± 
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ACTIVE DIFFERENTIATOR (continued) 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

Unless otherwise specified, recommended operating conditions apply. Input (CIN+)-(CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

DIF+ to DIF- Pin Current Differentiator impedance must ±0.7 mA 
be set so as to not clip the 
signal for this current level 

Comparator Offset Voltage DIF+, DIF- are AC-coupled 0 5.0 mV 

COUT Pin Output Low Voltage 5 kQ from GOUT to GND VPA-2.8 v 

GOUT Pin Output High Voltage 5 kQ from COUT to GND VPA-2.4 v 

GOUT Pin Output Pulse Width 30 ns 

SERVO BURST CAPTURE 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

SERV_REF DC Pin Level 1.0 1.3 v 

SERV_OUTto 
SERV _REF Offset DIN+ shorted to DIN- ±40 mv 

SERV_OUT Level vs. V(SERV OUT - SERV Rff) ±TBD % 
AGC Pin Voltage V(AGC) 

= 1.0 Vp/V 

SERV_OUT Level vs. V(SERV OUT - SERV REF) ±TBD % 
DIN+ - DIN- Pin Voltage V(DIN+ - DIN-) 

= 1.0 Vp/Vpp 

Allowable Load Impedance Equivalent parallel 10 kQ 
SERV_OUT or SERV_REF to GND resistance and capacitance 5 pF 

Rfi.J---~ Rfi.J---~ 

Lowa----+---~ LowO------+----~ 

.9µs >---------- .9µs ,__ _____ _ 
Fast Charg_e_s_w_itc_h --~~~---- Fast Charge Switch ~,_______, __ _ 

1 

I t -----_,_!"---. F - -2s% 

(DIN+ - DIN-) I It 
I __,...1~~--

------r I 
. I I 
Fast Slow 
Charge Charge 

Figure A: AGC Attack Sequence 

FIGURE 7: AGC Timing Diagram 
5-109 

I 
I 

I 
I Fast . Slow 

Discharge Discharge 

Figure B: AGC Decay Sequence 
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SSI 32P4720/4721 
Pulse Detector & 
Data Separator 

QUALIFIER TIMING 

Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) -
(DIN-) are in-place as a coupled, 1.0 Vpp, 2.5 MHz sine wave. 1 oon in series with 65 pF are tied from DIF+ 
to DIF-. 0.5V is applied to the HYS pin. COUT and DOUT each have a 5 kn pull-down resistor (fort est purposes 
only.) R/W pin is high. 

PARAMETER CONDITIONS MIN NOM 

Td1 

Td3 

Td4 

Td3-Td4 

Td5 

D Flip-Flop Set Up 
Time 

Propagation Delay 

Propagation Delay 

Pulse Pairing 

RD Output Pulse Width 

V(CIN+)- (CIN·) 
and 

V(DIN+)- (DIN·) 

Minimum allowable time 
delay from (DIN+) - (DIN-) 
exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 

From positive peak to Roo• 
output pulse 

From negative peak to Roo• 
output pulse 

ROW pin open 

-HYSTERESIS LEVEL 

DIFFERENTIATOR 
COMPARATOR OUTPUT 

VcouT 

"RO OUTPUT 

Td3 r-Td4 

0 

TBD 

TBD 

24 32 

FIGURE 8: Read Mode Digital Section Timing Diagram 
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MAX UNIT 

ns 

ns 

ns 

1.0 ns 

41 ns 
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DATA SEPARATOR SPECIFICATIONS 

DYNAMIC CHARACTERISTICS AND TIMING 

READ MODE (See Figure 9) 

PARAMETER CONDITIONS 

TRRC Read Clock Rise Time O.BV to 2.0V, CL s; 15 pF 

TFRC Read Clock Fall Time 2.0V to o.sv, CL s; 15 pF 

RRC Duty Cycle 12 - 20 Mbit/s 

>20 - 24 MbiVs 

TNS,TNH NRZ (out) Set Up/ 12 - 20 Mbit/s 

Hold Time >20 - 24 Mbit/s 

TPNRZ NRZ (out) 
Propogation Delay 

TPAMD AMO Propogation Delay 

AMO Set Up and Hold Time 
(TAS, TAH) 

1/3 Cell Delay TD= 3.6 (RR+1.7) 
2.1kns;RRs;6.1 kQ 

WRITE MODE (Design Targets) (See Figure 10) 

PARAMETER CONDITIONS 

TWO Write Data Pulse Width CL s; 15 pF 
TC= 3.52 (RC+ 0.53) 
RC =kn 

TRWD Write Data Rise Time O.BV to 2.0V, CL s; 15 pF 

TFWD Write Data Fall Time 2.0V to O.BV, CL s; 15 pF 

TSNRZ NRZIN Set up Time 

THNRZ NRZIN Hold Time 

TPWD Write Data CLs;15pF;TPC=0 
Position Accuracy 

TPC Precompensation TP= 0.22M (RC + 0.53) 
Time Shift 

Magnitude RC (MIN)= TBD 

Accuracy RC (MAX) = TBD, 
M = Value programmed in 
write precomp control register 

5-111 

MIN 

43 

40.8 

15.5 

13 

13 

0.8TD 

MIN 

2TOWC/3 
-TPC-5 

5 

5 

TBD 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

NOM MAX UNIT 

8 ns 

5 ns 

50 57 % 

50 59.2 % 

ns 

ns 

TBD 
ns 

TBD ns 

ns 

1.2TD ns 

NOM MAX UNIT 

2TOWC/3 ns 
+TPC +5 

9 ns 

5 ns 

ns 

ns 

±1 ns 

TP TBD ns 



SSI 32P4720/4721 
Pulse Detector & 
Data Separator 

INPUT REQUIREMENTS 

PARAMETER 

TAD Read Data 
Pulse Width 

TFRD Read Data Fall Time 

TRWC Write Data Clock 
Rise Time 

TFWC Write Data Clock 
Fall Time 

CONDITIONS 

2.0V too.av, CL:;; 15 pF 

o.av to 2.ov 
CL:515pF 

2.ovto o.av 
CL::;15pF 

REFERENCE CLOCK CHARACTERISTICS 

TXPW Reference Clock 
Pulse Width 

Reference Clock AC coupled 
P-P Amplitude 

DATA SYNCHRONIZATION (Design Targets) 

PARAMETER CONDITIONS 

TVCO VCO Center VCO IN= 2.7V 
Frequency Period VCC =5.0V 

TO= 3.6 (RR+ 1.7) 
2.1 kn s RR s 6.1 kn 
RR= (93/DR) -1.7 kn (4721)) 

RRz 7;R4 - 2.1 kn (4720) 

vco Frequency 1 Vs VCO IN s VCC-0.6V 
Dynamic Range vcc =5.0 

KVCO VCO Control Gain roo = 2rr/TO 
1 Vs VCO IN s VCC 0.6V 

KO Phase Detector KD= 0.22/(RR+530) Read Mode 
Gain = 0.11 /(RR+530) Non-Read Mode 

VCC= SV, PLL REF= RD 3T ('100') Pattern 

Decode Window RS= N!C 
Centering Accuracy 

Decode Window RS= N/C 

DESIGN CHARACTERISTICS (Design Information Only) 

KVCO x KO Product 
Accuracy 

VCO Phase Restart Error Referred to RAC 

5-112 

MIN NOM MAX UNIT 

12 (413) TVC0-20 ns 

9 ns 

10 ns 

8 ns 

TBD TBD ns 

TBD TBD ns 

MIN NOM MAX UNIT 

O.BTO 1.2TO ns 

±25 ±45 % 

0.12wo 0.26wo rad/s-V 

0.83KD 1.17KD Nrad 

±1.5 ns 

(2TORC/3) -15 ns 

±28 % 

TBD TBD TBD rad 
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SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

~X:TRo:Y<~XTFRo x~rnRo -

AM[)---+-----+-~ 

TAH TAS 

TPAMD 

FIGURE 9: Read Timing 

TFWC 

FIGURE 10: Write Timing 
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PREAMBt.E 
7 ·rr 7 "rt' 11 ·rr 11 ·rr "3T" PATTERNS 

'Im------~ 

1 0000000 

AMENS r TIME MAX DELAY 
I ~ 

1 ENCODED DATA 

1ZER0r=---------------~ 

~ TIMING 
MIN I LT TRISTATE TRISTATE ,.__ BISTABLE 

6"rt' 
DETECT 

9"rt' 
DETECT 

I ~ 1 ENCODED DATA 

AMENB -----' +--r+l IJ( TIME MAX DELAY AMD" 1 Z~Rol 
Cf' TRISTATE >t-- BISTABLE 6 "O" 9 •O" MIN ~

TIMING 

~ DETECT DETECT TRISTATE 

.... 

§ 

~ 

TRISTATE ,.__ BISTABLE 6"rt' 
DETECT 

9"0" 
DETECT 

AMD"~=-~~~-----=~===== TRISTATE 

If 5 bits of RD are detected after 6 ·o· are found and before 9 "O" then restart and look for 6 "0." 

'Im 
7"0" 

6'0' 
Found 

CT 
1 

CT 
2 

CT 
3 

CT 
4 

FIGURE 11: Address Mark Search 

EXAMPLE 

CT 
s 

~RESTART 

CASE1 

0"0"&9"0"8 DETECT 1st 
PATTERN 

CASE2 

CASE3 

c "tJ en 
m c en ---D> "' w en <D N 
<D c "tJ 

"'C <D .a::i. 
D> - ...., -. <D N 
D> (") 0 ---0 0 .a::i. 
'"'I '"'I ...., 

RON ..... 
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N 
< 
~ c 

~ 

~ 

~ 
~ 

8 

c 
a; 

~ c 
>-

I 

f 
r 
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Cl 
c: 
'i§ 
i= 
(.) 
a: 
a: 
"C 
c: 
m 
N 
a: 
z 
Q) 
"C 
0 
:E 
"C m 
Q) 

a: 
(..i ,.... 
w 
a: 
:::> 
0 
u::: 



'.!: 
m 

§ 

~ 

19 

(ASSERT) 
RG 

_J--- - - . - - - ·-

. 
RG1-----~ 

JX•JT" 

~ i i i 
. 

ZERO PHASE -----~ 
RESTART 

VCOIN 

-----·---------------~ 

. 
VCOLOCK 

RAC rxx-~~~------------------------x x ~ ~ x---------x x ~ ~ x------~-----~=--=--x ~ R x--------------
2 RRC 2RRC 2RRC -1 MAX r- -1 MAX r- -1 MAX r-

NRZ PERIODS PERIODS Ix x x ~------------=-:~RIODS 
1 ST NON-ZERO 
TRANSITION 

BlT SYNC SEARCH* DISABLE (ENABLE) 

(VCOCL~*)~---------------------------~ 

* FREFCLOCK 
RRC ---

SOURCE .. 
* DLVOAD ~---------------------------------------, 

PHASE OET SOURCE 
FREFCLOCK 

INT COUNTER 

• =-Internal Source 
••=-Test Point 

19 

FIGURE 13: Read Mode Locking Sequence (Soft and Hard Sector) 

c "'tJ CJ) 
Q) c CJ) ---Q) (/) w 
CJ) <D I\) 

<D c "'tJ 
"C <D ~ 
Q) - ....... 
""'l <D I\) 
Q) (') 0 ---o O~ 
""'l ""'l ....... 

RO N 
...L 



§ 

~ 

~ 
.... 

WG _J 

WG 
(lr<TERNAL) 

AME NB 

wro 

WDNRZ 

I I 
1 NRZMIN 

1 NRZMIN 
+\27NRZMAX 

1 TIMING BETWEEN AMENB & START OF WDNRZ TIMING 
,----,--..,..----MUST MEET TIME REQUIREMENTS OF WRITE DATA. 

___ n~-
LJUU I LJU LJUU LJUU LJU 

I I I l 1-- L 
I I I I I I I 
] -- AM -T -- ENC DATA ---AM--T---~NCDAT~ --T AM ~DATA - --, AM ----i-- ENC DATA I 

FIGURE 14: Multiple Address Mark Write 

"'CJ (/) 

c =- ~ 
D> (/) w 
S' <D I\) 

cnC ~ 
<D <D ....... 

"'C S' I\) 
D> (") 0 
""I --D> 0 ~ 
- ""I ....... 0 ~I\) 
""I~ ...... 



~ 
(l) 

§ 

~ 

H 
m --i INAZr--

1 MIN I 

WG 

WG 
(INTERNAL I 

AME NB 

WON AZ 

woo 

VCOIN 

WDNRZ 

vco 
SOURCE 

ARC 
SOURCE 

_.1NAZL L_ 
MIN J 

I• MIN38NAZIFW 
------'· [.. 1 NRZMIN AMENB --------------.! L_ 

r--27NRZ 
~ MAX MIN OF 62 NAZ RECOMMENDED 

• .J 
1 

NAZ ("001" PATIERNS) ----------.J 
....,, MIN 

MAX OF 3 X 3T (1,7) DELAY TO SYNC AMENB 
TO INTERNAL STATE MAX OF 5 NAZ DELAY 

001 

11111 ADDRESS MARK •11111 PREAMBLE ____J__. ENCODED DATA 
_/\_ (19'3TPATIERN) 'I • 

VCO LOCKS BUT VCO LOCK SIGNAL WILL STAY INACTIVE 

!ID-*-
Ve;'---*--

FREF -,--

FREF 
-a 

5NRZPAOTO 
FLUSH ENCODER 

RAC~ 
MAX 2 TIME PERIODS 
OFRRC 

FIGURE 15: Write Data 

c "ti CJ) 
Q) c CJ) ---Q) (I) w 
CJ) C1) I\) 

C1) c "ti 
"C C1) ~ 
Q) - ...... 
""' C1> N 
Q) (") 0 ---o O~ 
""' ""' ...... 

$20 N ...... 



RG-------. 

i.lo-TDS _ _.,,I TD5•1 NRZMIN 

WG --------~ 

RRC 

SSI 32P4720/4721 
Pulse Detector & 

Data Separator 

I TD10 I O I TD10•1 NRZMlll 

WCLK 

____ r_oa ___ _.. TDS.14NRZ min 

TD6 • TBD 
TD6 j.-TD6 • 2 NRZ max 

FIGURE 16: Write Mode NRZ Data Timing 

:r ''t-o----1~ coW~~R 
J--Jvvv--VCC 

FIGURE 17: Typical Setup for Zoned Recording Appllcatlon 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

th 
::! ~ 

;!! " i!i iii !il ~ ~ a. ...... 
~lil!il~ll!li~!: g; 5l f6 

VCO_CK 9 

1ml)" 

VPA2 

FREF 

WG 

RG 

AME NB 

RRC 

VCOE 

R/W 

~ 
22 23 24 25 26 27 28 29 30 31 32 33 

c !illl!~~~.,i§§ti:~"" ._ 
> 8 z ~ ~ ~ 0 - ~ z 0 r:r.' 

w ., 

52·Pln PLCC 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

II. :c~~1ili!il~1 ... w ::! ~ 5l 5l ~ ~ li ~ ii: g; 

NlC 

OUT+ 38 

OUT· 37 

DIN+ 36 

CIN+ 35 

DIN· 34 

CIN· 33 

AGND3 32 

LEVEL 

HYS RRC 30 

VPA3 VCOE 11 29 

Rllm RIW 28 

SER_ OUT ~ 27 
15 18 17 18 19 20 21 22 23 24 25 28 

~ 
c ~ ~ ~ g ~ i § § ~ z 

" c z rr.' 
w ., 

52·Pln QFP 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 

NlC 

OUT+ 

OUT· 

DIN+ 

CIN+ 

DIN-

CIN· 

AGND3 

HYS 

VPA3 

mm 
SER_ OUT 
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DESCRIPTION 

The SSI 32P4730 device is a high performance BiCMOS 
single chip read channel IC that contains all the func­
tions needed to implement a complete zoned recording 
read channel for hard disk drive systems. Functional 
blocks include the pulse detector, programmable filter, 
4-burst servo capture, time base generator, and data 
separator with 1,7 ALL ENDEC. Data rates from 8 to 
24 MbiVs can be programmed using an internal DAC 
whose reference current is set by a single external 
resistor. 

Programmable functions of the SSI 32P4730 device 
are controlled through a bi-directional serial port and 
banks of internal registers. This allows zoned record­
ing applications to be supported without changing 
external component values from zone to zone. 

The SSI 32P4730 utilizes an advanced BiCMOS pro­
cess technology along with advanced circuit design 
techniques which result in a high performance device 
with low power consumption. 

FEATURES 
GENERAL: 

• 8-24 Mbit/s data rate (controlled by Internal 
DAC) 
Complete zoned recording application support 

Low power operation (<400 mW typical @ 5V) 

• Bi-directional serial port for register access 

Register programmable power management 
- Sleep mode <5 mW (Design goal::;; 1 mW) 
Power supply range (4.3 to 5.5 volts) 

Small footprint 64-pin TQFP package 

PULSE DETECTOR: 

• 

• 

Fast attack/decay modes for rapid AGC 
recovery 
Dual rate charge pump for fast transient 
recovery 
Low Drift AGC hold circuitry supports 
programmable gain, non-AGC operation 
Temperature compensated, exponential control 
AGC 

SSI 32P4730 
Single Chip 

Read Channel 

l!f! "' "*' tft (,];; .su [,] ,, 
December 1991 

Wide bandwidth, high precision full-wave 
rectifier 
Dual mode pulse qualification circuitry (user 
selectable) 
TTL RDIOslgnal output for servo timing support 

Timing for LOW-Zand fast decay functions set 
Internally 
0.5 ns max. pulse pairing with sine wave input 

4-burst servo capture 

Provision for on-chip switching of the 
hysteresis threshold time constant 

PROGRAMMABLE FILTER: 

Programmable cutoff frequency of 3 to 9 MHz 

Programmable boost/equalization of Oto 13 dB 

Matched normal and differentiated outputs 

• ± 10% Fe accuracy 

± 2% maximum group delay variation 

Less than 1.5% total harmonic distortion 

Low-Z Input switch 

• No external filter components required 

TIME BASE GENERATOR: 

• Better than 1 % frequency resolution 

• Independent M and N divide-by registers 

VCO center frequency matched to data 
synchronizer VCO 

DATA SEPARATOR: 

5-121 

Fast acquisition phase lock loop with zero 
phase restart technique 
Integrated 1,7 RLL Encoder/Decoder 

Fully Integrated data separator 
- No external delay lines or active devices 

required 
- No external active PLL components required 
Programmable decode window symmetry 
control via serial port 
- Window shift control ± 30% 
- Includes delayed. read data and VCO clock 

monitor points 
Hard and soft sector operation 
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FIGURE 1(A): SSI 32P4730 Combo Device Pan 1 
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DESCRIPTION 

The SSI 32P4740 device is a 5-volt single chip read 
channel IC that contains all the functions needed to 
implement a high performance read channel. Func­
tional blocks include the pulse detector, programmable 
filter, 4-burst servo capture, time base generator, and 
data separator with 1, 7 RLL END EC. Data rates from 
16 to 48 Mbit/s can be programmed using an internal 
DAC whose reference current is set by a single exter­
nal resistor. 

Programmable functions of the SSI 32P4740 device 
are controlled through a bi-directional serial port and 
banks of internal registers. This allows zoned record­
ing applications to be supported without changing 
external component values from zone to zone. 

The SSI 32P4740 utilizes an advanced BiCMOS pro­
cess technology along with advanced circuit design 
techniques which result in a high performance device 
with low power consumption. 

FEATURES 

GENERAL: 

• 16-48 Mbit/s data rate (controlled by internal 
DAC) 

• Complete zoned recording application support 

• Low power operation (600 mW typical @ 5V) 

• Bi-directional serial port for register access 

• 9 bit bi-directional NRZ bus 
- 8 data bits plus 1 parity bit 

• Register programmable power management 
- Sleep mode< 5 mW (Design goal: $1 mW) 

• Power supply range (4.3 to 5.5 volts) 

• Small footprint 100-pin TQFP package 

PULSE DETECTOR: 
• Fast attack/decay modes for rapid AGCrecovery 

• Dual rate charge pumpforfasttransient recovery 

• Low Drift AGC hold circuitry supports 
programmable gain, non-AGC operation 

• Temperature compensated, exponential control 
AGC 

SSl32P4740 
Single Chip 

Read Channel 

December 1991 

• Wide bandwidth, high precision full-wave 
rectifier 

• TTL RDIO signal output for servo timing 
support 

• Timing for LOW-Z and fast decay functions set 
internally 

• 0.5 ns max. pulse pairing with sine wave Input 

• 4-burst servo capture 

• Provision for on-chip switching of the hysteresis 
threshold time constant 

PROGRAMMABLE FILTER: 

• Programmable cutoff frequency of 5 to 18 MHz 

• Programmable boost/equalization of Oto 13 dB 

• Matched normal and differentiated outputs 

± 10% Fe accuracy 

± 2 % maximum group delay variation 

• Less than 1 % total harmonic distortion 

• Low-Z input switch 

• No external filter components required 

TIME BASE GENERATOR: 
Greater than 1 % frequency resolution 

• Independent Mand N divide-by registers 

• VCO center frequency matched to data 
synchronizer VCO 

DATA SEPARATOR: 
• Fast acquisition phase lock loop with zero phase 

restart technique 

• Integrated 1, 7 RLL Encoder/Decoder 

• Fully integrated data separator 
- No external delay lines or active devices 

required 
- No external active PLL components required 

• Programmable decode window symmetry 
control via serial port 
- Window shift control ±30% 
- Includes delayed read data and VCO clock 

monitor points 

• Hard and soft sector operation 

1291 - rev. 5-125 
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DESCRIPTION 

The SSI 32H116A is a high performance differential 
amplifier applicable for use as a preamplifier for the 
magnetic servo thin film head in Winchester disk 
drives. 

BLOCK DIAGRAM 

INPUT1 (+) u----1 

INPUT2 (-) ( >----1 

vcc 

--.....,----<i OUTPUT1 (+) 

_____ , I OUTPUT2 (-) 

VEE 

6-1 

FEATURES 

SSI 32H116A 
Differential Amplifier 

November 1991 

• Narrow gain range 

• 50 MHz bandwidth 

• IBM 3370/3380-compatlble performance 

• Operates on either IBM-compatible voltages 
(8.3V) or OEM-compatible (10V) 

• Packages Include 8-pin Plastic DIP and SON 

• SSI 32H1162 available to operate with a 12v 
power supply 

INPUT 1 (+) 1 

INPUT2 (-) 2 

SEE NOTE 1 3 

VEE 4 

PIN DIAGRAM 

8 SEENOTE 

7 vcc 

6 OUTPUT 2 (·) 

5 OUTPUT 1 (+) 

8·Pln PDIP, SON 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

II 



SSI 32H116A 
Differential Amplifier 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power Su_QQ_ly_ Volt<!9_elVCC-VEEl 

SSI 32H1162 

Differential ll}Qllt Volt~ 

Stor'!Q_e Tem_Q_erature Rarm_e 

O_Q_eratirm_ Ambient Te1T1P_eratureJTAl_ 

Operating Junction Temperature (TJ) 

RATING 

12 

14 

±1 

-65 to 150 

15 to 60 

15 to 125 

Output Voltage VCC -2.0 to VCC +0.4 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN 

Supply Voltage (VCC-VEE) 7.45 
t-----'-'--' 

9.0 

SSI 32H1162 only 10.8 

Input Signal Vin 

Ambient Temp TA +15 

ELECTRICAL CHARACTERISTICS 
Tj = 15 °C to 125 °C, (VCC-VEE) = 7.9V to 10.5V (to 13.2V for 32H1162) 

PARAMETER CONDITIONS MIN 

Gain (Differential) Vin= 1mVpp, 200 
TA = 25 °C, f = 1 MHz 

Bandwidth (3dB) Vin= 1mVpp, CL= 15 pF 20 

Gain Sensitivity (Supply) 

Gain Sensitivity (Temp.) 15 °C <TA< 55 °C 

Input Noise Voltage Input Referred, Rs = 0 

Input Capacitance (Differential) Vin = 0, f = 5 MHz 

Input Resistance (Differential) 

Common Mode Vin= 100 mVpp, f = 1 MHz 60 
Rejection Ratio Input Referred 

Power Supply VEE+ 100 mVpp, f = 1 MHz 46 
Rejection Ratio Input Referred 

6-2 

UNIT 

v 
v 
v 
oc 
oc 
oc 
v 

NOM MAX UNIT 

8.3 9.15 v 
10.0 11.0 v 
12.0 13.2 v 

1 mVpp 

+65 oc 

NOM MAX UNIT 

250 310 mV/mV 

50 MHz 

1.0 %/I/ 

-0.16 %/C 

0.7 0.94 nV/VHz 

40 60 pF 

200 Q 

70 dB 

52 dB 

1191 - rev. 
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SSI 32H116A 
Differential Amplifier 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Input Dynamic AC input voltage where ±0.75 mV 
Range (Differential) gain falls to 900/o of its small 

signal gain value, f - 5MHz 

Output Offset Vin=O -400 +400 mV 
Voltage (Differential) 

Output Voltage (Common Mode) Inputs shorted together and VCC-0.4~ VCC-0.6 VCC-1.0 v 
Outputs shorted together 

Single Ended Output Capacitance 10 pf 

Power Supply Current VCC-VEE = 9.15V 28 40 mA 

VCC-VEE = 11V 29 42 mA 

VCC-VEE = 13.2V, 32H1162 only 39 50 mA 

Input DC Voltage Common Mode VEE+2.6 v 
Input Resistance Common Mode 80 0 

APPLICATIONS INFORMATION 

CONNECTION DIAGRAM 

vcc 

Cc Rea 
..-~~--j ....... ~~--41---+-~--f~ 

Rea -= 

RECOMMENDED LOAD CONDITIONS 

1. Input is directly coupled to the head 

2. Cc's are AC coupling capacitors 

3. RL's are DC bias and termination resistors, 
1000 recommended 

~4. REQ. represents equivalent load resistance 

Ceramic capacitors (0.1 µF) are recommended 
for good power supply noise filtering 

5. 

VEE 

6-3 



SSI 32H116A 
Differential Amplifier 

PACKAGE PIN DESIGNATIONS 
(Top View) 

INPUT 1 (+) 1 

INPUT2(-) 2 

SEENOTE1 3 

VEE 4 

8 N/C 

7 vcc 

6 OUTPUT 2 (-) 

5 OUTPUT 1 (+) 

8-Pln PDIP, SON 

NOTE : Pin must be left open and not connected to any circuit etch. 

ORDERING INFORMATION 

PART DESCRIPTION ORDERING NUMBER 

SSI 32H116A Differential Amplifier 

8-Pin SON 32H116A-CN 

8-Pin PDIP 32H116A-CP 

SSI 32H1162A 

8-Pin SON 32H1162A-N 

8-Pin PDIP 32H1162A-CP 

PACKAGE MARK 

H116A 

32H116A-CP 

H1162A 

32H1162A-CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 8-4 1191 - rev. 



DESCRIPTION 

The SSI 32H523AR Read/Write device is a bipolar 
monolithic integrated circuit designed for use with a 
two terminal thin film recording head. It provides a low 
noise read amplifier and write current control. In its 
servo application, the device will be used in write mode 
once then switched permanently to read mode. Data 
protection is provided in both write and read modes to 
guarantee servo data security. Power supply fault 
protection is effective in both write and read modes 
while head short circuit protection is provided in write 
mode. Further data security can be provided in read 
mode by removing the write current source voltage. It 
requires +SV and+ 12V power supplies and is available 
in a 14-pin SON surface mount package. Internal 
1ooon damping resistors are provided. 

BLOCK DIAGRAM 

VOO VCC1 GNO VCC2 

RfN 

ROX 

ROY 

WC 

1291 - rev. 6-5 

SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 

December 1991 

FEATURES 

• High performance: 
Read mode gain = 250 VN 
Input noise= 1.0 nvt./HZ max. 
Input capacitance = 45 pf max. 
Write current range= 1 O mA to 40 mA 
Head voltage swing = 3.4 Vpp min. 
Write current rise time = 13 nsec 

• Highest level of data security provided 

• Power supply fault protection 

• Head to ground short circuit protection 

• +5V, + 12V power supplies 

HOX 

HOY 

PIN DIAGRAM 

ROX 14 VOO 

ROY 2 13 HOX 

RNil 3 12 HOY 

GNO 4 11 NC 

WDM 5 WC 

WI5I 6 

WDI 7 

14-PIN SON 

CAUTION: Use handling procedures necessary 
for a stadc sensitive component. 

• 



SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 

CIRCUIT OPERATION 

The SSI 32H523AR provides write drive or read 
amplification. Mode control is accomplished with pins 
WDM, Write Data Mode, and R/W, as shown in Table 
1. An internal resistor pullup on R/W will force the 
device into a non-writing condition if the line is opened 
accidentally. 

WRITE MODE 

The write mode configures the SSI 32H523AR as a 
differential current switch. The WDM pin state 
determines whether write current transitions are 
controlled by a single-ended TTL input, WDI, or by 
differential (ECL-like) inputs, WDI and WDI. With 
WDM open, write current is toggled between the X and 
Y direction of the head on each high to low transition on 
pi~.~DI, Write Da~a Input. A preceding read operation 
1rn!1ahzes the Wnte Data Flip-Flop (WDFF) to pass 
write current in the X-direction of the head. 

With WDM grounded the head current direction is 
controlled by differential inputs WDI and WDI. For 
(WDI - WDI) > 200mV the current is in the X-direction. 

The magnitude of the write current (0-pk) given by: 

lw= Vwc 
Rwc 

where Vwc (WC pin voltage) = 1.65V ± 5%, is 
programmed by an external resistor Rwc, connected 
from pin WC to ground. The actual head current Ix y 
is given by: ' 

Ix y- lw 
' -1 +Rh/Rd 

where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 

6-0 

Power supply fault protection improves data security 
by disabling the write current generator during a 
voltage fault or power supply sequencing. In addition 
a head to ground short circuit protection circuit will shut 
off the write driver and current to prevent excessive 
current and power dissipation. Triggering of this 
feature occurs when the DC voltage at either HDX or 
HOY is less than 2.0V ± 15% in write mode 

READ MODE 

The read mode configures the SSI 32H523AR as a low 
noise differential amplifier and deactivates the write 
current generator. The ROX and ROY outputs are 
open collectors. 

In read mode, the write data channel is powered down 
to reduce power consumption. Note that in write mode, 
the read amplifier is deactivated and will not pull any 
current from the load resistor. 

For maximum data security in read mode VCC2 is left 
open or grounded. This eliminates the voltage source 
for write current. 

TABLE 1: Mode Select 

WDM R/W MODE 

GND 0 Write 
Differential input 

OPEN 0 Write 
Single-ended input 

x 1 Read 

1291 -rev. 
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PIN DESCRIPTIONS 

NAME TYPE 

R/W I 

WDl,WDI I 

HDX, HOY 110 

RDX,RDY 0 

WC -
WDM I 

VCC1 -
VDD -
VCC2 -
GND -

DESCRIPTION 

SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 

Read/Write: a high level selects Read mode 

Write Data In: toggles the direction of the head current 

X, Y Head Connections: current in the X-direction flows into the X-port 

X, Y Read Data: differential read data output 

Write Current: used to set the magnitude of the write current 

Write Data Mode: Ground this pin for direct differential input using both 
WDI and WDI, leave open to selectTTL input using WDI and the internal 
Write Data Flip-Flop. 

+5V logic circuit supply 

+ 12V supply for read 

+5V power supply for write current drivers (see note) 

Ground 

Note: To ensure maximum data integrity in write-once servo applications, this pin should be left open or 
shorted to ground after writing servo information. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER SYMBOL VALUE UNITS 

DC Supply Voltage VDD -0.3 to +14 voe 
VCC1, 2 -0.3 to +7 voe 

Write Current lw 60 mA 

Digital Input Voltage Vin -0.3 to VCC1 +0.3 voe 
Head Port Voltage VH -0.3 to VCC2 +0.3 voe 
ROX, ROY Output Current lo -10 mA 

Storage Temperature Tstg -65to +150 oc 
Package Temperature (20 sec Reflow) 215 oc 

6-7 
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SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

DC Supply Voltage Read Mode 

Write Mode 

Output Pullup Resistors (to vce1) 

Ambient Temperature Read Mode 

Write Mode 

Operating Junction Temperature 

SYMBOL 

VDD 

VCC1 

VDD 

VCe1 

VCC2 

RL 

TAR 

TAW 

Tj 

VALUE UNITS 

12± 10% voe 

5± 10% voe 

12±5% voe 

5±5% voe 

5±5% voe 

100 n 
0- 70 oc 

20-43 oc 

0 to +135 oc 

DC CHARACTERISTICS (Unless otherwise speCified, recommended operating conditions apply.) 

PARAMETER CONDITIONS 

VDD Supply Current Read Mode 

Write Mode 

VCC1 Supply Current Read Mode 

Write Mode 

VCC2 Supply Current Read Mode, see Note 1 

Write Mode 

Power Dissipation (Tj = + 135°C) Read Mode, vec2 = 0 

Write Mode: lw = 40mA 

Input Low Voltage (VIL) Includes WDI w/WDM = open 

Input High Voltage (VIH) Includes WDI w/WDM = open 

Input Low Current (Ill) VIL= 0.8v 

Input High Current (IHL) VIH = 2.0v 

Input Voltage (WDI, WDI) WDM=GND 

Differential Input Voltage (WDI, WDI) WDM=GND 

VDD Fault Voltage 

VCC1 Fault Voltage 

Head Current Write Mode 0 :5 VDD :5 8.5V 
(HDX, HOY) 0 :5 VCC1 :5 3.5V 

Write Mode VCC2 = open or ground 

Read Mode 0 :5 vec1 :5 5.5V 
0 :5 VDD :5 13.2V 

Note 1 : If VCC2 is at ground or open this current is zero. 

6-8 

MIN 

-
-
-
-
-
-
-
-
-

2.0 

-0.4 

-
3.0 

200 

8.5 

3.5 

-200 

-200 

-200 

NOM MAX UNITS 

- 26 mA 

- 12 mA 

- 35 mA 

- 30 mA 

- 7 mA 

- 19 + lw mA 

- 500 mW 

- 500 mW 

- 0.8 voe 

- - voe 

- - mA 

- 100 µA 

- VCC1 voe 

- - mVDC 

- 10.0 voe 

- 4.1 voe 

- +200 µA 

- +200 µA 

- +200 µA 

1291 - rev. 
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WRITE CHARACTERISTICS 

SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 

Unless otherwise specified, recommended operating conditions apply, lw = 15mA, Lh = 1.5µH, Rh= 30'2 
f(DATA) = 5MHz, and +20°C < Tj < + 135°C 

PARAMETER CONDITIONS MIN. NOM MAX 

WC Pin Voltage (Vwc) - 1.65 ± 5% -
Differential Head Voltage Swing 3.4 - -
Differential Output Capacitance - - 25 

Differential Output Resistance 800 1000 1400 

Write Current Range 10 - 40 

READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, CL (ROX, ROY) < 20pF 

PARAMETER 

Differential Voltage Gain 

Gain Sensitivity 

Bandwidth -1dB 

-3dB 

Input Noise Voltage 

Differential Input Capacitance 

Differential Input Resistance 

Dynamic Range 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Output Offset Voltage 

Output Voltage (Common Mode) 

*VCC1 -0.42 
**VCC1 -1.0 

CONDITIONS 

Vin=1mVpp@1MHz, TA= 25°C 

15°C <TA< 55°C 

1Zs1<5il, Vin = 1 mVpp @ 300kHz 

1Zs1<5il, Vin = 1 mVpp@ 300kHz 

BW=15MHz, Lh=O µH, R =Oil 

Vin= 1mVpp, f = 5MHz 

Vin = 1 mVpp, f = 5MHz 

AC input voltage where gain falls 
to 90% of its small signal gain 
value, f=5MHz 

Vin = OVDC+ 1 OOmVpp @ 5MHz 

100m Vpp@5MHz on VDD, 
100m Vpp@5MHz on VCC1 

Vin= OV 

Inputs shorted together, and 
outputs shorted together 
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MIN NOM MAX 

200 250 300 

- -0.16 -
10 20 -
20 45 -
- 0.7 1.0 

- 40 45 

460 750 1.4K 

±2 - -

54 - -
54 - -

-600 - +600 .. . -

UNITS 

v 
Vpp 

pF 

n 
mA 

UNITS 

VN 

o/o/oC 

MHz 

MHz 

nV/VHz 

pF 

n 
mV 

dB 

dB 

mV 

voe 

II 



SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 

SWITCHING CHARACTERISTICS (See Figure 1) 
Unless otherwise specified, recommended operating conditions apply, lw = 15mA, Lh = 1.5 µH, Rh = 30'1, 
f(DATA) = 5MHz, and +20°C <TA< +43°C 

PARAMETER 

R/W 

R/W to Write Mode 

R/W to Read Mode 

Head Current 

Prop. Delay - TD1 

Asymmetry 

Rise/Fall Time 

WDI 

HEAD 
CURRENT 
(Ix- ly) 

WDI 

CONDITIONS 

Delay to 90% of write current 

Delay to 90% of 1 OOmV 1 OMHz 
Read signal envelope or to 90% 
decay of write current 

From 50 % points, Lh=Oµh, Rh=0'1 

Input has 50 % duty cycle and 
1 ns rise/fall time, Lh=Oµh, Rh=0'1 

10% - 90% points, Lh=Oµh, Rh=On 

(WDM =·Open) 

TD1 

(WDM=GND) 

FIGURE 1: Write Mode Timing Diagram 
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MIN MAX UNITS 

- 0.6 µs 

- 0.6 µs 

- 32 ns 

- 1 ns 

- 13 ns 

1291 - rev. 



PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

JUMPER DURING 

WRJl/ODE VCC1 
+12V +SV 

100 

HOX f-+ 
HOY ROY f-+ SERVO HEAD 

SSI 32H523AA 
WOI 

WOM 

RN/ 

GNO LEAVE OPEN AFTER 
WRITING SERVO 

FIGURE 2: Typlcal Appllcatlon 

ORDERING INFORMATION 

PART DESCRIPTON 

SSI 32H523AR Servo Read/Write IC 

SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 

ROX 14 VDD 

ADY 2 13 HDX 

RfR 3 12 HOY 

GND 4 11 NC 

WDM 5 10 WC 

WI)! 6 9 VCC2 

WDI 7 8 VCC1 

FIGURE 3: 14-Pln SON 

ORDER NO. PKG.MARK 

32H523AR-CN 32H523AR-CN 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32H566R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with 
center-tapped ferrite recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry for a single channel. The 
SSI 32H566R provides internal 750il damping resis­
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 

BLOCK DIAGRAM 

VD01 VCC GNO VOD2 VCT 

R!N 

ROX 

ROY 

WOI 

WC 

1191 -rev. 6-13 

SSI 32H566R 
Ferrite Single-Channel 

Servo Read/Write Device 

1Qi§f0,1hfi1fi•Elfii 
November 1991 

FEATURES 

• High performance: 

·Read mode gain= 150 VN 
·Input noise= 1.5nV/'1Hz max. 

• Input capacitance = 20 pF max. 

- Write current range= 10 mA to 40 mA 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Designed for center-tapped ferrite heads 

• Programmable write current source 

• TTL compatible control signals 

• +5V, + 12V power supplies 

• Socket compatible with the SSI 32H523R 

HOX 

HOY 

PIN DIAGRAM 

ROX V001 

ROY 2 13 HOX 

RNi 3 12 HOY 

GNO 4 11 VCT 

N/C 5 10 WC 

N/C 6 9 V002 

WOI 7 8 vcc 

CAUTION: Use handling procedures necessary for 
a static sensitive component. 



SSl32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 

CIRCUIT OPERATION 

The SSI 32H566R provides center-tapped ferrite head 
write drive or read amplification. Mode control is ac­
complished with pin R/W. Internal resistor pullups, 
provided on pin R/W, will force the device into a non­
writing condition if a control line is opened accidentally. 

WRITE MODE 

The write mode configures the SSI 32H566R as a 
current switch. Write current is toggled between the X 
and Y side of the selected head on each high to low 
transition of the Write Data Input (WDI). 

The magnitude of the write current (0-pk) is pro­
grammed by an external resistor RWC, connected 
from pin WC to ground and is given by: 

lw= _K_ 
Rwc 

where K is the Write Current Constant. 

Note that actual head current Ix, y is given by: 

Ix y == lw 
' 1 +Rh/Rd 

Where: Rh = Head resistance plus external wire 
resistance 

Rd = Damping resistance 

PIN DESCRIPTIONS 

NAME TYPE DESCRIPTION 

Power supply fault protection improves data security 
by disabling the write current generator during a volt­
age fault or power supply sequencing. 

To reduce internal power dissipation, an optional exter­
nal resistor, RCT, given by RCT :5 1300 x 40/lw (lw in 
mA), is connected between pins VDD1 and VDD2. 
Otherwise connect pin VDD1 to VDD2. 

To initialize the Write Data Flip Flop (WDFF) to pass 
currentthroughthe X-side of the head, pin WDI must be 
low when the previous read mode was commanded. 

READ MODE 

The read mode configures the SSI 32H566R as a low 
noise differential amplifier and deactivates the write 
current generator. The ROX and ROY outputs are 
emitter followers. These outputs should be AC coupled 
to the load. The ROX, ROY common mode voltage is 
maintained in the write mode, minimizing the transient 
between write mode and read mode, substantially 
reducing the write to read recovery time in the subse­
quent pulse detection circuitry. 

R/W I Read/Write - A high level selects Read Mode 

WDI I WRITE DATA IN - Negative transition toggles direction of head current 

HDX, HOY 1/0 X,Y head connections 

RDX,RDY 0 X, Y READ DATA - Differential read signal output 

WC I WRITE CURRENT - Used to set the magnitude of the write current 

VCT 0 VOLTAGE CENTER TAP - Voltage source for head center tap 

vcc - +SV 

VDD1 - +12V 

VDD2 - Positive power supply for the center-tap voltage source 

GND - GROUND 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

SSI 32H566R 
Ferrite Single-Channel 

Servo Read/Write Device 

All voltages referenced to GND. Currents into device are positive. Maximum limits indicate when perma­
nent device damage occurs. Continuous operation at these levels is not intended and should be limited 
to those conditions specified in the DC Operating Characteristics. 

PARAMETER RATING UNIT 

VDD1 DC Supply Voltage -0.3to+14 VDC 

VDD2 DC Supply Voltage -0.3 to +14 VDC 

vcc DC Supply Voltage -0.3 to +7 VDC 

YIN Digital Input Voltage Range -0.3 to VCC + 0.3 VDC 

VH Head Port Voltage Range -0.3 to VDD1 + 0.3 VDC 

lw Write Current (0-pk) 60 mA 

RDX, RDY (lo) Output Current -10 mA 

VCT Output Current -60 mA 

Tstg Storage Temperature Range -65 to 150 cc 
Lead Temperature PDIP, 260 cc 
Flat Pack (10 sec Soldering) 

Package Temperature PLCC, 215 cc 
SO (20 sec Reflow) 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VDD1 DC Supply Voltage 10.8 12.0 13.2 VDC 

vcc DC Supply Voltage 4.5 5.0 5.5 voe 
Lh Head Inductance 15 µH 

RCT* RCT Resistor lw=40mA 123 130 137 Q 

lw Write Current (0-pk) 10 40 mA 

Tj Junction Temperature +25 +135 cc 
Range 

*For lw = 40 mA. At other lw levels refer to Applications Information that follows this specification. 
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SSl32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 

DC CHARACTERISTICS (Recommended operating conditions apply unless otherwise specified.) 

POWER SUPPLY 

PARAMETER CONDITIONS MIN NOM MAX 

VCC Supply Current 

Read Read Mode 13 

Write Write Mode 25 

VDD Supply Current (sum of V001 and V002) 

Read Read Mode 33 

Write Write Mode 10+1w 

Power Dissipation (Tj = +135°C) 

Read Read Mode 500 

Write Write Mode, lw = 40 mA, 700 
RCT= 00 

Write Mode, lw = 40 mA, 500 
RCT = 1300 

DIGITAL 1/0 

PARAMETER CONDITIONS MIN NOM MAX 

VIL Input Low Voltage 0.8 

VIH Input High Voltage 2.0 

Ill Input Low Current VIL= 0.8V -0.4 

llH Input High Current VIH = 2.0V 100 

WRITE MODE 

PARAMETER CONDITIONS MIN NOM MAX 

VCT Center Tap Voltage Write Mode 6.7 

Head Current (per side) Write Mode, -200 200 
0 s; VCC s; 3.7V, 
0 s; V001 s; 8.7V 

Write Current Range 10 40 

Write Current Constant "K" 2.375 2.625 

lwc to Head Current Gain 0.99 

ROX, ROY Output Offset Voltage Write/Idle Mode -20 +20 
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UNIT 

mA 

mA 

mA 

mA 

mW 

mW 

mW 

UNIT 

voe 
voe 
mA 

µA 

UNIT 

voe 
µA 

mA 

v 
mA/mA 

mV 
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WRITE MODE (Continued) 

PARAMETER CONDITIONS 

ROX, ROY Common Mode Write/Idle Mode 
Output Voltage 

ROX, ROY Leakage ROX, ROY= 6V 
Write/Idle Mode 

READ MODE 

PARAMETER CONDITIONS 

VCT Center Tap Voltage Read Mode 

Head Current (per side) Read or Idle Mode 
0 s; VCC s; 5.5V 
0 s; V001 s; 13.2V 

Input Bias Current (per side) 

Output Offset Voltage Read Mode 

Common Mode Output Voltage ReadMode 

DYNAMIC CHARACTERISTICS AND TIMING 

SSl32H566R 
Ferrite Single-Channel 

Servo Read/Write Device 

MIN NOM MAX UNIT 

5.3 voe 

-100 100 µA 

MIN NOM MAX UNIT 

4.0 voe 
-200 200 µA 

45 µA 

-615 +615 mV 

4.5 6.5 voe 

(lw"' 35 mA, Lh"' 10 µH, f(WOI) = 5 MHz, CL( ROX, ROY) s; 20 pF. Recommended operating conditions apply 
unless otherwise specHied.) 

WRITE MODE 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

DHferential Head Voltage Swing 7.0 V(pk) 

Differential Output Capacitance 15 pF 

Differential Output 600 960 n 
Resistance 

READ MODE 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

DHferential Voltage Gain, Vin = 1 mVpp@ 300 KHz 125 175 VN 
AL= 1000 ZL(RDX), ZL(ROY) = 1 KO 

Dynamic Range AC Input Voltage, Vi, @ 300 KHz 2 mVpp 
Where Gain Falls by 10%. 
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SSl32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 

READ MODE (Continued) 

PARAMETER CONDITIONS 

Bandwidth (-3dB) 1zs1 < 5n, Vin = 1 mVpp 

Input Noise Voltage BW= 15 MHz, 
Lh = 0, Rh= 0 

Differential Input Capacitance f = 5 MHz 

Differential Input f = 5 MHz 
Resistance 

Common Mode Rejection Ratio Vern = VCT + 100 mVpp 
@5MHz 

Power Supply Rejection Ratio 100 mVpp@5 MHz on 
VDD1, VDD2 or VCC 

Single Ended Output Resistance f = 5 MHz 

Output Current AC Coupled Load, 
ROX to ROY 

SWITCHING CHARACTERISTICS 

PARAMETER CONDITIONS 

R/W 

R/W To Write Mode Delay to 90% of 
Write Current 

R/W to Read Mode Delay to 90% of 
100mV10 MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 

Head Current (Lh = OµH, Rh = Oil) 

Prop Delay - TD1 From 50% points, WDI to l(x-y) 

Asymmetry WDI has 50% duty cycle and 
1 ns Rise/Fall Time 

Rise/Fall Time 10% - 90% points 
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MIN NOM MAX UNIT 

30 MHz 

1.5 nV/'1Hz 

20 pF 

500 1000 n 

50 dB 

45 dB 

30 n 

±2.1 mA 

MIN NOM MAX UNIT 

1.0 µs 

1.0 µs 

25 ns 

2 ns 

20 ns 
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APPLICATIONS INFORMATION 

The specifications, provided in the data section, ac­
count for the worst case values of each parameter 
taken individually. In actual operation, the effects of 
worst case conditions on many parameters correlate. 
Tables 3 & 4 demonstrate this for several key parame-

SSl32H566R 
Ferrite Single-Channel 

Servo Read/Write Device 

ters. Notice that under the conditions of worst case 
input noise, the higher read back signal resulting from 
the higher input impedance can compensate for the 
higher input noise. Accounting for this correlation in 
your analysis will be more representative of actual 
performance. 

TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS 

PARAMETER Tj:25°C Tj=125°C UNIT 

Inputs Noise Voltage (max.) 1.1 1.5 nV/..JRZ 

Differential Input Resistance (min.) 850 1000 n 
Differential Input Capacitance (max.) 11.6 10.8 pF 

TABLE 4: KEY PARAMETERS UNDER WORST CASE INPUT IMPEDANCE CONDITIONS 

PARAMETER Tj:25°C Tj:125°C UNIT 

Inputs Noise Voltage (max.) 0.92 1.2 nV/'l'Hz 

Differential Input Resistance (min.) 500 620 n 
Differential Input Capacitance (max.) 10.1 10.3 pF 

1191-rev. 6-19 
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SSl32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 

SEE NOTE 3 +12V 

a 

NOTES 

+5V 

0.111F .J-
SEENOTE1 

SEE NOTE 3 -----. 

0.111F .J-
MICROPROCESSOR 

VCC VDD1 VD02 VCT 

LOGIC 
SUPPORT 

i----------1 RIW 

ROX 

ROY 

SSI 32H6210 SERVO DEMODULATOR 

------------------!~ WDI 

SEE'NOTE4 

RWC 

SSl32H566R 

WC GNO 

1. An external resistor, ACT, given by; ACT::;; 130 (40/lw) where lw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Limit DC current from ROX and ADY to 100 µA and load capacitance to 20 pF. 

3. The power bypassing capacitor must be located close to the device with its ground returned directly 
to device ground, with as short a path as possible. 

4. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 

FIGURE 2: Typical Application 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

RDX 

RDY 2 

RIW 3 

GND 4 11 

N/C 5 

N/C 6 

WDI 7 

14-Pln SON 

THERMAL CHARACTERISTICS: 0ja = 130 °C/W 

SSI 32H566R 
Ferrite Single-Channel 

Servo Read/Write Device 

VDD1 

HDX 

HDY 

VCT 

WC 

VDD2 

vcc 

ORDERING INFORMATION 

PART DESCRIPTION ] ORDER NO. l PKG.MARK 

SSI 32H566R Servo Ferrite Single Channel Read/Write Device 

14-Pin SON j 32H566R-N l 32H566R-N 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Mylord Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32H569 Servo Motor Driver is a bipolar device 
intended for use in Winchester disk drive head posi­
tioning systems employing linear or rotary voice coil 
motors. When used in conjunction with a position 
controller, such as the SSI 32H6220 Servo Controller, 
and a position reference, such as the SSI 32H6210 
Servo Demodulator, the device allows the construction 
of a high performance, dedicated surface head posi­
tioning system. 

The SSI 32H569 serves as a transconductance ampli­
fier by driving 4 MOSFETs in an H-bridge configura­
tion, performs motor current sensing and limits motor 
current and velocity. In its linear tracking mode, class 
B operation is guaranteed by crossover protection 
circuitry, which ensures that only one MOSFET in each 
leg of the H-bridge is active. The MOSFET drivers are 
disabled when motor velocity or current exceed exter­
nally programmable limits. In addition, automatic head 
retraction and spindle braking may be initiated by a low 
voltage condition or upon external command. 

(Continued) 

BLOCK DIAGRAM 

VCC LOWV EN 
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SSI 32H569 
Servo Motor Driver 

December 1991 

FEATURES 

• Predrlver for linear and rotary voice coll 
motors 

• Interfaces directly to MOSFET H-Bridge motor 
driver 

• Class B linear mode and constant velocity 
retract mode 

• Precision differential amplifier for motor 
current sensing 

• Motor current and velocity limiting circuitry 

• Automatic head retract and spindle braking 
signal on power failure 

• External digital enable 

• Servo loop parameters programmed with 
external components 

• Advanced bipolar IC requires under 240 mW 
from 12V supply 

• Available In 20-pin DIP or SO packaging 

ONO 

SE2 

.. , 
OUTA 

cum 

cure 

BAK 

PIN DIAGRAM 

ERR 20 vcc 

ERR- 19 LOWV 

ERR+ 3 18 EN 

VREF 4 17 OUTA 

sour 5 16 OUTB 

VEL- 6 15 SE1 

VEL 14 SE2 

BAK 8 13 OUTD 

SE3 9 12 OUTC 

GND 10 11 VLIM 

20-Pin SO, DIP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32H569 
Servo Motor Driver 

DESCRIPTION (Continued) 

The SSI 32HS69 is implemented in an advanced bipo­
lar process and dissipates less than 240 mW from a 
12V supply. The IC is available in 20-pin DIP and 
20-pin SO packaging. 

FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 

The SSI 32HS69 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 

During Ii near operation, an acceleration signal from the 
servo controller is applied through amplifier A 1, whose 
three connections are all available externally. RC 
components may be used to provide loop compensa­
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.S. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen­
tary MOSFET pair. The second is non-inverting, and is 
formed in a similar manner from opamp AS. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 
precisely. The voice coil motor and a series current 
sense resistor are connected between SE1 and SE3. 

Crossover protection circuitry between the outputs of 
A4 and AS, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction. The crossover 
separation threshold, illustrated in Figure S, is the 
maximum drive on any MOSFET gate when the motor 
voltage changes sign. The crossover circuitry can also 
disable all MOSFETS simultaneously (to limit motor 
current or velocity) or apply a constant voltage across 
the motor (to retract the heads at a constant velocity). 

Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 
proportional to motor current, and hence acceleration. 
This signal is externally fed back to A 1, so that the 
signal ERR represents the difference between the 
desired acceleration (from the servo controller) and the 
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actual motor acceleration. If SOUT is integrated, using 
opamp A3 and an external RC network, the resulting 
signal, VEL, is proportional to the motor velocity. 

Both SOUT and VEL are connected to window com­
parators, which are used to detect excessive motor 
current or velocity. The comparator outputs disable the 
MOSFET drivers until the motor comes within limits 
again. The VLIM pin may be used to program th~ 
voltage limits for the window comparators. The maxi­
mum voltage excursion allowed about VREF is (VREF­
VLIM). An on-chip resistor divider sets a default value 
for VLIM and if VLIM is connected to ground, the 
windowing is effectively disabled. 

The SSI 32HS69 has low voltage monitor circuitry that 
will detect a loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive's spindle motor so that its 
stored rotational energy may be used to hold up VCC 
briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
condition is detected, the MOSFET drivers switch from 
linear operation to retract mode. In this mode a con­
stant voltage is applied across the motor which will 
cause the heads to move at a constant speed. A 
mechanical stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 
will disable the MOSFET drivers when motor current 
increases due to loss of the velocity-induced back 
EMF. An open collector output, BAK, which is active 
while the device is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. For 
proper operation of the SSI 32HS69, a pullup resistor 
on BAK is required even if the BAK output is not used. 

An example of an entire servo path implemented with 
the SSI 32HS69 and its companion devices, the 
SSI 32H6210 and 32H6220, is shown in Figure10. 
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SSl32H569 
Servo Motor Driver 

PIN DESCRIPTION 

POWER 

NAME PIN TYPE DESCRIPTION 

vcc 20 POSITIVE SUPPLY -12V power supply. Usually taken from spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 

LOWV 19 I LOW VOLTAGE - System 12V supply. If this input falls below 9V, a forced 
head retraction occurs. 

VREF 4 I REFERENCE VOLTAGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 

GND 10 GROUND 

CONTROL 

NAME PIN TYPE DESCRIPTION 

ERR 1 0 POSITION ERROR- Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: 

SE3-SE1 = 17(EAR-VREF) 

ERR- 2 I POSITION ERROR INVERTING INPUT - Inverting input to the loop 
compensation amplifier. 

ERR+ 3 I POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 
loop compensation amplifier. 

SOUT 5 0 MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: 

SOUT-VREF=4(SE2-SE1) 

VEL- 6 I VELOCITY INVERTING INPUT - Inverting input to the velocity integrating 
amplifier. The non-inverting input is connected internally to VREF. 

VEL 7 0 VELOCITY OUTPUT - Output of the velocity integration amplifier. This 
signal is internally applied to a window comparator whose output limits 
motor drive current when the voltage at VEL exceeds a set limit. 

BAK 8 0 BRAKE OUTPUT - Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 

VLIM 11 I LIMITING VOLTAGE - The voltage at this pin sets motor current and 
velocity limits. Limiting occurs when: 

ISOUT-VREFl>VREF-VLIM 
or IVEL-VREFl>VREF-VLIM. 

An internal resistor divider establishes a default value that may be 
externally adjusted. 
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CONTROL (Continued) 

NAME PIN 

SE2 14 

EN 18 

FET DRIVE 

NAME PIN 

SE3 9 

OUTC 12 

OUTD 13 

SE1 15 

OUTB 16 

OUTA 17 

1291 - rev. 

TYPE 

I 

I 

TYPE 

I 

0 

0 

I 

0 

0 

DESCRIPTION 

SSl32H569 
Servo Motor Driver 

MOTOR CURRENT SENSE INPUT - Non-inverting input to the current 
sense differential amplifier. It should be connected to one side of an 
external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1. 

ENABLE-Active high TIL compatible input enables linear tracking mode. 
A low level will initiate a forced head retract. 

DESCRIPTION 

MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: 

SE3-VREF = 8.S(ERR-VREF) 

P-FET DRIVE (NON-INVERTING)- Drive signal for a P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 

N-FET DRIVE (NON-INVERTING)- Drive signaller an N channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 
is connected to SE3. Crossover protection circuitry ensures that the P and 
N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 

MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 

SE1-VREF = -8.S(ERR-VREF) 

This input is internally connected to the current sense differential amplifier 
inverting input. 

N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 
connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1. 

P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1. Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 
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SSI 32H569 
Servo Motor Driver 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

vcc 0 16 v 
VREF 0 10 v 
SE1, SE2, SE3 -1.5 15 v 
All other pins 0 14 v 
Storage temperature -45 165 oc 
Solder temperature 10 sec duration 260 oc 

RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

vcc Normal Mode 9 12 13.2 v 
Retract Mode 3.5V 14 v 

VREF 5 7 v 
Operating temperature 0 70 oc 

DC CHARACTERISTICS 

ICC, VCC current 20 mA 

IREF, VREF current 2 mA 

A1, LOOP COMPENSATION AMPLIFIER 

Input bias current 500 nA 

Input offset voltage 3 mV 

Voltage swing AboutVREF 2 v 
Common mode range AboutVREF ±1 v 
Load resistance ToVREF 4 Kn 

Load capacitance 100 pF 

Gain 80 dB 

Unity gain bandwidth 1 MHz 

CMRR f<20 kHz 60 dB 

PSRR f<20 kHz 60 dB 
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A2, CURRENT SENSE AMPLIFIER 

PARAMETER CONDITIONS 

Input impedance SE1 to SE2 

Input offset voltage 

Output voltage swing 

Common mode range 

Load Resistance ToVREF 

Load Capacitance 

Output impedance 1<40 KHz 

Gain (SOUT-VREF)/(SE1-SE2) 

Unity gain bandwidth 

CMRR 1<20 KHz 

PSRR 1<20 KHz 

A3, VELOCITY INTEGRATING AMPLIFIER 

PARAMETER CONDITIONS 

Input bias current 

Input offset voltage 

Voltage swing 

Common mode range 

Load resistance ToVREF 

Load capacitance 

RB, internal feedback resistor 

WINDOW COMPARATORS AND LIMITING 

PARAMETER CONDITIONS 

Window comparator threshold 
(SOUT-VREF or VEL-VREF) 

Threshold hysteresis 

VLIM voltage No external parts 

VLIM input resistance 
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SSI 32H569 
Servo Motor Driver 

MIN TYP MAX UNITS 

3.5 5 Kn 

2 mV 

VREF-4 VCC-1.2 v 

0 VCC-0.2 v 

4 Kn 

100 pF 

20 n 

3.9 4 4.1 VN 

1 MHz 

52 dB 

60 dB 

MIN TYP MAX UNITS 

250 nA 

2 mv 

VREF-4 VCC-1.2 v 

4.5 6 v 

10 Kn 

100 pF 

80 150 Kn 

MIN TYP MAX UNITS 

VREF-VLIM v 

35 50 65 % 

VREF-1.8 VREF-2.2 v 

50 Kn 



SSI 32H569 
Servo Motor Driver 

POWER SUPPL V MONITOR 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

VCC fail threshold 8.5 9 9.8 v 
LOWV fail threshold lllowvl < 0.5 mA 8.5 9 9.8 v 
VREF fail threshold 3.9 4.3 4.8 v 
Hysteresis (LOWV, VCC) 250 mV 

Hysteresis (VREF) 110 mV 

EN input low voltage lllLI <0.5mA 0.8 v 
EN input high voltage lllHI <40uA 2 v 
BRK voltage normal mode, llOLI < 1 mA 0.4 v 
BRK leakage current retract mode 10 µA 

BRK delay (from power fail or 
EN false to BAK floating) 1 ms 

MOSFET DRIVERS 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

SE3 Input impedance ToVREF 10 25 Kn 

OUTA,OUTC 
voltage swing 1101<1 mA 0.7 VCC-1 v 
OUTB,OUTD 
voltage swing 1101<1 mA 1 VCC-1 v 
VTH, 
Crossover separation threshold 2 v 
Slew rate 
(OUTA, OUTB, OUTC, OUTD) Cl<1000 pF 1.4 V/µs 

Crossover time 300 mV step at ERR 5 µB 

Output impedance (OUTA,B,C,D) 50 Kn 

Transconductance 
l(OUTA,B,C,D)/(ERR-VREF) 8 mA/V 

Gain (-(SE1-VREF)/(ERR-VREF) 
or (SE3-VREF)/(ERR-VREF) ) 8 8.5 9 VN 

Offset current Rs = 0.2n, RF = R1N, 20 mA 
VIN=VREF 

Retract motor voltage 
(SE1-SE3) 0.7 1 1.3 v 
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APPLICATIONS INFORMATION 

A typical SSI 32H569 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 

MOTOR CURRENT SENSE AND LIMITING 

The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = 0.2'2 is typical in disk drive 
applications. The window comparator threshold, pro­
grammed by VLIM, must be chosen to cause limiting 
when the motor current reaches its maximum permis­
sible value. If iMAX is the maximum motor current in 
Amps, then this value may be chosen as follows: 

VLIM= VREF-4 •Rs• iMAX (V) 

VLIM may be set with a resistor divider whose thevenin 
resistance is substantially less than the output resis­
tance of the VLIM pin (50 Kn). The window compara­
tors have hysteresis (typically 50% of their threshold, 
VREF-VLIM) to prevent multiple triggerings of the 
driver disable signal. 

VELOCITY LIMITING 

The values of Rv and Cv in the velocity integrator are 
chosen to produce a voltage excursion of VREF-VLIM, 
when the motor speed is at its maximum permissible 
value. Rv must be large enough to prevent overloading 
of opamp A2. The following equation ignores the effect 
of Re, the internal resistor between VEL and VEL­
which prevents saturation of A3 due to offsets. For the 
motor in Figure 3, with maximum velocity roMAX 
(rad/s) these components may be chosen as follows: 

Av// RF> 4Kn (A2outputloacingrestriction) 

Cv= 4Rs•J9•roMAX (F) 
(VREF-VLIM) • Rv• Km 

SSI 32H569 
Servo Motor Driver 

LOOP COMPENSATION 

The transfer function of the SSI 32H569 in the applica­
tion of Figure 2 is shown in figure 4(a). If the zero due 
to AL and CL in the loop compensation circuit is chosen 
to cancelthe pole due to the motor inductance, Lm, then 
the transfer function can be simplified as shown in 
figure 4(b), under the assumption that this pole andthe 
pole due to the motor mechanical response are widely 
separated. CL may then be chosen to set the desired 
open loop unity gain bandwidth. 

68 •Rs 
CL=----------

2 • n • RF• (Rm+ Rs) • BW 

RL= Lm 
CL• ( Rm+R 9) 

where BW is the 
unity gain open 
loop bandwidth 

The closed loop response of the servo driver and motor 
combination, using the component values and simpli­
fying assumptions given above, is given by: 

im 1 RF 
-(S)=--·--•-----
Vin Rin 4 • Rs ( 1 + S ) 

2•n•BW 
(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems). 

RF is chosen to be sufficiently large to avoid overload­
ing A2 (RF II Rv > 4Kn). The input resistor, R1N, sets the 
conversion factor from servo controller output voltage 
to servo motor current. R1N is chosen such that the 
servo controller internal voltages are scaled conven­
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A 1. 

R08 = R;,// RF 

The external components Ro and Co have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 

At frequencies above (Rs+Rm)/(2 • n • Lm) Hz, this load 

L Km2 
ZM=(R 9+Rm)(1+s--m-)(1+ )('2) 

Rs+ Rm s •JO• ( R9 +Rm) 
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becomes entirely inductive, which is undesireable. Ro 
and Co may be used to add some parallel resistive 
loading at these frequencies. 

H·BRIDGE MOSFETS 

The MOSFETs chosen for the H-bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen­
sation for the MOSFET drivers, so values below 500 pF 
may cause some driver instability. Excessive input 
capacitance will degrade the slew mode performance 
of the drivers. 

When the motor voltage is changing polarity, the cross­
over protection circuits at outputs OUT A-OUTD ensure 
that the maximum MOSFET gate drive is less than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices 
chosen should be as large as possible to minimize 
conduction in this region. If the device thresholds are 
significantly less than the crossover separation 
threshold, the N and P channel devices in each leg of 
the H-bridge will conduct simultaneously, causing un­
necessary power dissipation. 

POWER FAILURE OPERATION 

The power supply for the SSI 32H569, VCC, should be 
taken from the system 12V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 
fails, the IC will continue to operate as the spindle motor 
becomes a generator. The SSI 32H569 will detect the 
power failure and cause a forced head retract, continu­
ing to operate with VCC as low as 3.5V. The power fail 
mode will commence Heither VCC or LOWV falls below 
9V, or VREF falls below 4.3V, or EN is false. Hysteresis 
on the low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal. 

The BRK output, which is pulled low during normal 
operation, floats during a power failure. This allows an 
external transistor to be enabled for spindle motor 
braking. An external RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt­
age during retraction. 

im • J9ro 

Km 

im Armature current (A) 

~ 
e=Km ro (I) Motor speed (rad/s) 

Ja Moment of inertia of 
rotor (Kg. M 2 ) 

Lm 
Km Torque constant (V.S.) 

e Back E.M.F. (V) 

Rm Lm Winding inductance (H) 

Rm Winding resistance ( O 

Nomenclature used is for rotary motor 

FIGURE 3: Equlvelant Circuit For Fixed Field DC Motor 
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LOOP COMPENSATION WINDING IMPEDANCE 

1 
17(1 +SCLRL I 

MECHANICAL RESPONSE 

• 
CURRENT SENSE 

FIGURE 4(A): Transfer Function Of SSI 32H569 
In Typlcal Appllcatlon With Fixed Fleld DC Motor 

MECHANICAL RESPONSE LOOP COMPENSATION 

1 + Km2 
-SJe-(Rg_+_R_m) 

CURRENT SENSE 

J9Rm Rm 
-- << 
Km2 Lm 

FIGURE 4(8): Slmpllfled Transfer Function Of 
SSI 32H569 In DC Motor Appllcatlon 
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MOSFET GATE DRIVE 

vcc ¥ _______________ L _____________ _ 

RvuM 
(n) 

VCC·VTH - - - - - - - - - -

VTH 

(CROSSOVER 
SEPARATION 0 

St.OPE=M 
OPEN LOOP GAIN 

THRESHOLD) -1------------1--------------

VAEF 

(HORIZONTAL SCALE IS GREAn.V EXPANDED) 

ERR 
(ERROR SIGNAL INPUT) 

FIGURE 4(8): Simpllfied Transfer Function Of SSI 32H569 
In DC Motor Appllcatlon 
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FIGURE 6: RVLIM To Ground Typical Motor 
Current Limit 
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FIGURE 7: RVLIM To VREF Typical Motor 
Current Limit 
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ASSUMPTIONS: 

R1 • 0.2ll 

RF • 10K 

Rm•3'1 

Lm ·600µH 

SSI 32H569 
Servo Motor Driver 

1.0-------------~---~-~100K 

0.1 

CL (µf) 

.01 

.001 

-------- 10K 

RL (ll) 

1K 

1------------------......... --1100 
100 1K 10K 

BANDWIDTH 
(Hz) 

100K 

FIGURE 8: Typlcal Motor Driver Compensation 

.1 - - -t - - + - - I- - -1- - -I - - + - - I- - -

30 40 50 eo 70 eo 90 100 

.... , ...... /...,l 

FIGURE 9: Typical Motor Velocity Limit 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32H569, Servo Motor Driver 
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1 32H569-CL 

SSI 32H569 
Servo Motor Driver 

l PKG.MARK 

I 32H569-CP 

32H569-CL 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Mylord Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1291 - rev. 6-37 ©1989 Silicon Systems, Inc. 



Notes: 

6-38 



GENERAL DESCRIPTION 
The SSI 32H4631/4632 is a CMOS monolithic inte­
grated circuit housed in a 100-pin QFP and operates on 
a single +5V supply. In addition to supporting Winches­
ter disk drives with embedded servo sectors and dedi­
cated servo surface, it contains all timing and control 
functions necessary to start, drive, and brake a 3-
phase, 4/8/12 pole brushless DC spindle motor without 
sensors. It also provides an 8-bit ND converter at a 
conversion rate up to 250 kHz and a Motorola/Intel 
compatible bus interface (Motel) to popular 
microcontrollers such as the 8051 and 68HC11. The 
features for each functionally different section are 
summarized in the following: 

FEATURES 

Servo Head Positioning Control 

• 

• 

Servo control for Winchester disk drives with 
hybrid servo head positioning systems 

For use in microprocessor-based digital servo 
applications 

• Accepts quadrature position signals N, Q from a 
dedicated servo demodulator 

• 

• 

• 

• 

• 

• 

1291 - rev. 

12-bit double-buffered cylinder crossing counter 
for dedicated seek algorithms 

Timing controller for embedded servo position 
burst sampling 

Peak detect and sample/hold circuits for up to 
four embedded servo bursts 

H-bridge MOSFET predriver for linear and rotary 
voice coil motor 

Class B linear mode and constant voltage retract 
mode 

Active head retract on power failure 

6-39 

SSI 32H4631/4632 
Hybrid Servo & Spindle 

Motor Controller tu'*' na:a mt.];; .su [.) ,. 
December 1991 

Spindle Motor Speed Control 

• 3-phase 4/8/12 pole bipolar/unipolar operation 
without need for sensors 

• Precision speed regulation at 3600 RPM (4631), 
5400 RPM (4632) with± 0.012% speed 
resolution 

• "At speed" indication 

• Motor peak current limiting function 

• Pulse amplitude modulation (PAM) for bridge 
MOSFET drivers 

• Dynamic braking function on power failure 

• 

• 
• 

• 

• 

• 
• 

Data Acquisition and Microprocessor Bus 
Interface 

Motel bus interface compatible with 8051 and 
68HC11 

Ten internal registers and address decoding 

Internal 250 kHz 8-bit ND and DIA converters 

General Functions 

Voltage fault detection for up to two supply 
voltages 

Write gate guarding 

Low power CMOS design 

100 pin QFP package 
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FUNCTIONAL DESCRIPTION 

As shown in Figure 1, the SSI 32H4631/4632 can be 
divided into three major sections: servo head position­
ing control, spindle motor speed control, data acquisi­
tion and microprocessor bus interface. 

SERVO HEAD POSITIONING CONTROL 

The SSI 32H4631/4632 is intended for a servo head 
position er for Winchester disk drives with both embed­
ded servo sectors and a dedicated servo surface. The 
servo head positioning control section contains the 
following functions: 

1. Dedicated servo position processor 
2. Embedded servo burst amplitude processor 
3. Embedded servo burst timing controller 
4. Servo position error amplifier 
5. H-bridge MOSFET predriver 
6. Actuator current sense 
7. Voltage fault detection and servo head retract 

These functions are illustrated in Figure 1. 

DEDICATED SERVO POSITION PROCESSOR 

The dedicated servo position processor receives 
quadrature position information from a servo demodu­
lator, such as SSI 32H6210, through analog inputs N, 
0 and NOREF. The NOREF is applied to establish a 
DC reference level for N and 0 samples. N and 0 are 
sampled at the falling edge of SYNC. The SYNC 
frequency, which is the servo frame rate on the dedi­
cated servo surface, is generated from the servo de­
modulator and is no more than 500 kHz. The VCO 
provides the necessary clock signal to sample N and 0 
signals. The timing relationship among VCO, SYNC 
and N, O is indicated in Figure 2. If it is not necessary 
to synchronize to N, 0 samples, the SYNC input must 
be grounded and the SYNC SEL bit in the SERVO 
CONTROL register set HIGH. In this case, theSYSCLK 
input will be divided down internally to generate the 
frame rate to sample N and 0 signals. The position 
processor compares N with both 0 and -0 to generate 
digital signals NO (N>O) and NO (N>-0). Since N and 
0 signals span four tracks per period, NO and NO 
provide additional information on which track the head 
is positioned. In order to produce the position error 
signal PESO, the position processor selects N, 0, -Nor 
-0, based upon either the values of bits OUADO and 
OUAD1 when SELECT 0 is enable; or the values of the 
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digital signals NO and NO when SELECT O is dis­
abled. Note that the analog inputs N and 0 to the 
position processor will switch to the DC reference level, 
NOREF, when the CALIB bit in the HYBRID SERVO 
CONTROL register is enabled. This allows calibrating 
the internal offset of the position error signal, PESO. For 
digital servo applications, N, 0 and PESO are provided 
to the internal multiplexed 8-bit AID converter under µP 
control. 

The SSI 32H4631/4632 supports both hardware and 
software track counting techniques. The software track 
counting technique interfaces with bits NO, NO and 
TRKCS in the SERVO STATUS register. On each track 
crossing, either NO or NO changes state. 

An internal timing hysteresis can be provided to pre­
vent multiple state changes on NO, NO and TRKCS at 
low head velocities by setting the bit TCHE in the 
EMBEDDED SERVO GAIN CONTROL register. The 
TRKCS bit will be reset LOW when the SERVO STA­
TUS REGISTER is read by the µP. The hardware track 
technique interfaces with TRKCK, an output clock 
intended to drive a hardware counter such as is avail­
able in the Intel 8051 family. TRKCK is normally LOW 
and pulses HIGH once whenever a track boundary is 
crossed. A 12-bit double-buffered down counter with 
programmable loading capability is implemented to aid 
seek algorithms. The counter is decremented at the 
LOW-TO-HIGH transition of TRKCK and the register is 
updated at the HIGH-TO-LOW transition of TRKCK. 
The 12-bit counter register stops updating after the 
LSB is read. This ensures consecutive reads provide 
information that corresponds to a single track. There­
fore, one should read the LSB and then the MSB 
without exception. The counter will produce a LOW 
level on TCNT when the terminal count is reached. 
TCNT remains LOW until the counter is loaded with a 
new initial value. 

EMBEDDED SERVO BURST AMPLITUDE 
PROCESSOR 

The embedded servo burst amplitude processor ex­
tracts the fine head position error information from the 
embedded servo bursts. The circuit acquires up to 4 
burst amplitudes BURST1, BURST2, BURST3, and 
BURST4 from a read data channel, such as the SSI 
32P4620, through analog inputs SERIN and SEREF. 
The SE REF is applied to establish a DC reference level 
for the full wave-rectified analog signal SERIN. 
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To accommodate a wide range of servo burst ampli­
tudes, the differential signal between SERIN and SEREF 
is scaled by a 2-bit programmable gain amplifier under 
µP control. The gain of the differential amplifier ranges 
from -6 dB to 3 dB as defined in the EMBEDDED 
SERVO GAIN CONTROL register. The output of the 
differential amplifier is then provided to a peak detector 
which captures the peak voltage within a time interval 
derived from the internal timing controller or an external 
timing source through SAMPLEX. The peak voltage is 
further scaled by a 4-bit programmable gain amplifier 
under µP control. Thus the gain error introduced by the 
peak detector can be accurately corrected with this 
programmable gain amplifier. The gain adjustment 
ranges from O dB to 3 dB in 0.2 dB steps, as defined in 
the EMBEDDED SERVO GAIN CONTROL register. 
Each of the following four S/H circuits transfers and 
holds the scaled peak voltages onto their respective 
holding capacitors during a time interval defined by the 
internal timing controller or an external timing source 
through ACQX. The outputs of S/H circuits, BURST1, 
BURST2, BURST3, and BURST4, are provided to the 
8-bit ND converter under µP control. Note that the 
timing windows to acquire the scaled peak voltages 
can be configurated in any order, as defined in the 
EMBEDDED SERVO TIMING WINDOW CONTROL 
register. Therefore, the µP can mix and commutate 
servo bursts to accommodate for a variety of servo 
burst formats and maintain the position error signal in 
a proper polarity. The timing controller also issues a 
timing signal to discharge the captive voltage for each 
servo burst. 

The captive signals are provided to two difference 
circuits to extract the differential signals between 
~URST1, ~URST2 and BURST 3, BURST4, respec­
tively. Typically, these differential signals define the 
distance between the read head and the center of a 
data track and one of them should be zero while the 
read head is at the center of a data track. These 
outputs, available externally on PES1 and PES2 are 
provided to the 8-bit ND converter under µP co~trol. 
Also, two summers add BURST1, BURST2 and 
BURST3, BURST4, respectively, and their outputs at 
SUM1 and SUM2 are provided to the 8-bit ND con­
verter as well. 
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EMBEDDED SERVO BURST TIMING CONTROL· 
LER 

The embedded servo burst timing controller generates 
all the timing signals to sample the position bursts, as 
shown in Figures 3 and 4. These timing signals control 
the discharge, sample, and hold of the peak detector 
and the four S/H circuits. The EMBEDDED SERVO 
TIMING WINDOW CONTROL register can be pro­
grammed by the µP to select and sample the servo 
burst pairs in any order. The number of servo position 
bursts supported are either two or four. The DIBURST 
bit inthe SERVO CONTROL register, when set HIGH, 
configures the internal timing controller to sample only 
two servo position bursts. When reset, four servo 
position bursts are sampled. During position burst 
sampling, HOLD and RWwill be asserted and WGOUT 
held LOW. 

An external timing controller may be used to provide ali 
the timing signals for the discharge, sample, and hold 
of the peak detector and the four S/H circuits by setting 
the TIMING bit HIGH in the SERVO CONTROL regis­
ter. Usually, in this mode, an external timing controller 
ASIC will be required to provide the timing signals at 
SAMPLEX and ACQX for servo position burst sam­
pling while the internal servo timing controller is disabled. 

SERVO POSITION ERROR AMPLIFIER 

The servo driver has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal RESET is 
LOW. Otherwise the driver operates in linear mode. 
During linear operation, the microcontroller acquires 
servo burst amplitudes and analyzes them to establish 
a position error signal. This signal travels through an 8-
bit DIA converter and is applied to an amplifier whose 
three connections, ERRM, ERREF and ERR, are avail­
able externally. External RC components may be used 
to establish the gain and bandwidth of this amplifier. 
Additional analog input via SWIN may be provided to 
this amplifier by setting the SW ON bit in the SERVO 
CONTROL register. 
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FUNCTIONAL DESCRIPTION (continued) 

H·BRIDGE MOSFET PREDRIVER 

The error signal ERR generated from the position error 
amplifier drives two precision differential amplifiers, 
each with a gain of 15. The differential amplifier out­
puts, AOUTA, AOUTB, AOUTC and AOUTD drive an 
external MOSFETbridge powered byVBRIDGE. Feed­
back from the MOSFET drain terminals via sense 
inputs SE1 and SE3 allow the differential amplifier 
gains to be established precisely. The voice coil actua­
tor and a current sense resistor are connected in series 
between SE1 and SE3. Included in the output control 
circuitry is a crossover protection function which en­
sures class B operation by permitting only one MOSFET 
in each leg of the bridge to be in conduction. The 
crossover circuit can be adjusted for different MOSFET 
threshold voltages with a resistor connected to VX. The 
crossover circuitry can be commanded by the µP to 
shut down the MOSFET drivers and thus remove 
current to the external bridge. 

MOTOR CURRENT SENSE 

Motor current is sensed by a small resistor placed in 
series with the actuator. The voltage drop across the 
resistor is level-shifted and amplified by a differential 
amplifier with a gain of 4. The resulting signal, SOUT, 
is proportional to actuator current. This signal is exter­
nally fed back to the position error amplifier so that the 
error signal ERR represents the difference between 
the desired and actual actuator currents. 

VOLTAGE FAULT DETECTION AND SERVO HEAD 
RETRACT 

A voltage fault detector which can monitor up to two 
voltage supplies is included to prevent the actuator 
from responding to a false error signal during a power 
failure. Retract mode is started when a power supply 
failure is sensed by the PSB or PSV comparators or 
when RESET is pulled LOW externally. During retract, 
a constant voltage is applied across the actuator in 
order to cause a constant velocity head retraction. This 
is accomplished by applying the voltage stored on 
VBYP to AOUTD and by driving AOUTR with an 
amplifier that monitors SE1. The amplifier is powered 
by VB EMF. During retract, VRETRACT is biased by an 
internal voltage reference and determines the retract 
voltage. At other times, power is saved by disconnect­
ing VRETRACT from the voltage reference and letting 

1291 - rev. 6-43 

SSI 32H4631 /4632 
Hybrid Servo & Spindle 

Motor Controller 

it be pulled to VBEMF by a high value resistor. External 
components (a diode, for instance) can be connected 
between VRETRACT and ground to modify the retract 
voltage. 

An open-drain output, SYSRST, which is active LOW 
while the servo driver is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the head is retracted. The 
amount of SY SR ST delay is determined by the external 
capacitor which is connected to the pin, RCRST. 

SPINDLE MOTOR SPEED CONTROL 

A functional block diagram for the spindle motor control 
is shown in Figure 1. In conjunction with several exter­
nal components, the spindle motor speed control 
provides the starting, accelerating, and precise rota­
tional speed regulation functions. The circuit will con­
trol 4, 8, or 12 pole brushless DC motors without the 
need for Hall sensors. It will operate in either bipolar or 
unipolar drive mode. Control, configuration, and status 
monitoring are handled by the µP. The complete speed 
control loop is contained in the circuit and the µPis only 
required during start and to monitor status. 

SPINDLE MOTOR START-UP 

Motor starting is accomplished with the µP utilizing 
various features contained in the motor speed control 
circuitry. The µP can write to the commutation counter 
and set it to a predetermined value with STATEO, 
STATE1, STATE2 bits. The counter can then be 
incremented with the ADVANCE bit which also excludes 
internal commutations when set HIGH. Bits COMMU, 
PERCHK 2, 3, 4, 5 provide feedback to the µPon motor 
activity. The µP can enable the drivers with MENABLE 
and UNIPOLAR bits as required, as well as cause a 
"soft" brake with UPBRK. 

Under µP control, initial open-loop commutation se­
quence is provided to the commutation logic which 
thereby advances and accelerates the spindle motor. 
The start-up process settles the motor initially by se­
lecting the bits STATEO, STATE1, STATE2 in the 
SPINDLE CONTROL register to energize a proper 
motor winding. Motor current is enabled by setting the 
MEANABLE bit in the SPINDLE CONTROL register. 
The commutation state is advanced by providing AD­
VANCE pulses in the SPINDLE CONTROL register. 
The period of the ADVANCE pulses will be based upon 
the motor and load characteristics and decreased 
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gradually during the acceleration of the motor. The µP 
may look at the COMMU bit in the SPINDLE STATUS 
register for feedback indicating whether the motor has 
achieved a sufficient speed. Once the motor has 
achieved a sufficient speed, the µP will cease generat­
ing ADVANCE pulses and motor starting is thus com­
pleted. 

SPINDLE MOTOR SPEED REGULATION 

Motor speed regulation is accomplished with mixed 
analog and digital techniques, converting a motor 
speed error derived from a reference clock and a 
period counter into a voltage. The voltage translates 
into a motor current across the current sense resistor 
regulating the motor speed. The speed regulation loop 
consists of a period counter, proportional and integral 
channels, two 6-bit DIA converters and a linear 
transconductance amplifier. 

In operation, the motor speed error is determined by 
measuring the period of each revolution with a 500 kHz 
clock signal. Period resolution is therefore 2 microsec­
onds with the desired period being 8333 counts (16.66 
ms,or3600.144 RPM) (4631 ), and5555counts (11.110 
ms, 5400.54 RPM) (4632). Motor rotor position is 
determined by monitoring the coil voltage of the wind­
ing that is not presently being driven by the drivers. The 
back-emf at the coil in conjunction with the state of the 
output drivers indicates rotor position. The back-emf is 
compared to a reference at CTSENSE and initiates 
"commutation events" when the appropriate compari­
son is made. The commutation is the sequential switch­
ing of the drive currentto the motor windings. Since the 
back-emf comparison event occurs prior to the time 
when optimum commutation should occur, it is thus 
required to delay actual commutation by a predeter­
mined time after the comparison. The commutation 
delay is provided by a non-retriggerable one-shot cir­
cuit wherein the time delay is a function of external RC 
timing components connected at EXTRC. Because 
commutation of the motor windings typically results in 
large transient voltages which could falsely indicate 
"commutation events," the one-shot circuit also pro­
vides a "noise filter"functionwhich holds off retriggering 
further and blanks the back-emf comparison events for 
a period of time (approximately one half the commuta­
tion delay) after commutation. The commutation states 
are defined in the SPINDLE CONTROL register. 
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The period counter is loaded with a count of 8333 
(4631),5555 (4632) initially, and period measurement 
results in residual counts (ideally zero) in the period 
counter as it counts down during the index-to-index 
time interval. The residual count is fed to the propor­
tional D/A converter (5 bit plus sign) whose output is 
provided at PROP. No period error will output half of 
VBIAS at PROP, too short a period will output a value 
less than half of VBIAS, and too long a period will output 
a value greater than half of VBIAS depending on the 
amount of error. 

When the residual count is within ± 15 counts of zero, 
the motor is indicated as "in lock." The lower eight bits 
of the period counter are fed to an accumulator which 
adds the present period residue to the previous accu­
mulation thus accomplishing an integrating effect to 
force the speed error to zero over time. The upper six 
bits of the accumulator are fed to the integral DAC 
whose output is INTEGRAL. Gross period errors will 
cause PROP and INTEGRAL to saturate at the appro­
priate extreme to achieve the maximum corrective 
control voltage. 

The outputs at PROP and INTERGRAL are connected 
to VIN with an external resistor network. The resistor 
values should be selected to set the required loop 
response based upon motor requirements. The input 
VIN is the non-inverting input of the linear 
transconductance amplifier which uses the lower driver 
transistor that is presently active per the commutation 
state. An external resistor is used to sense the current 
flowing through the drive transistor drain (and hence 
the motor coil current). The voltage across the sense 
resistor, the difference between SENSE and 
SENSEREF, is amplified by a programmable gain 
stage and fed to the inverting input of the 
transconductance amplifier. The gain of the program­
mable amplifier is determined by TGAINO and TGAIN1 
bits. 

Motor speed control includes a speed range check 
circuit, which provides in the SPINDLE STATUS regis­
ter a LOCK status bit, when the motor is at the target 
speed within ±0.18% (4631), -27%(4632), along with 
OVER status bit, when the motor is over or under the 
target speed. The LOCK and OVER status bits are 
available to the µP for diagnostics and spindle fault 
conditions. 

Additional low-speed period measurement data is avail­
able to the µP as the PERCHK2,3,4,5 bits in the 
SPINDLE STATUS register. 
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FUNCTIONAL DESCRIPTION (continued) 

MOTOR PEAK CURRENT LIMITING 

When the period error exceeds 256 counts too slow, 
the voltage at VLIM is selected as the control voltage 
in lieu of VIN. VLIM is to be used to set the motor peak 
current during start-up and acceleration. 

MOTOR BRAKING 

Fault conditions on power supplies and internal voltage 
reference generator will trigger an internal retract con­
dition. The internal retract condition will cause all 
predriver outputs to the states which will turn the driver 
transistors off, allowing the motor to coast. BRAKE 
typically has a capacitor to ground attached and is 
connected to pin SYSRST via a resistor. SYSRST 
goes LOW in the retract condition, and thus BRAKE will 
go LOW after the RC delay. When BRAKE goes LOW, 
all lower drivers are activated to achieve dynamic 
braking of the motor. The circuitry for these operations 
is powered by the back-emf of the spindle motor and 
will operate without either 5 or 12 volt supply. 

Dynamic braking can also be activated under µP con­
trol by setting UPBRK to LOW in the SPINDLE CON­
TROL register. During dynamic braking, the control 
loop is opened. 

Two other motor speed control functions related to 
other circuit functions in the SSI 32H463114632 are 
SLEEP mode and internal bias current. Two modes of 
SLEEP are provided forthe SSI 32H463114632, butthe 
effect on the motor speed control is the same for both 
modes, i.e., all analog circuitry is de-biased, the clock 
is disabled, the upper driver outputs become logic 
HIGH (to turn off all upper drivers including the center 
tap if used), and the lower driver outputs become logic 
HIGH. The internal bias currents for analog functions 
are set by an external resistor connected between IBR 
and ground. A 22.6 Kn, ±1% resistor should be used 
for proper operations. 

EXTERNAL INDEX APPLICATION 

Normal operation is performed with an internal index 
signal derived from the commutation counter (scaled 
via the MODEO and MODE1 bits based upon the 
number of motor poles). The period ofthe index signals 
is measured and controlled by the circuit to result in a 
rotational rate of 3600 (4631) 5400 (4632) RPM. Within 
the range of 3593.5 to 3606.5 RPM forthe SSI 32H4631 
and 5385.9 to 5415.1 RPM for the SSI 32H4632, the 
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spindle will be "in lock." After the motor is started and 
accelerated to speed (LOCK bit HIGH), an external 
index signal may be selected. Applying external index 
pulses at a rate within the lock range and setting INDEX 
SEL bit to HIGH will start the following sequence: 

The circuit will complete the period measurement of the 
latest internal index period and then begin to measure 
the time between the last internal index and the next 
external index pulse. This will most likely be shorter 
than the nominal assuming the two events are asyn­
chronous. If the period measured is not within 3% 
(4631 ), 4.5% (4632) of the expected value (16.667 
(4631 ), 11.11 (4632) milliseconds), the proportional 
and integral DI A converters will not be updated with a 
new correction value but will continue to output the 
previous value. The LOCK bit will be set to LOW 
indicating "out of lock." The next period measured will 
be between the first and second external index pulses 
and will presumably be within the lock range so that 
LOCK will be set to HIGH. If the period is within 3% 
(4631 ), 4.5% (4632) of the desired value, the propor­
tional and integral DIA converters will be updated. 
Similarly, during operation with external index, a miss­
ing index pulse would look like a gross speed error and 
no update on proportional and integral DI A converters 
will take place. The µP must perform the corrective 
actions in such cases, by examining LOCK bit, the 
PERCHK2,3,4,5 bits, and the source of the (missing) 
index pulses. A single missing index should require no 
action other than checking that LOCK returns to HIGH 
(in lock) in the next interval. 

DATA ACQUISITION AND MICROPROCESSOR BUS 
INTERFACE 

Figure 1 shows data acquisition circuits along with the 
microprocessor bus interface. To facilitate micropro­
cessor-based servo applications, the SSI 32H46311 
4632 contains a high-speed 8-bit AID converter at a 
conversion rate up to 250 kHz, an 8-bit DI A converter, 
and Motel bus interface compatible with commonly 
used 12 MHz 8051 and B MHz 68HC11. The AID 
converter can be multiplexed to sixteen different ana­
log inputsbyprogrammingtheADC_SELO, ADC_SEL 1, 
ADC_SEL2 andADC_SEL3 bits inthe ADC ADDRESS 
register by the µP. The analog inputs can be scaled by 
a gain of 4 by setting the X4 bit HIGH. The output of the 
gain stage is available externally at MUXOUT for 
diagnostics. The AID converter runs synchronously 
with the internal 500 kHz clock which is used for various 
circuits on the SSI 32H4631/4632. Therefore, there 
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would be a maximum of 2 microseconds of latency 
between a conversion request and the actual start of 
the conversion. Conversion is started by reading the Al 
D output register. The output is coded in 2's comple­
ment. Note that different voltage references corre­
sponding to one half of the AID full scale are used for 
different analog inputs as defined in the ADC AD­
DRESS register. 

Similarly, the DIA converter runs synchronously with 
the internal 500 kHz clock and conversion is started by 
writing to the DIA input register. The output at ERRDAC 
is referenced to ERREF and is held constant between 
conversions. 

4632. Three bus control signals are interpreted differ­
ently based upon the type of µP being used. The pin 
BUSMODE should be tied to HIGH for an Intel bus 
interface. The table below illustrates how both µPs 
connect to the SSI 32H4631/4632. The ASE pin gates 
the ALJASE input and can be used to shut off the ALE/ 
AS to minimize noise on chip when the µP interface is 
not active. The CS pin performs a similar function on 
the rest of the µP bus inputs. The timing diagrams for 
Intel and Motorola µP interface are shown in Figures 5 
and 6, respectively. 

The "Motel" interface to both Motorola and Intel µP's is 
provided for a direct connection to the SSI 32H46311 

REGISTER DESCRIPTIONS 

Intel 

ALE 

RD 

WR 

Motorola 32H4631/ 
32H4632 

AS ALE 

DS;E; or Clock Phase 2 RD 

R/W WR 

The SSI 32H4631/4632 contains ten 8-bit internal registers which provide control, option select and status 
monitoring. The registers are addressed with a 4-bit register address which is latched from inputs at ADO, AD1 , 
AD2, and AD3 on the falling edge of ALE. The registers from Oto 5 are read/write memory, the registers from 
6 to 9 are write only. The registers are summarized in Table 1. 

TABLE 1: SSI 32H4631/4632 Internal Registers 

ADDRESS TYPE REGISTER NAME 

0 R/W Interrupt Control/Status 

1 R/W Spindle Control/Status 

2 R/W Servo Control/Status 

3 R/W ADC Address/Data 

4 R/W Track Count LSB 

5 R/W Track Count MSB & Hybrid Servo Control 

6 w Error DAC Data 

7 w Embedded Servo Gain Control 

8 w Transconductance, Prescaler and Mode Control 

9 w Embedded Servo Timing Window Control 
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INTERRUPT CONTROUST ATUS REGISTER 

Address: 0 Access: Read/Write Reset: 00 
Register contents when Written to enable or disable interrupt events: 

BIT NAME DESCRIPTION 

0 COMMU INT When set HIGH, interrupt is enabled on a state change of the 
back-emf commutation clock COMMU. 

1 LOCK INT When set HIGH, interrupt is enabled on a state change of the 
spindle speed lock. 

2 BURST INT When set HIGH, interrupt is enabled on the embedded servo 
position bursts ready. 

3 TRKCSINT When set HIGH, interrupt is enabled on each track crossing. 

4 COUNT INT When set HIGH, interrupt is enabled on the terminal count (OOOH) of 
the track crossing counter. 

5,6 - Undefined. 

7 MST INT When set HIGH, the microprocessor signal INT is enabled. 

Register contents when Read 

BIT NAME DESCRIPTION 

0 COMMU INT Active high indicates a state change of the back-emf commutation 
clock COMMU. 

1 LOCK INT Active high indicates a state change of the spindle speed lock. 

2 BURST INT Active high indicates that the embedded servo position bursts are 
ready. 

3 TRKCSINT TRKCS INT is asserted when NQ or NO changes state, i.e., on each 
track crossing. 

4 COUNT INT COUNT INT is asserted when the terminal count (OOOH) of the track 
crossing counter is reached. 

5,6 - Undefined. 

7 MST INT Active high indicates that one or more interrupts are pending. 

Each interrupt event status is reset when the µP reads the corresponding status register. Specifically, interrupt 
events COM MU INT and LOCK INT are reset whenever the SPINDLE STATUS register (ADDRESS=1) is read. 
Interrupt events TRKCS INT, COUNT INT and BURST INT are reset whenever the SERVO STATUS register 
(ADDRESS=2) is read. All interrupt events may be read as interrupt status regardless of their corresponding 
interrupt mask settings. The interrupt control register determines which event will actually cause a latched 
assertion of the µP signal INT. Note thatthe MST INT is a master enable which disables all interrupt events from 
asserting INT when active low. Also, when read, MST INT indicates if any mask enabled interrupt events are 
still pending for service and reflects the internal state of the µP signal INT. 
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SPINDLE CONTROUSTATUS REGISTER 

Address: 1 Access: Read/Write Reset: 00 
Register contents when Written: 

BIT NAME DESCRIPTION 

0 UPBRK When set LOW, dynamic braking will be initiated where upper drivers 
are disabled and lower drivers are activated. 

1 UNIPOLAR This bit is set HIGH when unipolar motor is used. For unipolar motors, 
all upper drivers are disabled and OUTCT is activated. 

2 INDEXSEL When set HIGH, the input signal at EXTINDX, one pulse per revolution, 
is selected as the spindle speed indicator. Otherwise, the internal 
revolution clock developed from the back-emf sensing circuit is selected. 

3 MENABLE Driver Enable Control. When set LOW, both upper and lower drivers 
are turned off to deny power to the motor. This overrides all other output 
conditions. When set HIGH, drive outputs are activated per the state 
of the commutation state counter. 

Register contents when Written: 

BIT NAME DESCRIPTION 

4 ADVANCE Each LOW-TO-HIGH transition advances the edge-trigged commu-
' tation state counter by one. When set HIGH, the internal clock (derived 

' 
from the back-emf events ) to the commutation state counter is 
inhibited. When set LOW, normal operation is resumed. 

5 STATO Preset Commutation State. During start-up, the commutation state 
6 STAT1 counter will be preset to the state decoded by these 3 bits per table 2: 
7 STAT2 

TABLE 2: 

STAT2 STAT1 STATO OUTA OUTB OUTC OUTUPA OUTUPB OUTUPC 

0 0 0 OFF ON OFF ON OFF OFF 

0 0 1 OFF OFF ON ON OFF OFF 

0 1 0 OFF OFF ON OFF ON OFF 

0 1 1 ON OFF OFF OFF ON OFF 

1 0 0 ON OFF OFF OFF OFF ON 

1 0 1 OFF ON OFF OFF OFF ON 

1 1 0 Normal Operation 

1 1 1 Normal Operation 
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SPINDLE CONTROUSTATUS REGISTER (continued) 

Register contents when Read: 

BIT NAME DESCRIPTION 

0 LOCK Active high indicates that the spindle motor is within ±15 counts of the 
nominal value (8333 (4631), 5555 (4632) counts with the counter 
clocked at500kHz) or±0.18% (4631),0.27% (4632). The correspond-
ing interrupt event LOCK INT will be reset wheneverthis register is read 
by the µP. 

1 OVER Active high indicates that the spindle speed is faster than the nominal 
value; active low indicates that the spindle speed is slower than the 
nominal value. 

2 COM MU Back-emf commutation clock divided by 2. Each state change of 
COMMU indicates that the commutation state counter has advanced 
by one. The corresponding interrupt event COM MU INT will be reset 
whenever this register is read by the µP. 

3 PERCHK5 Spindle Speed Check Bits. These bits are used to estimate the 
4 PERCHK4 spindle speed if it is slower than the nominal value. 
5 PERCHK3 
6 PERCHK2 P2 P3 P4 PS SPEED,rps SPEED,rps 

(4631) (4632) 

0 0 0 0 SPEED <':48 SPEED <':65 
1 0 0 0 40::::; SPEED <':48 52::::; SPEED ;;>:65 
1 1 0 0 30::::; SPEED ;;>:40 36::::; SPEED ;;>:52 
1 1 1 0 20::::; SPEED ;;>:30 23::::; SPEED ;;>:36 
1 1 1 1 SPEED <':20 SPEED ;;>:23 

7 Undefined 
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SERVO CONTROL/STATUS REGISTER 

Address: 2 Access: Read/Write Reset: 00 
Register contents when Written: 

BIT NAME DESCRIPTION 

0 HENABLE H-bridge Driver Enable. When set HIGH, H-bridge MOSFET drivers 
are enabled. 

1 SWON When set HIGH, the analog switch between the ERRM and SWIN pins 
is turned on. 

2 - Undefined 

3 TIMING Timing Controller Disable. When set HIGH, the timing signals required 
to sample/hold embedded servo position bursts are derived from an 
external timing source via SAMPLEX and ACOX. Otherwise, the 
internal timing controller is used. 

4 DI BURST When HIGH, only two servo bursts, BURST1 and BURST2 are 
sampled. Otherwise, four servo burst amplitudes are sampled. 

5 LEAD Write Gate Guard Lead Enable. When set HIGH, the write gate guard 
is enabled one burst period prior to the sampling of the first position 
burstfield. Otherwise, the write gate guard is enabled essentially atthe 
same time as the sampling of the first position burst field. 

6 TIMO Burst Field Length Select. These two bits define the time duration 
7 TIM1 of each embedded servo position burst field per table below: 

TIM1 TIMO Burst Duration, µsec 

0 0 5 
0 1 6 
1 0 8 
1 1 10 

Register contents when Read: 

0 - Undefined 

1 - Undefined 

2 BURST Active HIGH indicates that the embedded servo position bursts are 
ready. 

3 TRKCS Active HIGH indicates a track crossing, i.e., NO or NO changes state. 

4 COUNT Active HIGH indicates that the terminal count (OOOH) of the track 
crossing counter is reached. 

5 - Undefined 

6 NO Active HIGH when N>O and reset otherwise. 

7 NO Active HIGH when N>-0 and reset otherwise. 

The corresponding interrupt events TRKCS INT, COUNT INT and BURST INT will be reset when this register 
is read by the µP. Also, the TRKCS, COUNT and BURST bits in this register are reset after being read. 
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Address: 3 Access: Read/Write Reset: Undefined 

Description: When Written, the least significant 4 bits of the register define the analog input to the 8-bit ND 
converter. After conversion, the 8-bit digital word of the analog input is stored into the register. 

Register contents when Written: 

BIT NAME DESCRIPTION 

0 ADC_SELO AID Converter Input Select. These 4 bits define the analog input to 
1 ADC_SEL1 the ND converter per table below: 
2 ADC_SEL2 
3 ADC_SEC3 

BIT3 BIT2 BIT1 BITO ADC INPUT ADCVref 

0 0 0 0 BURST1 VREF 

0 0 0 1 BURST2 VREF 

0 0 1 0 BURST3 VREF 

0 0 1 1 BURST4 VREF 

0 1 0 0 PES1 VREF 

0 1 0 1 PES2 VREF 

0 1 1 0 PESO VREF 

0 1 1 1 N NQREF 

1 0 0 0 Q NQREF 

1 0 0 1 ERR VREF 

1 0 1 0 SOUT VREF 

1 0 1 1 SENSE SENSEREF 

1 1 0 0 ADCIN VREF 

1 1 0 1 VREF VREF 

1 1 1 0 SUM1 VREF 

1 1 1 1 SUM2 VREF 

4 X4 X4 Enable. When set HIGH, the analog input to the AID converter will 
be multiplied by 4 before converted into a digital value. 

5,6,7 - Undefined 

Register contents when Read: 

BIT NAME DESCRIPTION 

0 .. 7 ADC0 .. 7 Digital output of the ND converter in 2's complement format. ADC7 
corresponds to the sign bit. 
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TRACK COUNT AND HYBRID SERVO CONTROL REGISTER 

Address: 4 and 5 Access: Read/Write Reset: oo 

Description: In a hybrid servo application, the dedicated servo channel is supported by a 12-bit track crossing 
counter with a 4-bit hybrid control register. The counter is preset by the µP and counts down by one whenever 
the head crosses a track boundary. The LSB 8 bits of the counter are defined at register 4 as follows: 

BIT NAME DESCRIPTION 

0 .. 7 TRACK0 .. 7 LSB of the track crossing counter 0 .. 7. When written, these bits preset 
the track counter. When read, they reflect the counter state. 

The MSB 4 bits of the counter along with the hybrid control bits are latched when the LSB 8 bits are read. The 
hybrid control bits, QUADO, QUAD1, SELECT Q and CALIB are ''Write only." They are defined at register 5 as 
follows: 

BIT NAME DESCRIPTION 

0 .. 3 TRACKS .. 11 MSB of track crossing counter 8 .. 11. When written, these bits preset 
the track counter. When read, they reflect the counter state. 

4 QUADO Quadrant Select. These 2 bits select the quadrant per table below: 
5 QUAD1 

QUAD1 QUADO Quadrant Selected 

0 0 -Q 

0 1 N 
1 0 -N 

1 1 Q 

6 SELECTQ Quadrant Select Enable. Select quadrant with QUADO and QUAD1 
when set HIGH. 

7 CALIB Calibration Enable. When set HIGH, the device is in the calibration 
mode in which analog inputs N and Q are tied to a DC reference level, 
NQREF: the analog input SERIN is tied to the DC reference level, 
SEREF. 

ERROR DAC DATA REGISTER 

Address: 6 Access: Write Reset: 00 

BIT NAME DESCRIPTION 

0 .. 7 DAC0 .. 7 Digital input to the DIA converter in 2's complement format. DAC7 
corresponds to the sign bit. 
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EMBEDDED SERVO GAIN CONTROL REGISTER 

Address: 7 Access: Write Reset: 00 

BIT NAME DESCRIPTION 

1 GAIN1 These two bits define the gain setting for the embedded servo differ-
ential amplifier per table below: 

GAIN1 GAINO Gain, dB 

0 0 -6 

0 1 -3 

1 0 0 

1 1 3 

2 GAIN2 Embedded Servo Burst Amplitude Gain Select. 
3 GAIN3 These four bits define the gain setting for the sample/hold amplifier per 
4 GAIN4 table below: 
5 GAINS 

GAINS GAIN4 GAIN3 GAIN2 Gain, dB 

0 0 0 0 0.0 
0 0 0 1 0.2 
0 0 1 0 0.4 
0 0 1 1 0.6 
0 1 0 0 0.8 
0 1 0 1 1.0 
0 1 1 0 1.2 
0 1 1 1 1.4 
1 0 0 0 1.6 
1 0 0 1 1.8 
1 0 1 0 2.0 
1 0 1 1 2.2 
1 1 0 0 2.4 
1 1 0 1 2.6 
1 1 1 0 2.8 
1 1 1 1 3.0 

6 SYNC SEL Sync Input Select. When set HIGH, the frame rate to sample dedicated 
quadrature position signals N and Q is derived internally from SYSCLK. 
Otherwise, it is provided externallyfromthe servo demodulatorthrough 
SYNC and VCO inputs. 

7 TCHE Track Clock Hysteresis Enable. When set HIGH, an internal timing 
hysteresis is added for deriving the TRKCK output. 
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TRANSCONDUCTANCE, PRESCALER & MODE CONTROL REGISTER 

Address: 8 Access: Write Reset: Bit 4 and 5 only 

Bit Name Description 

0 TEST Test Mode Enable. When set HIGH, the device is in the test mode 
where the testing time for the spindle motor speed control function is 
shortened. 

1 SLEEP Power-down Mode Enable. When set HIGH, the device is in the power-
down mode where all analog circuitry is de-biased, the clock is disabled 
and the output drivers are pulled to logical HIGH. 

2 TGAINO Transconductance Select. The transconductance gain of spindle 
3 TGAIN1 motor lower drivers is defined per table below: 

TGAIN1 TGAIND Gain 

0 0 2 

0 1 4 

1 0 8 
1 1 16 

4 SCALEO SYSCLK Prescaler. To accommodate different system clocks which 
5 SCALE1 may be used, the prescaler selects a proper divider to generate a fixed 

clock at 500 kHz per table below: 

SCALE1 SCALED SYSCLK(MHz) Divider 

0 0 10 20 

0 1 8 16 

1 0 6 12 

1 1 4 8 

6 MODEO Spindle Mode Control. These two bits define the number of motor 
7 MODE1 poles per table below: 

MODE1 MOOED POLES COMMU/INDEX 
0 0 4 12 

0 1 8 24 

1 0 12 36 

1 1 N/A N/A 
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Address: 9 Access: Write Reset: 00 

SSI 32H4631 /4632 
Hybrid Servo & Spindle 

Motor Controller 

Description: The embedded servo position burst timing controller generates four timing windows. The sample 
control register matches these timing windows with four SAMPLE/HOLD circuits. The µP writes into the register 
a control pattern which will provide a necessary sampling to compare the required bursts in a proper polarity and 
sequence. In this manner, the µP can mix and commutate the bursts so that the position error signal is always 
in the same direction. 

BIT NAME DESCRIPTION 

0,1 WDSH1 Define timing window for SAMPLE/HOLD 1. Bit 0 is LSB. 

2,3 WDSH2 Define timing window for SAMPLE/HOLD 2. Bit 2 is LSB. 

4,5 WDSH3 Define timing window for SAMPLE/HOLD 3. Bit 4 is LSB. 

6,7 WDSH4 Define timing window for SAMPLE/HOLD 4. Bit 6 is LSB. 

The timing window is selected per table below: 

MSB LSB S/H Timing Window 

0 0 Timing window 1 

0 1 Timing window 2 

1 0 Timing window 3 

1 1 Timing window 4 

1291-rev. 6-55 

II 



SSI 32H4631 /4632 
Hybrid Servo & Spindle 
Motor Controller 

30 31 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 M 25 26 27 28 29 30 31 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

FIGURE 2: Dedicated Servo Timing Diagram 
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FIGURE 3: Embedded Servo Timing Diagram with Internal Timing Source 
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FIGURE 4: Embedded Servo Timing Diagram with External Timing Source 
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PIN DESCRIPTION 

SSI 32H4631 /4632 
Hybrid Servo & Spindle 

Motor Controller 

This section describes the names of the pins, their symbols, their functions and their active states. The pins 
are grouped together into function for clarity. 

POWER SUPPLIES 

NAME TYPE DESCRIPTION 

VPA,B,C,G - Analog +SV supplies. They must be shorted externally. 

VPD - Digital +SV supply. It must be shorted to analog +SV supplies externally. 

VNA,B,C,G - Analog grounds. They must be shorted externally. 

VND, VND2 - Digital grounds. They must be shorted to analog grounds externally. 

SERVO HEAD POSITION PROCESSOR 

N I Normal Input - Analog position signal from a dedicated servo demodulator. This 
input along with quadrature input is used to extract the position information from 
a dedicated servo surface. 

Q I Quadrature Input - Analog position signal from a dedicated servo demodulator. 

NO REF I Dedicated Position Error Reference - DC reference voltage for both normal and 
quadrature analog inputs. 

SYNC I Sync Input - A clock signal generated from a dedicated servo demodulator. The 
falling edge of this clock causes the analog signals N and Q to be sampled. 

vco I VCO Input - A clock signal generated from a dedicated servo demodulator. The 
VCO should be synchronous with N and Q inputs. 

TRKCK 0 Track Crossing Clock - This digital output drives external hardware track counter 
and is compatible with the counter function available in the Intel 8051 family of 
microcontrollers. It is normally LOW and pulses HIGH once per track crossing. 

TCNT 0 Terminal Count -The terminal count output is normally HIGH and goes LOW when 
the 12-bit counter reaches zero. 

PESO 0 Position Error Output - Test point for the analog output of the position processor. 
This signal is proportional to the radial displacement of the head from the center 
ofthe currenttrack, based upon the values of bits QUADO, QUAD1 and SELECT Q. 

SERIN I Embedded Servo Input - Full-wave rectified analog signal generated from a read 
data channel. This input is to extract the position information from embedded servo 
bursts. 

SEREF I Embedded Servo Burst Reference -A DC reference level for the full-wave rectified 
analog signal SERIN. 

SAMPLEX I Servo Burst Sample - This TTL compatible input, when HIGH, activates the peak 
detector. This input is used only when the TIMING bit in the SERVO CONTROL 
register is set HIGH for an external timing source. 
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SERVO HEAD POSITION PROCESSOR (continued) 

NAME TYPE DESCRIPTION 

ACQX I Servo Burst Acquisition - This TIL compatible input, when HIGH, activates the 
transfer of the voltage captured by the peak detector onto holding capacitors. This 
input is used only when the TIMING bit in the SERVO CONTROL register is set 
HIGH for an external timing source. 

PES1 0 Position Error Signal - Test point for differential signals which are defined as: 

PES2 PES1 = BURST1-BURST2 
PES2 = BURST3-BURST 4 

SUM1 0 Position Sum Signal - Test point for summed signals which are defined as: 

SUM2 SUM1 = BURST1 +BURST2 
SUM2 = BURST3+BURST4 

HEAD POSITIONER MOSFET DRIVER AND VOLTAGE FAULT DETECTION 

ERRM I Actuator Inverting Input - Inverting input to the position error amplifier of the 
MOSFET predriver. 

SWIN I This input is shorted to ERRM when the bit SW ON is set HIGH. SWIN floats 
otherwise. 

ERR 0 Acceleration Error - Position error amplifier output. This signal is amplified by the 
MOSFET drivers and applied to the actuator through an external MOSFET H-
bridge as follows: 

SE3-SE1 = 30 (ERR-VREF) 

AOUTA 0 PFET Driver - Drive signals for P channel MOSFETs connected between 
AOUTC VBRIDGE and the voice coil actuator. Crossover protection circuitry ensures that 

the P and N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 

AOUTB 0 NFET Driver - Drive signals for N channel MOSFETs connected between the 
AOUTD current sense resistor and the voice coil actuator. 

VBRIDGE I Bridge Voltage Supply - Pin for connection to the voltage supply provided to 
external power transistors. 

VRETRACT I Retract Voltage - In head retract mode this voltage is applied across the actuator 
to force the heads to move at a constant speed. 

AOUTR 0 Head Retract Amplifier Output - Voltage output to drive an external head retract 
circuit. 

SE1 I Motor Voltage Sense Input - These inputs provide feedback to the internal 
SE3 MOSFET drive amplifier. 

SE2 I Motor Current Sense Input - Non-inverting input to the current sense differential 
amplifier. It should be connected to an external current sense resistor. The 
inverting input of the differential amplifier is SE1. 

SOUT 0 Motor Current Sense Output - This output provides a voltage proportional to the 
voltage drop across the external current sense resistor as follows: 

SOUT-ERREF = 4 (SE2-SE1) 

6-60 1291 - rev. 



1291-rev. 

SSI 32H4631 /4632 
Hybrid Servo & Spindle 

Motor Controller 

HEAD POSITIONER MOSFET DRIVER AND VOLTAGE FAULT DETECTION (continued) 

NAME TYPE DESCRIPTION 

vx 0 Crossover Protection Voltage - The current source output at VX is converted to a 
voltage with an external resistor. The value of the resistor should be adjusted so 
that VX is less than the specified minimum threshold voltage of the MOSFET 
bridge. 

VBYP I Bypass Voltage Supply - The VBRIDGE voltage is stored on this node for use 
during retract. 

PSB I Fault Voltage Comparator Inputs - Voltage inputs for the low voltage 
PSV comparators. These two inputs should be connected to separate external resistor 

dividers. Each resistor divider divides its corresponding supply voltage to a proper 
value which is comparable with the internal voltage reference at 2.25 volts. 

VREF 0 Internal Voltage Reference - A voltage reference at 2.25 volts is generated 
internally for the DC reference level throughout the device. Due to limited drive 
capability provided with on-chip voltage reference, this pin shall be used only for 
connecting an external bypass capacitor of 1 O µF. 

IBR 0 Bias Current Reference - Pin for connection to an external resistor (from GND) to 
establish a reference current for bias currents used in analog circuits. 

RESET I Reset Input - When set LOW, all the internal registers are reset and a forced head 
retraction is activated. 

SYSRST 0 Reset Output - Active LOW output signal, which is generated by a supply voltage 
fault or RESET being pulled LOW externally. 

SYSRST 0 Reset Output - Active HIGH output signal which is inverted version of SYSRST. 

RCRST I Pin for connection to an external capacitor to extend the active low duration of 
SYSRST. 

SPINDLE MOTOR SPEED CONTROL 

EXTINDX I External Index Input- This TTL compatible input, when selected via the INDEX SEL 
bit, is used to provide a once-per-revolution indication of angular position and 
speed to the device. The falling edge of EXTINDX is the reference. 

SYSCLK I System Clock Input - A TTL compatible input is provided to derive internal timing 
signals. 

EXTRC I Pin for connection to a resistor (from VDD) and a capacitor (from GND) to provide 
the commutation delay. The commutation delay is 0.56 RC. Afterthe commutation 
delay, the timing block provides a noise rejection interval to reject transients on the 
motor coils due to commutations. This noise rejection is an additional 0.29 RC. 
The total time (commutation delay and noise rejection internal) must be less than 
a commutation cycle time. 
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SPINDLE MOTOR SPEED CONTROL (continued) 

NAME TYPE DESCRIPTION 

BRAKE I Spindle Braking Enable -This input, when active LOW, dynamically brakes the 
spindle motor. A resistor (from SYSRST) and a capacitor (from GND) are con-
nected to this pin to provide a delay between the initiation of fault-induced head 
retraction and motor braking. RC are selected such that 1.2 RC is equal to the 
maximum time required for head retraction. 

VBIAS 0 Buffered Bias Voltage - VBIAS is buffered VREF to be used for VLIM and motor 
speed setting bias. (In some applications, it is necessary to create an "offset" to 
the speed control loop to obtain proper speed regulation.) 

PROP 0 Proportional Channel D/A Output - The proportional channel output is the least 
significant 5 bits plus sign of the period measuring counter. The LSB signifies a 
2 microsecond period variation. 

INTEGRAL 0 Integral Channel DIA Output - The integral channel output is the most significant 
6 bits of an 8-bit accumulator. The accumulator adds the least 8 bits of the period 
measurement counter to the previous value obtained from prior period mea-
surements and accumulations. 

VIN I Speed Control Voltage Input - The combination of external driver transistors and 
internal predriver circuits forms a transconductance amplifier which will define the 
motor current in relation to VIN. In conjunction with the SENSE input and the gain 
setting for the sense amplifier, the transconductance gain is given by: 

gm=lmNIN=1/(Rs•Av) 
where Im is the current flowing through the spindle motor coils, Rs the current sense 
resistor and Av the transconductance gain defined by TGAINO and TGAIN1 bits. 

VUM I Current Limit Setting Voltage - The spindle motor current will be limited to a value 
determined by Rs, VLIM and Av such that lmax=VLIM/(Rs•Av). VUM is used 
whenever the spindle speed is measured less than 3490 RPM (4631 ), 5162 RPM 
(4632). 

SENSE I Current Sense Amplifier Noninverting Input-The external driver transistor sources 
are connected to a current sense resistor Rs to monitor motor current. The device 
will control the voltage across the sense resistor to match either VIN (during normal 
operation) and VLIM (during acceleration). 

SENSE REF I Current Sense Amplifier Reference Input- Pin for a Kelvin connection to the ground 
side of the sense resistor. 

OUTA 0 Predriver Outputs - These predriver outputs drive the gates of external power 
OUTB NFETs. They are configured as open-drain outputs with internal 10 KQ 
OUTC pull-up resistors to VBEMF. 

OUTUPA 0 Upper Pull-up Outputs - These predriver outputs drive the gates of external 
OUTUPB power PFETs. They are configured as open-drain outputs with internal 
OUT UPC 10 KO pull-up resistors to VBEMF. 

OUTCT 0 Center Tap Predriver -This output drives an external PFET driver which connects 
the motor center tap to the positive power supply for unipolar drive applications. 
OUTCT has the same characteristics as OUTUPA,B,C and is enabled via the 
UNIPOLAR bit. 
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SPINDLE MOTOR SPEED CONTROL (continued) 

NAME TYPE DESCRIPTION 

VB EMF I Back-emf Voltage - A power diode voltage drop from the motor power supply is 
defined as VBEMF. The external PFET sources are connected to VBEMF as is 
this pin. During power failure, this voltage is used to provide power for head 
retraction and motor braking. 

BEMFA I Back-emf Inputs - Inputs to be connected to their respective motor coils and 
BEMFB the center tap for sensing generated back-emf voltages. The device uses the 
BEMFC back-emf voltages to determine the rotor position and effect commutation. 
CTSENSE 

REVCLK 0 Revolution Clock Output - This output generates a once-per-revolution indication 
of motor activity derived from back-emf events. 

DATA ACQUISITION AND MICROPROCESSOR BUS INTERFACE 

ALE I Address Latch Enable - Falling edge latches the register address from the 
ADO .. AD7 address/data bus. 

ASE I Address Strobe Enable - When set LOW, this input enables ALE input to the 
device. 

cs I Chip Select - Active LOW signal enables the device to respond to µP read or write. 

WR I Write Strobe - In Intel µP applications, active LOW signal causes the data on the 
address/data bus to be written to the addressed register if CS is also active. 

RD I Read Strobe - In Intel µP applications, active LOW signal causes the contents of 
the addressed register to be placed on the address/data bus if CS is also active. 

ADO .. AD7 110 Address/Data Bus - 8-bit bus which carries register address information and 
bidirectional data. These pins are in the high impedance state when not used. 

BUSMODE I Mode Select - When active HIGH, Intel bus interface is selected. Otherwise, 
Motorola bus interface is selected. 

--
INT 0 Interrupt Strobe - Active LOW output signals the µP to respond to the device. It is 

released when all the pending interrupts have been serviced by the µP. 

PWRDN I Power-down Mode Enable - When set HIGH, the device is in the power-down 
mode where all analog circuitry is de-biased, the clock is disabled and the output 
drivers are pulled to logical HIGH. 

ERRDAC 0 Error DAC Output - An 8-bit D/ A output which converts a digital word from the µP 
into an analog signal. This signal is fed back to the position error amplifier through 
external RC components. 

ER REF 0 Reference voltage for DIA output ERRDAC. 
-----1 

ADCIN I External AID input. 

MUXOUT 0 Test point for the X4 amplifier output which is the input to the AID converter. 
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EMBEDDED SERVO TIMING CONTROLLER 

NAME TYPE DESCRIPTION 

EXDET I Bit Synchronization Input-The internal servo timing controller is synchronized with 
this TIL compatible input. 

HOLD 0 AGC Gain Hold - TIL compatible control signal holds the input AGC amplifier gain 
of a pulse detector, such as 32P4620, when pulled LOW. 

WGIN I Write Gate Input - TTL compatible input from the storage controller. 

WGOUT 0 Write Gate Output- TIL compatible control signal derived from WGIN. This output 
will be pulled LOW during embedded servo position burst sampling. 

AW 0 Read/Write Control Output - TTL compatible control signal derived from WGIN. 
This output will be pulled HIGH during embedded servo position burst sampling or 
when a low voltage fault occurs. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect reliability. 

PARAMETER SYMBOL CONDITIONS MIN NOM MAX UNITS 

Supply voltage applied at VDD 0.1 7.0 v 
VPA, VPB,VPC,VPD, 
VPG 

Signal ground applied at GND 0.0 0.0 v 
VNA, VNB, VNC, VND, 
VND2, VNG 

Bridge voltage applied at VBRIDGE 0.1 14.0 v 
VBRIDGE 

Bypass voltage applied at VBYP 0.1 14.0 v 
VBYP 

Back-emf voltage applied VB EMF 0.1 20.0 v 
at VBEMF 

VBEMF current if IBEMF - 5.0 mA 
VBEMF>18V 

Digital input voltages VIND -0.3 VDD+0.3 v 
Analog input voltages VINA -0.3 VDD+0.3 v 
Storage temperature Tstg -65 150 oc 
Lead temperature Tl - 300 oc 
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OPERATING ENVIRONMENT LIMITATIONS 

SSI 32H4631/4632 
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Motor Controller 

The recommended operating conditions for the device are indicated in the table below. Performance 
specifications do not apply where the device is operating outside these limits. 

PARAMETER SYMBOL CONDITIONS MIN NOM MAX UNIT 

Supply voltage applied at VDD 4.75 - 5.25 v 
VPA,VPB,VPC,VPD,VPG 

Signal ground applied at GND 0.0 - 0.0 v 
VNA,VNB,VNC,VND, 
VND2,VNG 

Bridge voltage applied VBRIDGE 4.75 - 13.2 v 
atVBRIDGE 

Bypass voltage applied VBRIDGE 0.0 - 0.8 v 
at VBYP -VBYP 

Back-emf voltage applied VBRIDGE -5.0 - 0.8 v 
atVBEMF -VBEMF 

Ambient temperature TA 0.0 - 70.0 oc 
System clock (10 MHz, Max) Fe -0.01 - +0.01 % 

Capacitive load on digital CL - - 100 pF 
outputs 

Analog input impedance Rin 100 - - kn 

Cin - - 50 _Qf 

Load on analog outputs Rout 10 - - kn 

Cout - - 40 pF 

Bias resistor (22.6 kn, Typ) RBIAS -1 - +1 % 

DC CHARACTERISTICS 

The following electrical specifications apply to the digital -input and output signals over the recommended 
operating range unless otherwise noted. Positive current is defined as entering the device. Minimum and 
maximum are based upon the magnitude of the number. 

Supply current IDD VDD=5.25V 
Normal mode - - 50 mA 

Power-down mode - - - 5 mA 

Output logic "1" voltage Voh loh=-0.4 mA 2.4 - - v 
VDD=4.75V 

Output logic "O" voltage Vol lol=1.6mA - - 0.4 v 
VDD=4.75V 

Input logic "1" voltage Vih VDD=4.75V 2.0 - - v 
Input logic "O" voltage Vil VDD=4.75V - - 0.8 v 
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ELECTRICAL SPECIFICATIONS (continued) 

DC CHARACTERISTICS (continued) 

PARAMETER SYMBOL CONDITIONS 

Input logic "1" current lih Vih=5.25V 
VDD=5.25V 

Input logic "O" current Iii Vil=0.0 
VDD=5.25V 

Input capacitance Cin 

FUNCTIONAL CHARACTERISTICS 

Dedicated Servo Position Processor 

PARAMETER CONDITIONS 

N,Q comparator hysteresis 

Commutator comparator 
offset 

N,Q input voltage 
w.r.t GND 

NOREF w.r.t. GND 

Channel gain from N,Q 
to PESO 

PESO output swing 
w.r.t. VREF 

PESO offset 

PESO output corner frequency 

Embedded Servo Burst Amplitude Processor 

SERIN w.r.t. GND 

SEREF w.r.t. GND 

SERIN input voltage Channel gain=-6 dB 

swing w.r.t. SEREF Channel gain=O dB 

Servo burst frequency 

Input impedance at 

SERIN, SEREF 

DC offset at PES1 ,PES2 BURST1 =BURST2=0 .5V 
BURST3=BURST4=0.5V 

DC offset at SUM1 ,SUM2 BURST1 =BURST2=0.5V 
BURST3=BURST4=0.5V 
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MIN 

-

-

-

MIN 

5 

-

0 

2.1 

0.96 

-

-50 

20 

2.0 

2.0 

0.0 

0.0 

0.5 

20 

-
-

-

NOM MAX UNIT 

- 10 µA 

- -10 µA 

- 10 pF 

NOM MAX UNIT 

- 30 mV 

- 30 mV 

- 3.7 v 

- 2.9 v 
1.0 1.04 

- ±1.1 v 

- 50 mV 

40 80 kHz 

- VDD v 
- 3.0 v 
- 2.0 Vp 

- 1.0 Vp 

- 2.0 MHz 

- - kil 

- 10 pF 

- ±20 mV 

- -200 mV 
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Embedded Servo Burst Amplitude Processor (continued) 

PARAMETER CONDITIONS 

Differential gain error 
at PES1,PES2,SUM1,SUM2 

Integral gain error 
at PES1 ,PES2,SUM1 ,SUM2 

PES1 ,PES2 output swing 
w.r.t. VREF 

SUM1,SUM2 output swing 
w.r.t. VREF 

Allowable load at PES1, PES2, 

SUM1 ,SUM2 to VREF 

Embedded Servo Timing 

SSI 32H4631/4632 
Hybrid Servo & Spindle 

Motor Controller 

MIN NOM MAX UNIT 

- - ±0.05 dB 

- - ±0.5 dB 

- - ±1.1 v 

- - 1.1 v 

10 - - kn 

- - 40 pF 

The following timing specifications are applied when the internal servo timing block is selected by pulling the 
TIMING bit to logical LOW. Timing measurements are defined in Figure 3 and made at 50% VDD with 50 pF 
load capacitances for all pins, unless otherwise noted. 

PARAMETER SYMBOL MIN NOM MAX UNIT 

Burst cell time tBsT· 
TIMO='O' TIM1='0' - 5.0 - µs 

TIM0='1' TIM1='0' - 6.0 - µs 

TIMO='O' TIM1='1' - 8.0 - µs 

TIM0='1' TIM1='1' - 10.0 - µs 

EXDET pulse width tEXDW 0.5 - tBsT µs 

Internal first sampling time ts po 
from EXDET rise 

LEAD='O' 1.0 - 1.7 µs 

LEAD='1' (tBST+1.0) - (tBST+1.7) µs 

Sampling pulse width tspw 
TIMO='O' TIM1='0' - 2.0 - µs 

TIM0='1' TIM1='0' - 3.0 - µs 
-----

TIMO='O' TIM1='1' - 5.0 - µs 

TIM0='1' TIM1='1' - 7.0 - µs 

Acquisition pulse width tAPW - 2.0 - µs 

Discharge pulse width to1s - 0.75 - µs 

Nonoverlapping time between 1NON - 0.25 - µs 
sampling & acquisition pulses 
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Embedded Servo Timing (continued) 

PARAMETER SYMBOL 

Burst ready interrupt from t1NT 
EXDETrise 

DIBURST ='0' LEAD='O' 

DIBURST ='1' LEAD='O' 

DIBURST ='0' LEAD='1' 

DIBURST ='1' LEAD='1' 

WGOUT & RW delay time tDwG 
from EXDET rise 

WGOUT & RW hold time txwG 
from EXDET rise 

DIBURST ='0' LEAD='O' 

DI BURST ='1' LEAD='O' 

DI BURST ='0' LEAD='1' 

DIBURST ='1' LEAD='1' 

HOLD delay time from EXDET tDHL 
rise 

LEAD='O' 

LEAD='1' 

HOLD hold time from EXDET txHL 
rise 

DIBURST ='0' 

DIBURST ='1' 

MIN NOM MAX UNIT 

(4tssT+5.2) - (4tssT+5.9) µs 

(2tssT+5.2) - (2tssT+5.9) µs 

(5tssT+5.2) - (5tssT+5.9) µs 

(3tssT+5.2) - (3tssT+5.9) µs 

0.0 - 0.1 µs 

(4tssT+1.o) - (4tssT+1.7) µs 

(2tssT+1.o) - (2tssT+ 1.7) µs 

(5tssT+ 1.0) - ( 5tssT+ 1 . 7) µs 

(3tssT+ 1.0) - (3tssT+ 1.7) µs 

0.2 - 0.7 µs 

(tssT+o.2) (tssT+0.7) µs 

(4tssT+1.o) - ( 4tssT+ 1. 7) µs 

(2tssT+ 1.0) - (2tssT+ 1. 7) µs 

The following timing specifications are applied when the internal servo timing block is selected by pulling the 
TIMING bit to logical HIGH. Timing measurements are defined in Figure 4 and made at 50% VDD with 50 pF 
load capacitances for all pins, unless otherwise noted. 

EXDET pulse width tEXDW 0.5 - 5.0 µs 

SAMPLEX delay time from ts PD 0.2 - - µs 
EXDET rise 

SAMPLEX pulse width tspw 3 - - µs 

ACQX pulse width tAPW 2 - - µs 

Nonoverlapping time between tNON 0.0 - - µs 
SAMPLEX & ACQX pulses 

Burst ready interrupt from last t1NT 5.2 - 5.9 µs 
ACQXfall 

WGOUT & RW delay time from towG 0.0 - 0.1 µs 
EXDET rise 
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Embedded Servo Timing (continued) 

PARAMETER SYMBOL 

WGOUT & RW hold time from txwG 
last ACQX fall 

HOLD delay time from first tDHL 
SAMPLEX rise 

HOLD hold time from last txHL 
ACQXfall 

Head Positloner MOSFET Driver 

PARAMETER CONDITIONS 

VRETRACT voltage VBEMF=3V 

VBEMF = 12V 

Retract offset 
VBEMF=3V VRETRACT = 0.5V 

VBEMF = 6V VBYP = 4V to 13V 

VBEMF = 12V IAOUTR<1 mA 

Voh at AOUTR loh = 1mA 
VBEMF = 4V VBYP = 4V 

VBEMF = 4V VBYP = 3V 

Leakage current at AOUTR RETRACT= LOW 
AOUTR = OV to 14V 

VohruAOUTA,AOUTC loh = -1 mA 

loh = -1 µA 

Vol at AOUT A, AOUTC lol = 10 µA 

Voh at AOUTB loh = -10 µA 

Voh at AOUTD loh = -10 µA 

Vol at AOUTB, AOUTD lol = 1 mA 

lol = 10 µA 

Input offset at SOUT 

SOUT/(SE1-SE2) 

SE1/ERR, SE3/ERR 

ERRAMP input offset 

ERRAMPgain 

Output crossover time PFET VTH = -2V 
CL= 600 pF at AOUTA,C NFETVTH =2V 
CL= 150 pF at AOUTB,D Rx= 50 k.Q 

Input impedance at SE1, 
SE2,SE3 

SSI 32H4631 /4632 
Hybrid Servo & Spindle 

Motor Controller 

MIN NOM MAX UNIT 

1.0 - 1.7 µs 

0.2 - 0.7 µs 

1.0 - 1.7 µs 

MIN NOM MAX UNIT 

0.3 - 0.9 v 
0.4 - 1.2 v 

-50 - 50 mV 

-70 - 70 mV 

-150 - 150 mV 

1.5 - - v 
1.3 - - v 
- - 1 µA 

VBRIDGE-1.2 - - v 
VBRIDGE-0.1 - - v 

- - 1 v 
VBRIDGE-0.5 - - v 

VBYP-0.5 - - v 
- - 1 v 
- - 0.2 v 
- - 3 mV 

3.9 - 4.1 VN 

14.0 - 15.4 VN 

- - 10 mV 

1000 - - VN 

- - 45 µs 

20 - - kQ 
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SSI 32H4631 /4632 
Hybrid Servo & Spindle 
Motor Controller 

Voltage Reference and Voltage Fault Circuit 

PARAMETER CONDITIONS 
VPB voltage for SYSRST 
& RCRST in operation 
On resistance at RCRST 

VPB>3.5V VBYP>4V 
VPB>3.5V VBYP>10V 

RCRST input threshold VBYP=4V 
IBR voltage w.r.t. VREF 
VREF voltage 1111<10µA 

VREF trimming steps relative to 
TRIMO = 'O' TRIM1 = 'O' TRIMO = '1 ', TRIM1 = '1' 
TRIMO= 'O' TRIM1 = '1' 
TRIMO= '1' TRIM1 = 'O' 

PSB,PSV comparator offset 

Spindle Motor Speed control 

SYSCLK duty cycle 
EXTINDX pulse width 
Timing resistor at EXTRC 
Timing capacitor at EXTRC 

Delay time variation relative 
to TO* 
Vil at BRAKE VBEMF=5V 
Vih at BRAKE VBEMF=5V 
Output voltage swing at PROP 
&INTEGRAL 

lout<0.1mA 

DAC step size at PROP & 
INTEGRAL 

Output impedance at PROP & 0.5V<Vout<2.0V 
INTEGRAL lout=0.1mA 
Kp,proportional gain** 32H4631 

32H4632 
Ki.integral gain 32H4631 

32H4632 
VBIAS output w.r.t. VREF 
Input voltage at VIN & VLIM 

MIN 

-

-
-

0.2 

-80 
2.14 

-
-
-

-15 

40 
200 

0.01 
100 

-5 

0 

1.5 

0 

32 

-

0.70 
0.31 

10.48 

6.98 

-50 

0 

NOM MAX UNIT 

- 2 v 

- 800 n 
- 550 n 
- 1.2 v 

- 20 mV 

- 2.36 v 

-30 - mV 

+70 - mv 

-90 - mV 
- 15 mV 

- 60 % 
- - ns 

- 10 MO 

- - pF 

- 5 % 

- 0.3 v 

- - v 

- VBIAS±5% v 

- 39 mV 

- 300 n 

0.77 0.85 V/rad/s 
0.34 0.38 V/rad/s 

11.6 12.75 V/rad 

7.75 8.533 V/rad 

- 25 mV 

- 2.25 v 

l*TO is the commutation delay and is given by the relationship TO = 0.56RC. Suggested value for C would 
be 470 to 1000 pF. An external R and C must be provided such that TO is greater than 1 O µs (R=22 k.Q, 

C=470 pF). 
**The motor speed control loop can be described as: H(s)=Kp+Kj/S 
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Spindle Motor Speed Control (continued) 

PARAMETER CONDITIONS 

Input leakage current at 
VIN & VLIM 

Output resistance at Output in HIGH state, 
OUTUPA,B,C & OUTCT pulled to VBEMF 

Vol at OUTUPA,B,C & lout<3mA 
OUTCT VBEMF=13.2V 

Output resistance at Output in HIGH state, 
OUTA,B,C pulled to VBEMF 

Vol at OUTA,B,C lout<5mA 

Input voltage at SENSE Av=2 

Input voltage at SENSEREF 

Input leakage current at 
SENSE 

0.0V<Vin<1.0V 

Input leakage current at 0.0V<Vin<0.05V 
SENSEREF 

Input capacitance at 
SENSE & SENSEREF 

Gain variation* Av=2,4,8, 16 

Input impedance at -0.3V<Vin<15V 

BEMFA,B,C,CTSENSE 

LOCK indication range 

Speed resolution 32H4631 

32H4632 

SSI 32H4631 /4632 
Hybrid Servo & Spindle 

Motor Controller 

MIN NOM MAX UNIT 

-1 - 1 µA 

5 - 20 kn 

- - 1.0 v 

5 - 20 kn 

- - 1.0 v 

0.0 - 1.0 v 

0.0 - 0.05 v 

-10 - 10 µA 

-200 - 10 µA 

- - 20 pF 

-10 - 10 % 

100 - - kn 

- - 10 pF 

3593.5 - 3606.5 RPM 

3593.5 0.012 3606.5 % 

5385.9 0.18 5415.1 % 

*The transconductance gain from VIN or VLIM to the steady-state current flowing through the motor is given 
by G = 1/(RsENSE. Av) 

DATA ACQUISITION 

AID Converter 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ADCIN full-scale X4=LOW - ±(VREF/2) - v 

swing w.r.t. VREF X4-HIGH - ±(VREF/8) - v 

Resolution - 8 - Bits 

Conversion time* - - 4.0 µs 

LSB voltage X4=LOW - VREF/256 - mV 

X4=HIGH - VREF/1024 - mv 

Differential nonlinearity - - ±0.5 LSB 
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SSI 32H4631 /4632 
Hybrid Servo & Spindle 
Motor Controller 

DATA ACQUISITION (continued) 

Error DIA Convener 

PARAMETER CONDITIONS 

ERRDAC full-scale voltage 
swing w.r.t ERREF 

Resolution 

Conversion time* 

LSBvoltage 

Differential nonlinearity 

MIN 

-

-
-
-
-

NOM MAX UNIT 

±(VREF/2) - v 

8 - Bits 

- 4.0 µs 

VREF/256 - mV 

- ±0.5 LSB 

*A maximum of 2 µs of latency between a conversion request and the actual start of conversion must be added 
to this conversion time of 4 µs to calculate the total delay time from a conversion request to the completion 
of conversion. 

Intel Microprocessor Interface Timing 

The following timing specifications are applied when an Intel bus interface is selected by pulling the 
BUSMODE pin to logical HIGH. Timing measurements are defined in Figure 5 and made at 50% VDD with 
50 pf load capacitances for all pins, unless otherwise noted. 

PARAMETER SYMBOL MIN NOM MAX UNIT 

Pulse width, ALE HIGH tALPW 45 - - ns 

Muxed address valid time to ALE fall tAs 7.5 - - ns 

Muxed address hold time from ALE fall tAH 20 - - ns 

Read data delay time from RD fall tDDR - - 149 ns 

Read data hold time from RD rise tDHR 0 - 55 ns 

Pulse width, RD LOW tRDPW 200 - - ns 

Write data set up time to WR rise tDsw 70 - - ns 

Write data hold time from WR rise tDHW 10 - - ns 

Pulse width, WR LOW twRPW 100 - - ns 

RD or WR delay time from ALE fall tRWD 25 - - ns 

CS valid time to ALE fall tcss 0 - - ns 

CS hold time from RD or WR rise tcsH 0 - - ns 

ASE valid time to ALE fall tASES 45 - - ns 

ASE hold time from ALE fall tASEH 0 - - ns 
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Motorola Microprocessor Interface Timing 

SSI 32H4631/4632 
Hybrid Servo & Spindle 

Motor Controller 

The following timing specifications are applied when a Motorola bus interface is selected by pulling the 
BUSMODE pin to logical LOW. Timing measurements are defined in Figure 6 and made at 50% VDD with 
50 pF load capacitances for all pins, unless otherwise noted. 

PARAMETER SYMBOL MIN NOM MAX UNIT 

Pulse width, AS HIGH tASPW 45 - - ns 

Muxed address valid time to AS fall tAs 10 - - ns 

Muxed address hold time from AS fall tAH 20 - - ns 

Read data delay time from OS rise tooR - - 180 ns 

Read data hold time from OS fall toHR 0 - 80 ns 

Pulse width, OS HIGH during READ tosPWR 200 - - ns 

Write data setup time to OS fall tosw 70 - - ns 

Write data hold time from DS fall toHW 10 - - ns 

Pulse width, OS HIGH during WRITE tosPww 100 - - ns 

DS delay time from AS fall tASDS 25 - - ns 

R/W delay time from AS fall during WRITE tASRW 25 - - ns 

R/W hold time from OS fall during WRITE tRWH 0 - - ns 

CS valid time to AS fall tcss 0 - - ns 

CS hold time from DS fall tcsH 0 - - ns 

ASE valid time to AS fall tASES 45 - - ns 

ASE hold time from AS fall tASEH 0 - - ns 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32H6110 is a high performance, differential 
amplifier used as a preamplifier for the magnetic servo 
thin-film head in Winchester disk drives. The SSI 
32H6110 is offered in an 8-pin SON package. 

BLOCK DIAGRAM 

vcc 

INPUT1 (+) OUTPUT1 (+) 

INPUT2 (-) OUTPUT2 (-) 

GND 

1191 - rev. 6-75 

FEATURES 

SSI 32H6110 
Differential Amplifier 

November 1991 

• High gain (Av:300) 

• Low noise, 0.85 nV tFz maximum 

• Operates with a +SV power supply 

INPUT 1 (+) 

INPUT2(-) 

SEE NOTE 

GND 

PIN DIAGRAM 

8 N/C 

2 7 vcc 

6 OUTPUT2(-) 

4 5 OUTPUT 1 (+) 

8-Pin SON 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32H6110 
Di!ferential Amplifier 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS- operating above maximum ratings may damage the device 

PARAMETER RATING UNIT 

Power Supply Voltage (VCC) 7 v 
Differential Input Voltage ±1 v 
Storage Temperature Range -65to 150 oc 

Operating Ambient Temperature, Ta 10 to 100 oc 

Operating Junction Temperature, Tj 10to135 oc 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX 

Supply Voltage (VCC) 4.50 5.0 5.50 

Input Signal (Vin) 1.0 

Ambient Temperature +10 +100 

Operating Junction Temperature +10 +135 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 

PARAMETER CONDITIONS MIN NOM MAX 

Gain (Differential) RL= 1200 Vin = 1 mVpp, RL = 1200 225 300 375 
Ta = 25°C, f = 1 MHz 

RL = 1000 Vin = 1 mVpp, RL = 1000 200 250 300 
Ta .. 25°C, f = 1 MHz 

Bandwidth (3 dB) Vin= 1mVpp, CL= 15 pF 10 30 
RL = 1200 

Gain Sensitivity (Supply) Ta= 25°C 4.0 

Gain Sensitivity (Temp.) 15°C <Ta< 55°C --0.16 

Input Noise Voltage Input Referred, Rs = O 0.6 0.85 

Input Capacitance (Differential) Vin = 1 mVpp, f = 5 MHz 35 

Input Resistance (Differential) 200 

Common Mode Rejection Vin= 100mVpp,f=1 MHz 60 
Ratio (Input Referred) 

Power Supply Vin= 100 mVpp, f = 1 MHz 54 
Rejection Ratio (Input Referred) 
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UNIT 

v 
mVpp 

oc 

oc 

UNIT 

mV/mV 

mV/mV 

MHz 

%/V 

o/o/oC 

nVIYHi 

pF 

n 
dB 

dB 
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SSI 32H6110 
Differential Amplifier 

ELECTRICAL CHARACTERISTICS, (Continued) 
Unless otherwise specified, recommended operating conditions apply. 

PARAMETER 

Input Dynamic 
Range (Differential) 

Output Offset 
Voltage (Differential) 

Output Voltage (Common Mode) 

Single Ended Output Capacitance 

Power Supply Current 

Input DC Voltage 

APPLICATION INFORMATION 

Vee 

Cc 

GNO 

CONDITIONS MIN NOM MAX UNIT 

AC input voltage where 5.0 mVpp 
gain falls to 90% of its small 
signal value, f = 5MHz, 
RL = 1200 

Inputs shorted -400 ±50 +400 mV 

Inputs shorted together and VCC-0.56 VCC-0.88 VCC-1.2 v 
Outputs shorted, RL = 1200 

10 pF 

VCC =5V 23 34 mA 

Common Mode 2.0 v 

RECOMMENDED LOAD CONDITIONS 

1. Input is directly coupled to the head. 

2. Cc's are AC coupling capacitors. 

3. RL's are DC bias and termination resistors, 12on 
recommended. 

4. REQ. represents equivalent load resistance. 

5. Ceramic capacitors (0.1 µF) are recommended for 
good power supply noise filtering. 

FIGURE 1: Connection Diagram 
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SSI 32H6110 
Differential Amplifier 

PACKAGE PIN DESIGNATIONS 
(Top View) 

INPUT1 (+) 

INPUT2(-) 

SEE NOTE 

GND 

2 

3 

4 

8 N1C (See Note) 

7 vcc 

6 OUTPUT2(-) 

5 OUTPUT1 (+) 

8-PlnSON 

NOTE : N/C pin must be left open and not connected to any circuit etch. 

ORDERING INFORMATION 

PART DESCRIPTION ORDERING NUMBER 

SSI 32H611 O Differential Amplifier 

8-Pin SON 32H6110-CN 

PACKAGE MARK 

H6110 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

e>1990 Silicon Systems, Inc. 6-78 1191 - rev. 



SSI 32H6210 
Servo Demodulator 

I ij i§ Ii ;,11 if If I •Miji 
December 1991 

DESCRIPTION FEATURES 

The SSI 32H6210 Servo Demodulator is a bipolar 
device intended for use in Winchester disk drives with 
dedicated surface head positioning systems. It proc­
esses a di-bit quadrature pattern read from the servo 
surface by a preamplifier, such as the SSI 32H101 or 
SSI 32H116, and generates normal and quadrature (N 
and Q) position reference signals. These signals pro­
vide the servo controller with position error feedback. A 
complete position control system can be realized with 
the SSI 32H6210 and its companion devices, the 
SSI 32H6220 Servo Controller and SSI 32H6230 
Servo Motor Driver. 

The SSI 32H6210 incorporates an input amplifier with 
automatic gain control and offset cancellation, a phase 
locked loop and sync separator to recover timing 
information, and pulse area detectors to recover the 
position information. External components are used to 
set the operating characteristics of the SSI 32H621 O, 
such as AGC response, VCO center frequency, PLL 
response and sync separator threshold. Its high per­
formance analog/digital circuitry is capable of sup­
porting servo frame rates of up to 400 kHz. 

BLOCK DIAGRAM 

• 

• 

• 

• 
• 
• 
• 
• 
• 

• 

AGND DGND VPA VCC VREF (5.4Y) 

12V 5V 
(ANALOG) (OIGITALJ 

vco 

Servo slgnal demodulation for dedicated sur-
face head positioning systems 

Supports Industry standard di-bit quadrature 
servo pattern with frame rates up to 400 kHz 

N, Q outputs convey track crossing and posl-
tlon error Information 

PLL for timing recovery and synchronization 

Adjustable sync separator threshold 

Auto-zeroing AGC Input amplifier 

AGC reference level adjustment 

Precision bandgap voltage reference output 

Advanced bl polar process dissipates less than 
900 mW (5V, 12V) 

Available In 28-pln PLCC, DIP, SO packages 

PIN DIAGRAM 

VREF 28 THR 

AGND 2 27 1W 

CAZ 3 26 LOCK 

AGCADJ 4 25 Oii'fA 

IN+ 5 24 SYNC 

IN- 6 23 CLO 

N/C 7 22 RVCO 

CPK 8 21 LF 

CAGC 9 20 BP2 

CAD 10 19 BP1 

TAD N 11 18 C1 

a 12 17 C2 

VPA 13 16 DGND 

vcc 14 15 vco 
vco 

28-PIN 
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SSI 32H6210 
Servo Demodulator 

FUNCTIONAL DESCRIPTION 
(Refer to block diagram, and typical application, Fig.2) 

The SSI 32H6210 processes servo position 
information which is read from a dedicated surface by 
a pre-amplifier. The servo information must conform to 
the 'di-bit quadrature' pattern which is illustrated in 
Figure 4. Servo frames, consisting of data and sync 
pulses followed by four information pulses (A, B, C, D) 
are prerecorded along each track of the servo surface. 
All the servo frames on an individual track are identical, 
but in the radial direction four different frame types are 
encountered, with every fourth track being identical. 
The N signal generated by the SSI 32H6210 is 
proportional to the difference in sizes of pulses A and 
B, while the Q signal is proportional to the difference 
between pulses C and D. When the read head is off 
track, the read signal is effectively a linear interpolation 
between the prerecorded information of two adjacent 
tracks, making it possible to sense the head 
displacement exactly. 

The SSI 32H621 O has a differential input amplifier 
which incorporates offset voltage cancellation and 
automatic gain control. An external read preamplifier 
must provide a differential input signal of 23 to 400 mV 
peak to peak from the servo read head. This signal is 
applied to a pulse detector whose output is proportional 
to the area under the input pulse. 

An AGC circuit adjusts the input gain so that the 
maximum pulse detector output is 2V peak. The AGC 
circuit incorporates a peak detector which stores the 
maximum pulse area signal on the external capacitor 
CPK. This signal is compared to an internal amplitude 
reference and the input amplifier gain is adjusted until 
they are equal. The capacitor CAGC determines the 
response time of the gain control circuit. An offset 
cancellation circuit , whose response is set with the 
external capacitor CAz, ensures that the average level 
at the differential amplifier output is zero. 

An AGC adjust (AGCADJ) pin allows the user to adjust 
the AGC reference level. AGCADJ can be driven with 
a potentiometer or a D/A ( a simple Pulse Width 
Modulated signal is usually sufficient.) This pin is left 
open if no AGC adjustment is required. 

All internal analog signals are referenced to a 5.4V 
bandgap reference voltage. This level is available at 
the VREF output, which is capable of supplying 10 mA 
to the rest of the servo path electronics. 

6-80 

In a standard servo frame, the data and sync pulses are 
more closely spaced thanthe information pulses (A-D). 
This allows the sync detect circuit to recover the SYNC 
pulses. A threshold, which is defined as percentage of 
the peak signal at the output of the AGC amplifier, is set 
externally with RTH. Pulses which exceed this thresh­
old are defined as valid pulses. As illustrated in Figure 
6, at the end of the positive going half of a valid pulse, 
a window, whose width is set by Rw and Cw, is opened. 
If a second valid pulse occurs within this window, it is 
recognized as a SYNC pulse. This pulse becomes the 
input signal to a phase locked loop whose VCO clock 
frequency is 32 times the SYNC frequency (servo 
frame rate). The DATA output rises after a missing data 
pulse. The example illustrated in Figure 6 includes the 
case of a missing DATA pulse. The SYNC clock output, 
which marks the start of a new servo frame, is derived 
from the VCO output so that the clock continues to run 
when a data pulse is missing. Absolute positioning 
information such as track O and guardband flags may 
be encoded on the servo surface by the omission of 
data pulses. 

To generate the servo pattern shown in the timing 
diagram, Figure 5, the DATA and SYNC pulses must 
be written to overlap as shown in Figure 7. 

The phase detector compares the detected sync 
pulses with the SYNC output. A current pulse propor­
tional to the phase error is applied to an external loop 
filter network connected to the LF pin, to generate the 
VCO control voltage. If improved power supply rejec­
tion is required, bypassing may be provided at pins 
BP1 and BP2. The VCO center frequency is deter­
mined by the external components Rvco and Cvco. 

A lock detect circuit measures the phase difference 
between the detected sync pulses and the sync output. 
When this difference exceeds half of a VCO clock 
cycle, a pulse of discharge current is applied to CLD. 
Otherwise a pulse of charging current is applied to 
CLD. 

A clamp circuit limits the swing of the CLD pin and also 
insures that a small amount of hysteresis is present. 
When the voltage on CLD falls below the upper clamp 
level by more than the "lock margin," the open collector 
LOCK output transistor is turned on. Likewise, when 
the voltage on CLD rises above the lower clamp level 
by more than the "unlock margin," the LOCK output 
transistor is turned off. 
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FUNCTIONAL DESCRIPTION (Continued) 

Internal timing windows are generated from the recov­
ered SYNC pulse and VCO clock. These windows, 
WA, WB, WC, and WD, in Figure 5, enable the four 
peak detectors to capture the A, B, C and D information 
pulses. The N and Q analog outputs are formed by 
differencing adjacent pulses. These outputs change 
during a servo frame and only become valid after the D 

R1 

SSI 32H6210 
Servo Demodulator 

pulse has been detected. N and Q should be sampled 
by the servo controller on the next falling edge of the 
SYNC output clock. 

An example of an entire servo path implemented with 
the SSI 32H6210 and its companion devices, the 
SSI 32H6220 and SSI 32H6230, is shown in Figure 9. 

12V sv VREF(5.4V) 

AGNO DGN D VPA VCC 
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~r---LJ----1 
PULSE 
AREA 

DETECTOR 

SYNC DETECT 
AND 

TIMING GENERATOR 

12V SV 
(ANALOG) (DIGITAL) 

PHASE LOCKED LOOP 

C1 

BAND GAP 
REFERENCE 

vco 

C2 AVCO 

cvco 

SAMPLE CLOCK } 
TO SERVO CONTROLLER 

SERVO DATA 

FIGURE 2: Typical Application 
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SSI 32H6210 
Servo Demodulator 

PIN DESCRIPTION 

POWER 

NAME TYPE DESCRIPTION 

VREF 0 REFERENCE VOLTAGE - 5.4V output. All analog signals are refer-
enced to this voltage. 

AGND - ANALOG GROUND 

VPA - ANALOG SUPPLY - 12V power supply. 

vcc - DIGITAL SUPPLY - 5V power supply. 

DGND - DIGITAL GROUND 

INPUT AMPLIFIER 

NAME TYPE DESCRIPTION 

CAZ - AUTOZERO CAPACITOR - A capacitor which sets the response of the 
input amplifier offset cancellation circuit should be connected between 
this pin and analog ground. 

IN+ I NON-INVERTING INPUT - AGC input amplifier connection. The non-
inverting output of the differential servo pre-amplifier should be AC 
coupled to this pin. 

IN- I INVERTING INPUT - AGC input amplifier connection. The inverting 
output of the differential servo pre-amplifier should be AC coupled to this 
pin. 

CPK - PEAK HOLD CAPACITOR - A capacitor which is used by the peak 
detector of the AGC circuitry must be connected between this pin and 
analog ground. 

CAGC - AGC CAPACITOR - A capacitor which sets the AGC attack and decay 
times must be connected between this pin and analog ground. 

AGCADJ I AGC Adjust - This pin allows for AGC reference level adjustment. It is 
driven by a potentiometer or DIA. Normally this pin is left open. 

TIMING RECOVERY 

NAME TYPE DESCRIPTION 

vco 0 VCO OUTPUT - TTL compatible digital clock which is 32 times the sync 
frequency (servo frame rate). 

C2,C1 - VCO CAPACITOR - Connection points for a capacitor which sets the 
VCO center frequency in conjunction with an external resistor con-
nected to AVCO. 

BP1,BP2 - PLL BYPASS - Bypass capacitors may be connected between these 
pins and analog ground to provide additional power supply rejection in 
the phase locked loop. 
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SSI 32H6210 
Servo Demodulator 

TIMING RECOVERY (Continued) 

NAME TYPE DESCRIPTION 

LF - PHASE LOCKED LOOP FILTER - An external RC network which sets 
the PLL loop characteristics must be connected between this pin and 
analog ground. 

RVCO - VCO RESISTOR-Connection for a resistor which sets the VCO center 
frequency, in conjunction with the capacitor between pins C1 and C2. 
The resistor must be connected between this pin and the VREF output. 

SYNC 0 SYNC OUTPUT - TTL compatible digital clock whose falling edge 
indicates the presence of valid analog signals on the N and a outputs. 
There is one SYNC cycle per servo frame. 

DATA 0 DAT A OUTPUT -Active low TTL compatible digital output that indicates 
the presence of a data pulse in the servo frame. This signal is updated 
on the falling edge of the SYNC output. 

TW - TIMING WINDOW - A resistor and capacitor must be connected in 
parallel between this pin and analog ground to set a timing window 
which is used in detecting SYNC pulses. 

THR - PULSE THRESHOLD-A resistor which sets a threshold for SYNC and 
DATA pulse detection must be connected between this pin and VCC 
(digital 5V supply). 

CLO - LOCK DETECT CAPACITOR - The value of this capacitor determines 
how quickly the LOCK output responds (1000 pF). 

LOCK 0 LOCK OUTPUT - An open collector output that indicates the lock status 
of the PLL. 

POSITION INFORMATION 

NAME TYPE DESCRIPTION 

CAD - AREA DETECTOR CAPACITOR - A capacitor, which forms an inte-
grator to sense the pulse area of the servo position signals, must be 
connected between this point and analog ground. 

N 0 N OUTPUT - This sampled analog signal is the normal position 
reference output. N is referenced to VREF and is periodic in radial 
displacement, with a period of 4 tracks. 

a 0 Q OUTPUT - This sampled analog signal is the quadrature position 
reference output. a is referenced to VREF and is periodic in radial 
displacement, with a period of 4 tracks. It is 90 degrees out of phase with 
N. 
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SSl32H6210 
Servo Demodulator 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is 
not intended and should be limited to those conditions specified in the DC operating characteristics.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VCCvoltage 0 8 v 
VPAvoltage 0 16 v 
Voltage on PLL inputs -0.5 VCC+0.5 v 
Voltage on other inputs 0 14 v 
Storage Temp. -45 160 oc 
Solder Temp. 10 sec. duration 260 oc 

RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

VP A, analog supply 10.8 12 13.2 v 
Supply noise F<1 MHz 0.1 Vpp 

VCC, digital supply 4.75 5 5.25 v 
Ta, ambient temperature 0 70 oc 
VCO operating range 12.8 MHz 

Load resistance To VREF 10 kn 

Load capacitance 50 pF 

DC CHARACTERISTICS 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

IPA, VPA current 50 mA 

ICC, VCC current 60 mA 

VOH, digital output high llOHl<40µA 2.4 v 
VOL, digital output low llOLl<1.6 mA 0.5 v 
IREF, VREF 
output current capacity 10 mA 

VREF output voltage llREFl<10 mA 5.1 5.4 5.7 v 
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ELECTRICAL SPECIFICATIONS (Continued) 

AC CHARACTERISTICS 

PARAMETER CONDITIONS 

VREF output impedance IOUT = 0-10 mA 
1 µF bypass to AGND 
Frequency<15MHz 

N, Qoutputs 

Output impedance F = 1 MHz 

Voltage per track Referenced to VREF 
23-400 mVpp differential 
AGCADJopen 

Offset voltage 

Output noise 10 Hz<F<1 kHz 

Input ampllfler 

Input resistance 

Input resistance mismatch 

Input capacitance 

PSRR F<0.5MHz 

AGC headroom 

AGC bandwidth Open loop unity gain 
CAGC=0.04 µF 
CPK-1500 pF 

Autozero pole CAz in µF 

AGCADJ 

Open circuit voltage 

Gain 

Volts per track adj range 

Input impedance, RAGc Ta= 25°C 

Temp. coefficient 

SYNC detector 

Timing window Rw in '1, Cw in pF 

Valid pulse threshold RTH in k'1 (%of full scale) 
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TYP MAX UNITS 

12 '1 

100 '1 

2 2.2 v 

20 mV 

-55 dBV 

k'1 

1 % 

20 pF 

dB 

dB 

15 kHz 

220/CAZ Hz 

0.76 0.82 v 
-1.4 -1.2 VN 

2.6 v 
5.5 7 k'1 

2600 ppm/°C 

0.4(Rw • Cw) + 43 • 10·9 s 

0.37/RTH % 
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ELECTRICAL SPECIFICATIONS (Continued) 

AC CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

LOCK Detector 

CLO up current RVCO= 11K± 1% 0.7 3 µA 

CLO down current RVC0=11K±1% 3 10 µA 

CLO lock margin 0.5 1.3 v 
CLO unlock margin 0.5 1.3 v 
CLO hysteresis 75 400 mV 

Phase locked loop 

Capture range Centered on selected fNoM ±5 % 

vco phase shift Missing DATA pulse 0.005 rad/frame 

VCO phase delay Relative to sync 70 ns 
pulse zero crossing 

VCOgain fvco in Hz 10.47 fvco rad/sN 

Phase detector gain 32 uA/rad 

TIMING CHARACTERISTICS 
(Digital output load capacitance Ck15 pF, VCO frequency fvco <12.8 MHz, timing measurements for digital 
signals are measured at 1.3V, unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TDD, data delay 30 ns 

TW, sync pulse width 40 ns 

TSKW, SYNC to VCO skew 0 40 ns 

SYNC fall time 20 ns 

TADS, N orQ 260 ns 
output settling time 

TADH, Nora 0 ns 
output hold time 
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APPLICATIONS INFORMATION 

A typical SSI 32H621 O application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. 

INPUT AMPLIFIER 

The autozero circuit is effectively a high pass filter, 
whose pole frequency is given by: 

fAz- 220 Hz 
CAz( µF) 

With a value of 10 µF for CAZ, the autozero circuit's 
corner frequency will be 22 Hz. This is sufficient for DC 
offset rejection and it will not interfere with the servo 
signal. 

The AGC response may be characterized in terms of 
the open loop unity gain bandwidth of its control loop. 
The nominal value for this loop is set by CAGc as fol-
lows: f 9111- 390 Hz 

CAGC(µf) 

For a nominal bandwidth of 10 kHz, CAGC should be 
0.039 µF. With a 1% capacitor, the variation in actual 
bandwidth will be +/- 50% due to the tolerance of 
internal components. The AGC peak detector capaci­
tor should always be set to 1500 pF. This represents a 
reasonable tradeoff between leakage current toler­
ance and storage aperture time. 

The pulse area detector storage capacitor must be 
chosen to keep the AGC circuit operating within its 
linear range. Its value is related to the VCO frequency 
as follows: 

CAo 620 pF, where fvco is the VCO freq. 
fvco(MHz) 

Larger values for CAD are required with lower VCO 
frequencies in order to maintain constant signal levels 
within the device, since the integration time is in­
creased. 

V AGCADJ ( typ ) 
K=2 VCC (min) 

dv = !:N 
AGCADJGain (max ) 

R AGC ( min ) ( v AGCADJ ( min ) - ) 
R1 K dv 1 

K 
R2=1-K (R1) 
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VariableckltJ R1 AOCADJ RAGC 

:-;.::.: >--'VWv--..--__, 1-'l/WI--, 
lsrNtoVcc) 

FIGURE 3: AGCADJ Input 

for example if:dV = 0.4V, vcc = 5V ± 5%, Ta= 0-70°C 
VREF = 5.4V ± 6% 

then: K = .318, dv = 0.26V, R1 = 20.4k, 
R2 = 9.5k 

The amplitude of N & Q signals can be adjusted using 
the AGCADJ input. If it is desired to adjust the N & Q 
amplitude by± dV volts, the values of R1 and R2 can 
be calculated from K and dv as shown in figure 3. 

When R1 & R2 are calculated, a filter capacitor C is 
calculated from the replication rate of the µP duty cycle 
output. The parallel combination of R 1, R2, RAGc 
minimizes the ripple of VAGc, and yet still provides 
sufficient response time to changes in duty cycle. 

SYNC DETECTOR 

Two sync detector parameters may be adjusted with 
external components. The first is the valid pulse thresh­
old. The threshold is expressed as a percentage of a 
full scale pulse (since the sync detector follows the 
AGC and input amplitude variations are removed). The 
threshold is determined with resistor Rm as follows: 

Threshold= 0·44 • 100(%) 
RrH(k.Q) 

For example, a value of Rm = 1.0 kn sets the valid 
pulse threshold at 44% of full scale. This prevents false 
triggering on noisy signals, but does not unduly shorten 
the sync pulse. 

A timing window is used to detect sync pulses, since 
the sync and data pulses are more closely spaced than 
any other pulses in a valid servo signal. The delay from 
the zero crossing of the data pulse to the leading edge 
of the sync pulse is 1 .5 cycles of the VCO clock. The 
next most closely spaced pulses (which must be re­
jected by the sync detect circuit) are separated by 3 
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APPLICATIONS INFORMATION (Continued) 

SYNC DETECTOR (Continued) 

VCO cycles. Thus the timing window should be set for 
2 cycles of the VCO clock, to allow reliable detection of 
the sync pulse while suppressing false syncs. The 
timing window is determined as follows: 

0.4 ( Rw • Cw) + 43 • 10-9 

The resistor Aw should always be set to 5.6 kn, which 
means that for a 2 cycle window, Cw is given by: 

Cw= 900 F 
fvco(MHz) 19P 

For a 12.8 MHz clock, Cw should be chosen as 51 pF. 

LOCK DETECTOR 

The LOCK detector behavior is controlled by the value 
of CLO. A value too small will be prone to unlock 
prematurely and give false warnings to the system. A 
typical value for CLO is 0.001µF. 

PHASE LOCKED LOOP 

The VCO center frequency is determined by Avco and 
Cvco. Avco should always be set to 11 kn± 1 %. Cvco 
may then be chosen by: 

Cvco=.m-10.6 pF, 
fvco 

where fvco is the desired center frequency in MHz. 

Forfvco = 12.8 MHz, Cvco= 54pF andforfvco =4 MHz, 
Cvco = 200 pF. If 1% tolerance external components 
are used, the VCO absolute frequency accuracy will be 
15%. The VCO output frequency is related to the 
control voltage at the loop filter pin, VLF, as follows: 

fo/fvco = 1 + 1.667(VLF - VBPI) 

This means that the VCO gain, Ko, is given by: 

Ko = 2 • x • fvco(Hz) • 1 .667 radslsN 

The phase detector is a digitally controlled charge 
pump, which injects a current into the loop filter whose 
average value is proportional to the phase error. The 
detector gain, Kd, is fixed at 32 µA/rad. If a loop filter 
consisting of a series resistor and capacitor is used, as 
shown in Figure 2, the phase locked loop becomes a 
second order system with the following transfer 
function: 

phase error (s) = (st ron)2 

input phase 1+ 2• C ·st ron+ (s/ ron)2 

where: 

ron (natural freq.)= V {( Kci• Ko/ ( 32 • CL1 )) rad's 

C(damping factor) = 0.5 • AL• CL1 • ron 

As an example, the values for Cvco, AL and CL are 

fvco = 12.8 MHz, ron I (2 • x) = 4600Hz, C = 0.68 

830 Cvco=- -10.6=54pF 
fvco 

c _ KdKo (32•10e-6)(10.47•fvco) 
L1 - 32•ron2 32(2•x•4600)2 •2µF 
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VREF VREF +2 SERVO DEMODULATOR 
OUTPUT(V) 

SERVO 
I.--- POSITION INFORMATION PULSES -I 
I I 

SIGNAL DATA SYNC I A B c D 1DATA SYNC 

------1 66 I /\ I 6 A 1.A. A. vv v v v Vl/ 
N SERVO I I 

SIGNAL I A B c D I 

--l 6 /\: /\ A. A. I /\ ti 
V1/ v v v: vv 

SERVO I 

SIGNAL I A B c D I I 

a __ f 6~ IA_ A. /\ : /\ ft 
V1J Iv v V: V'9 

SERVO I 

SIGNAL I A B c D 

l 1:1~ :/\ A. A. v: /\ ~ 
\f V :v v Vl/ 

ioO-------- SERVO FRAME --------i 

RADIAL DISPLACEMENT (TRACKS) 

FIGURE 4: Pre-recorded Servo Signal and Servo 
Demodulator Output vs. Radial Displacement 
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• TIME OR ROTATION 
(ALONG TRACK N) 

• TIME OR ROTATION 
(ALONG TRACK N + 1) 

• TIME OR ROTATION 
(ALONG TRACK N + 2) 

. TIME OR ROTATION 
(ALONG TRACK N + 3) 
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D SYNC 

CRclii~ ---t-.i 

VALID PULSE 

Rw, Cw TIMING WINDOW 

INTERNAL SYNC 
DETECTION 

"DATA OUTPITT 

SYNC DETECT 
(DERIVED FROM 

VCOCLOCK) 
~~n~'. ~~~~~-rl--

• I I I 

N,QOITTPITTS ~--ST-A_B_LE--1-1~~ STABLE I 
I I 
I I 
I I 
--------SERVO FRAME--------.. 

FIGURE 6: Sync and DATA Pulse Detection 

27 28 29 30 31 0 2 

VCOCLOCK 

FIGURE 7 : Servo Writer Data-Sync Pulse Generation 
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PACKAGE PIN DESIGNATIONS CAUTION: Use handling procedures necessary 

(Top View) for a static sensitive component 

VREF 28 THR 

AGND 2 27 TW 
.., 
c 
(§ c u. lo: 

CAZ. 3 26 LOCK ~ 
z w a: 

~ 
0 

<!> <!> a: J: 9 
DATA < < > I-

AGCADJ 4 25 

IN+ 5 24 SYNC 
IN+ J:5A'i'A 

IN- 6 23 CLO 
IN- 24 SYNC 

N/C 7 22 RVCO 
N/C 23 CLO 

CPK 8 21 LF 
CPK 22 RVCO 

CAGC 9 20 BP2 
CAGC 21 LF 

CAD 10 19 BP1 
CAD 20 BP2 

N 11 18 C1 
N 19 BP1 

Q 12 17 C2 13 14 15 16 17 18 

VPA 13 16 DGND 
0 < 0 8 c N 0 vcc 14 15 vco a.. 0 z 0 

> > > <!> c 

28-Pln DIP,SOL 28-Pln PLCC 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 32H6210 

28-Pin DIP 32H6210-CP 32H6210-CP 

28-LeadSOL 32H6210-CL 32H6210-CL 

28-Lead PLCC 32H6210-CH 32H6210-CH 
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DESCRIPTION 

The SSI 32H6220 Servo Controller is a CMOS device 
intended for use in Winchester disk drive head posi­
tioning systems. When used in conjunction with a 
position reference, such as the SSI 32H567 Servo 
Demodulator, and a motor driver, such as the SSI 
32H569 or the SSI 32H6230 Servo Motor Driver, the 
device allows the construction of a high performance, 
dedicated surface, head positioning system which op­
erates under microprocessor control. 

The SSI 32H6220 generates position and track cross­
ing information from standard normal and quadrature 
position signals, derived from a dedicated servo sur­
face. In its seek mode the controller drives the actual 
head velocity towards a programmed target value, 
while in its track mode, it keeps the head centered on 
a track. 

(Continued) 

SSI 32H6220 
Servo Controller 

1;1411;.11;mu.mm 
December 1991 

FEATURES 

• Servo control for Winchester disk drives with 
dedicated surface head positioning systems 

• Accepts standard normal and quadrature posl-
tlon Information 

• 500 kHz maximum servo frame rate 

• Microprocessor bus Interface compatible with 
16 MHz8051 

• Seek and track modes 

• Separate position and velocity error outputs 

• Programmable velocity profile and loop gains 

• Internal offset cancellation capability 

• Track crossing output clock 

• Low power CMOS design 

• Available In a 44-pin PLCC package 

BLOCK DIAGRAM 
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DESCRIPTION (Continued) 

Internal status and control registers allow a micropro­
cessor to select operating modes, monitor track infor­
mation and establish velocity targets. Digital outputs 
are available to monitor track crossings and head 
position accuracy.The microprocessor bus interface is 
optimized for use with multiplexed address/data bus 
microprocessors such as Intel's 8051, operating at up 
to 16 MHz. 

The SSI 32H6220 is a low power, CMOS device and is 
available in a 44-pin PLCC package. 

FUNCTIONAL DESCRIPTION 

The SSI 32H6220 receives position information from a 
servo demodulator through the analog inputs N and O, 
which are sampled on the falling edge of SYNC. 
FSYNC, the maximum SYNC frequency (which is the 
servo frame rate) is 500 kHz. The position processor 
compares the analog N signal with both O and -0, to 
generate the digital signals NO and NO. Since the N 
and 0 signals have a period of four tracks, NO and NO 
provide additional information over which track the 
head is positioned. Figure 6 shows the behavior of 
various position signals as radial displacement 
changes. 

The 32H6220 is compatible with both hardware and 
software track counting techniques. The software 
track counter interface is bits NO, NO, and TRKCS in 
the STATUS register. TRKCS can be programmed to 
pulse on each track crossing or on alternate track 
crossings. NO and NO provide information useful to 
"debounce" the ~KCS bit. Internal timing hysterisis 
prevents NQ, NQ, and TRKCS from changing on 
successive frames. The hardware interface is TRKCK, 
an output clock intended to drive a hardware counter 
such as is available in the Intel 8051 family. TRKCK is 
a single frame pulse that occurs whenever a track 
boundary is crossed. During seek mode, TRKCK has 
one full track of hysteresis to prevent false counting. In 
track mode, hysteresis is removed. 

The SSI 32H6220 has two modes of operation, track 
and seek, which are selected under microprocessor 
control. In the track mode, the control loop drives the 
position error signal to zero. In the seek mode, the loop 
attempts to match the head velocity to a velocity target 
programmed through the microprocessor interface. 

6-96 

In track mode, the head position error signal is summed 
with an 8-bit programmable offset signal which may be 
used to null out circuit offsets or to permit reading of off­
track data. This adjusted position error signal is avail­
able on pin FP1 . A lowpass filter with a corner fre­
quency above 0.1 • FSYNC provides a small amount of 
smoothing. A position loop filter may be constructed 
from external RC components and amplifier A1. 
Switch S 1 , controlled by the OUM P bit, is used to keep 
the feedback capacitor in the position loop filter dis­
charged while the controller is in seek mode. The 
output of A1 is the position error signal (PE) which 
should be connected to the servo motor driver circuitry. 
The adjusted position error (FP1) is also applied to a 
window comparator with programmable limits that pro­
vide a digital indication of whether the head is on track 
or not. In systems employing the SSI 32H569 or the 
SSI 32H6230, PE should be summed in to the ERR- pin 
through an input resistor. 

In seek mode, the position error is differentiated by a 
switched capacitor differencer, to produce a velocity 
estimate. The differencer does not sample the position 
error immediately after the discontinuity that occurs 
when a track boundary is crossed. This prevents the 
discontinuity from disturbing the differentiator output. 
The velocity estimate is applied to a velocity loop filter 
consisting of external RC components and amplifier 
A3. A signal proportional to motor current may also be 
summed in at A3 to provide a better velocity estimate 
during rapid acceleration. A velocity error term is 
computed as the difference between the velocity target 
and the actual head velocity. The velocity target is 
generated by a DAC from the digital word stored in the 
TARGET register. The output of the velocity loop filter 
(pin FV4) is proportionalto the actual head velocity and 
is scaled by a 4-bit programmable velocity gain before 
being subtracted from the velocity target. Also, a fill 
signal which is generated by multiplying the position 
error by a 4-bit programmable fill gain is subtracted 
from the velocity error. The fill signal compensates for 
the 8-bit quantization of the velocity target signal, which 
becomes a factor as the head velocity approaches 
zero. As the head nears the destination track at the end 
of a seek operation, the target velocity is zero, so if a fill 
term which is proportional to position error is sub­
tracted from the velocity error term, the velocity loop 
will cause the head to come to rest at the center of the 
track. Without this additional fill signal, the velocity loop 
would not necessarily center the head in the destina­
tion track. The velocity error signal is buffered by A2 
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which drives the VE pin. The separate error outputs, 
PE and VE, allow for independent adjustment of the 
track and seek loop gains by specifying different values 
for RINP and RINV. 

The actual velocity profile of the head is determined by 
the values written to the target velocity DAC. Typically, 
a new velocity target is written at each track crossing. 
An automatic update feature (enabled when UP­
DATE= 1 ) causes the next velocity target to be loaded 
from a holding register when a track crossing occurs, 
so that the microprocessor does not have to perform 
this time-critical operation. 

The 32H6220 is capable of interactively nulling out 
offsets at FP1, PE, and VE. The basic technique is to 

YEl...OCITYLOOPALTER 

SSI 32H6220 
Servo Controller 

use the low offset ERR comparator (enable with the 
ERREN bit and visible on the SGN bit) to monitor the 
offset and then adjust an appropriate DAC value. 
Offset at FP1 is nulled with the NOS DAC, offset at PE 
is nulled with the TARGET DAC, and offset at VE is 
nulled with either NOS or TARGET. 

The SSI 32H6220 has 8 registers, described in "Reg­
ister Description," which are accessed through a mi­
croprocessor interface optimized for multiplexed ad­
dress/data bus processors. A 3-bit register address is 
latched from the bus on the falling edge of ALE (ad­
dress latch enable) and a bus cycle occurs if CS (chip 
select) and either RD (read strobe) or WR (write strobe) 
are asserted. An open drain interrupt line (INT) may be 
used to cause a microprocessor interrupt when a track 
crossing occurs. 

RP2 .... .... 
t-----------'\~--..-+ ~=i 

EASON 

- ('""'" 
(SGN) 

""""'"'"' DEMOOU.AlOR 

L__ __ .JV-----y 

RINV RX -

]=•ms 
MICROPROCESSOR 

. ....... 
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PIN DESCRIPTION 

POWER 

NAME 44-pln TYPE 
PLCC 

RBIAS 16 I 

VREF 17 I 

AGND 19 

DGND 27 

VDD 28 

VPD 43 

VPA 44 

DESCRIPTION 

BIAS INPUT -This input sets the internal opamp bias currents. A 20 kn 
1 % resistor should be connected between RBIAS and AGND. 

REFERENCE VOLT AGE-5.4V input which is used as the DC reference 
level for all analog signals. (This level is available as an output from the 
SSI 32H567). 

ANALOG GROUND 

DIGITAL GROUND 

DIGITAL 5V SUPPLY - 5 volt supply for the microprocessor interface 
circuitry. 

DIGIT AL 12V SUPPLY - 12 volt supply for the switched capacitor filter 
clocks. 

ANALOG 12V SUPPLY - 12 volt supply for all analog circuitry. 

POSITION REFERENCE INTERFACE 

Q 14 I QUADRATURE INPUT- Analog position signal from servo 
demodulator. 

N 15 I NORMAL INPUT - Analog position signal from servo demodulator (90 
degrees or 1 track out of phase with Q signal). 

SYNC 40 I SYNC INPUT - The falling edge of this clock causes the analog 
information on the N, Q inputs to be sampled. There is one SYNC pulse 
per servo frame and the maximum rate is 500 kHz. This signal is 
generated by the SSI 32H567. If it is not necessary to synchronize to 
N and Q samples, and FRFMT is set, SYNC should be grounded. In this 
case, FSYNC will be internally generated as FCLOCK/32. 

CLOCK 41 I CLOCK INPUT - This clock must be either 32 or 72 times the rate of the 
SYNC clock (selected by the FRFMT bit in STATUS register). It is 
usually supplied by the VCO output of the servo demodulator 
(e.g., SSI 32H567). 

TRKCK 33 0 TRACK CROSSING CLOCK - This output drives external hardware 
track counters and is compatible with the counter function available in 
the Intel 8251 family of microcontrollers. It is normally low and pulses 
high one cycle per track. 

TRKCKA 20 0 TRACK CROSSING A - This output is derived from TRKCK, it toggles 
on the rising edges of TRKCK. 

TRKCKB 25 0 TRACK CROSSING B - This output is derived from TRKCK, it toggles 
on the falling edges of TRKCK. 
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MICROPROCESSOR INTERFACE 

cs 21 I CHIP SELECT - Active low signal enables device to respond to 
microprocessor read or write. 

ALE 22 I ADDRESS LATCH ENABLE - Falling edge latches register address 
from pins ADO-AD2. 

RD 23 I READ STROBE - Active low signal causes the contents of th~d-
dressed register to be placed on the address/data bus (AD0-7) if CS is 
also active. 

WR 24 I WRITE STROBE - Active low signal causes the data on the address/ 
data bus to be written to the addressed register if CS is also active. 

INT 29 0 INTERRUPT - This active low open drain output is asserted when a 
track crossing is detected. It is released when the internal track crossing 
status bit (TRKCS) is read by the microprocessor. 

TIS 30 0 TRACK/SEEK - This output reflects the state of the TIS bit in the 
STATUS register. It is high when the device is in track mode and low 
when it is in seek mode. 

AD7 31-32 1/0 ADDRESS/DATA BUS - 8-bit bus which carries register address 
-ADO 34-39 information and bi-directional data. 

RESET 42 I RESET - This active low input is used to force all the internal registers 
to their reset condition. 

OFFTRK 26 0 OFFTRACK - This open drain output is asserted whenever the head 
position is outside the window specified by NW. It is always asserted 
in seek mode. 

CONTROL LOOP 

FV4 1 0 VELOCITY FIL TEA OUTPUT - This is the output of amplifier A3 which 
forms part of the velocity loop filter. This signal is internally amplified and 
compared to the target velocity. 

FV2 4 I VELOCITY FIL TEA INPUT - Direct connection to the inverting input of 
amplifier A3. 

FV1 7 0 ESTIMATED VELOCITY OUTPUT - Output of the position error differ-
entiating high pass filter. 

VE 9 0 VELOCITY ERROR - This signal should be summed in to the servo 
motor driver circuitry. In systems using the SSI 32H569 or the SSI 
32H6230 servo driver, VE is connected to the ERR- pin through a 
resistor. 

SW1, 2 3 UNCOMMITTED SWITCH - This switch can be used to reset a notch 
SW2 filter during seek mode. The switch is controlled by the SW bit in the 

status word. 

SK1, 5 6 UNCOMMITTED SEEK SWITCH - This switch is on during seek 
SK2 operations. 
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SSI 32H6220 
Servo Controller 

CONTROL LOOP (Continued) 

NAME 44-pln TYPE 
PLCC 

FP4 11 0 

PE 10 0 

FP2 12 I 

FP1 13 0 

DESCRIPTION 

POSITION FIL TEA CAPACITOR • The external position loop filter 
feedback capacitor should be connected between this pin and PE. 
When the DUMP bit in register WINDOW is set, an internal switch (S1) 
shorts PE to FP4. This allows the external capacitor to be kept 
discham_ed duril'lg_ seek mode. 

POSITION ERROR OUTPUT -Ou~ o!Q_osition lo~filterallJQlifier A 1. 

POSITION FIL TEA INPUT - lnverti~ i~t to ~am.£_ A1. 

POSITION ERROR OUTPUT - Offset-corrected output of the position 
processing circuitry, which is proportional to the radial displacement of 
the head from the center of the current track. 

The actual transfer function from N, Q to FP1 is: 

3 sin(roT/2) 
where: T =1 /FSYNC H(z)=--

roT/2 2z-1 
sT 

Z=e 

This transfer function exhibits a high frequency roll off with a 3 dB point at f = 0.11 FSYNC. 

Unused pins on PLCC package: 8, 18 

REGISTER DESCRIPTION 

The SSI 32H6220 has 8 internal registers which contain status, control and loop parameter information. A three 
bit register address is latched from inputs ADO-AD2 on the falling edge of ALE. The corresponding register is 
accessed if CS is then asserted, with the direction of access being determined by RD or WR. The registers are 
summarized in Figure 3. 

REGISTER ADDRESS ACCESS D7 D6 l D5 D4 

1 
D3 D2 l D1 l DO 

GAIN 0 READ/ NFG NVG WRrTE 

TARGET 1 READ/ TARGET VELOCITY WRrTE 

NEXT 2 READ/ NEXT TARGET VELOCITY WRrTE 

VELCON 3 READ/ UNUSED ND UPDATE I ENA I VELPOL WRrTE 

WINDOW 4 READ/ CAL UNUSED l DUMP TiS l ERREN NW WRrTE 

STATUS 5 AS NOTED SGN SW I CSMOD FRFMT I ONTRK NO I Nti I TRKCS 
(READ ONLY) (READ.WRITE) (READ/NRITE) (READ.WAITE) (READ ONLY) (READ ONLY) (READ ONLY) (READ ONLY) 

OFFSET 6 READ/ sos NOS WRrTE 

RESET 7 WRrTEONLV RESET (ANY VALUE) 

FIGURE 3: SSI 32H6220 Register Map 
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REGISTER DESCRIPTION (Continued) 

GAIN Address o Read/Write 

SSI 32H6220 
Servo Controller 

GAIN SETIINGS - Used to set the velocity gain and fill gain. These settings are only significant in the 
seek mode. 

BIT NAME DESCRIPTION 

3-0 NVG0-3 VELOCITY GAIN - 4-bit quantity which sets the gain applied to the velocity 
s_ig_nal at the ou!Q!.Jt of ~am_p A3. 

7-4 NFG0-3 FILL GAIN - 4-bit quantity which sets the gain applied to the position error 
which is added to the velocity signal. 

If NVG and NFG are represented as integers ranging from Oto 15, then for a zero velocity target, the VE 
output is given by: 

VE-VREF= NVG(FV4-VREF)+ NFG(FP1-VREF) 
15 255 

TARGET Address 1 Read/Write 

CURRENT VELOCITY TARGET - This register selects the 8-bit velocity target which is subtracted from 
the actual velocity to yield velocity error in seek mode. The sign of the velocity target is determined by the 
VELPOL bit in registerVELCON. If TARGET is represented as an integer from Oto 255, then the voltage 
at the output of the velocity target DAC, VT, is given by: 

VT =VREF ( 1-T~ET )· VELPOL=O 

VREF ( 1 + T~ET )· VELPOL=1 

The SSI 32H6220 has an update feature which allows this register to be loaded automatically with the 
contents of the next target register when a track crossing occurs. The target register may also be written 
directly by the microprocessor to cause an immediate change in target velocity. 

NEXT Address 2 Read/Write 

NEXT TARGET VELOCITY - This register contains an 8-bit value that will be loaded automatically into 
the velocity target register when a track crossing occurs, if the UPDATE bit in VELCON is set. This register 
is unused if UPDATE is cleared. 
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SSI 32H6220 
Servo Controller 

REGISTER DESCRIPTION (Continued) 

VELCON Address 3 Read/Write 

BIT NAME DESCRIPTION 

0 VELPOL VELOCITY TARGET POLARITY - If this bit is set, the velocity target will 
be positive (with respect to VREF) and H it is reset, the velocity target will 
ben~ative. 

1 ENA ENABLE VELOCITY TARGET DAC - If ENA is set, the velocity target 
DAC will be enabled and H it is cleared the output of the DAC will be 
clam~ed to VREF. 

2 UPDATE UPDATE MODE SELECT - When this bit is set, the contents of the 
NEXT register will be transferred to TARGET automatically when a track 
crossing occurs. If it is cleared, new velocity targets must be written 
directly to the TARGET register by the microprocessor. 

3-4 NDO-ND1 DIFFERENTIATOR CHARACTERISTIC SELECT - These bits select the 
characteristic of the differentiator high pass filter as follows: 

H(s) = .....:G.... W=...1- (1 +.JiO.) rad/s 

1 + .w 2T 1.75 
s G=8.2 

Where Tis the period of the SYNC clock input in seconds, sis the complex 
frequency variable in radians/second and ND is an integer from Oto 3. For 
S«W the high pass filter H(s) acts like a differentiator. For a SYNC rate of 
500 kHz, the corner frequency W will be: 

ND.Lll:IDil ':1:1.l2x (~l:lzl 
00 39.8 
01 62.5 
10 85.3 
11 108 

The actual transfer function from N, Q, to FV1 is: 

H(z) = 
7G(z-1) sin( roT/2) 

where: T =1/FSYNC 
z[7(z-1) +(3.5+ 2ND) z] roT/2 

sT 
Z=e 

This transfer function is approximated throughout this data sheet with the 
aboves domain approximation which is accurate to 0.5 db for 
k .05 • FSYNC. 

5-7 unused 
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SSI 32H6220 
Servo Controller 

REGISTER DESCRIPTION (Continued) 

WINDOW Address 4 Read/Write 

WINDOW CONTROL - This register is used to program the on-track window comparator and also 
contains several control bits. 

BIT NAME DESCRIPTION 

0-2 NWO-NW2 WINDOW SELECT BITS - This 3 bit word selects the window comparator 
threshold voltage. The on track indicator bit will be true as long as: 

I FP1 - VREF I < VREF[(1 + NW)/32] 

where NW is an integer from 0 to 7. 

3 ERR EN ERROR ENABLE - When set, this bit enables the offset comparator and 
causes SGN to be its output. When reset, SGN is the lower side of the 
window COllJ>.arator. 

4 TIS TRACK/SEEK MODE SELECT - When this bit is set, track mode is selected 
and when it is reset, seek mode is selected. 

5 DUMP POSITION LOOP FIL TEA OUM P CONTROL - When this bit is set, pins PE 
and FP4 are switched together internally by S1. This causes the external 
position loop filter feedback capacitor to be discharged. 

6 unused 

7 CAL CALIBRATION MODE - When this bit is reset, the N and Q inputs are 
connected to the position processor and normal operation occurs. When 
CAL is set, the processor inputs are connected to VREF, causing the FP1 
output to reflect the offset voltage errors in the position sensing path. 

STATUS Address 5 Read/Write access as noted 

STATUS REGISTER - Contains track status information and several control bits. 

BIT NAME DESCRIPTION 

0 TRKCS TRACK CROSSING INDICATOR - The function of TRKCS is determined by 
the CSMOD bit in this register. When CSMOD is set, TRKCS will be set every 
time NO or NO change state (i.e., on every track crossing). When CSMOD 
is reset, TRKCS will be set every time NO changes state (i.e., on alternate 
track crossings). TRKCS is reset when STATUS is read by the microproces-
sor. The INT interrupt output is the inverse of TRKCS. (TRKCS is read only.) 

1 NO TRACK QUADRANT - This bit is set when: 
N-VREF > VREF-Q 
and reset otherwise.J.NO is read onM_ 

2 NO TRACK QUADRANT - This bit is set when: 
N-VREF > Q-VREF 
and reset otherwise. (NO is read only) 
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Servo Controller 

REGISTER DESCRIPTION (Continued) 

BIT NAME DESCRIPTION 

3 ONTRK ON TRACK INDICATOR-This bit is set when the voltage on pin FP1 is within 
the window selected by the WINDOW register. It is reset otherwise (ONTRK 
is read only). 

4 FRFMT FRAME FORMAT - Used to indicate the relationship between CLOCK and 
SYNC. If this bit is set, the VCO clock rate must be 32 times the SYNC clock 
rate. If it is reset, the VCO clock rate must be 72 times the SYNC clock rate. 

J.FRFMT is read/writ'!}_. 

5 CSMOD CROSSING INDICATOR MODE - If this bit is reset, TRKCS will be set on 
alternate track crossings. If it is set, TRKCS will be set on every track 
crossing. (CSMOD is read/write). 

6 SW SWITCH -This bit controls the SW switch. This uncommitted switch can be 
used to initialize a notch filter in the servo loop. (SW is read/write). 

7 SGN VOLT AGE SIGN - This bit indicates whether the head position is above or 
below the lower edge of the track window. If used with the ONTRK bit, it 
allows the microcontrollerto divide a track into three regions and make more 
informed decisions about overshoot and undershoot. When ERREN is set, 
SGN is the output of the error comparator. (SGN is read only). 

OFFSET Address 6 Read/Write 

OFFSET VOLTAGE REGISTER - The 8-bit value in this register drives the offset DAC which adds a 
correcting voltage to the position error signal. 

BIT NAME DESCRIPTION 

0-6 NOSO-NOS6 OFFSET MAGNITUDE 

7 sos OFFSET SIGN 

The offset correction voltage, VOS, is given by: 

VOS= - 0.89 (liQS) V , SOS=O 
127 

o.89 (liQS) v , sos-1 
127 

RESET Address 7 Write only 

RESET REGISTER - When any value is w(itten to this register, all writeable register bits in the 
SSI 32H6220 are reset. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

55132H6220 
Servo Controller 

(Maximum limits indicate where permanent device damage occurs. Continous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VPA 0 14 v 
Voltage on any pin 0 VPA+0.1V v 
Storage Temp. -45 165 oc 
Solder Tem...e: 1 O sec du ration 260 oc 

RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 

VPA, VPD 10.8 13.2 v 
··-··--

VDD 4.5 5.5 v 
VREF 5.1 5.4 5.7 v 
Operating temp. 0 70 oc 
RBIAS, bias resistor to AGND 22.3 22.6 22.9 kn 

Resistive loading About VREF 5 kn 
(FP1, FV1, PE, FV4, VE) 

Capacitive loading 40 pF 
(FP1, FV1, PE, FV4, VE) 

DC CHARACTERISTICS 

IVP Total VPA and VPD current 40 mA 

IDD VDD current 10 mA 

IREF VREF current 3 mA 

DIGITAL 1/0 

Digital Inputs 

VIH lllHI < 10µA 2 v 
VIL (Except Reset) lllLI < 10µA 0.7 v 
VIL Reset Pin lllLI < 100µA 0.7 v 
Digital Outputs (ADO-AD?, T/S) 

VOH llOHI <40µA 2.4 v 
VOL llOLI < 1.6mA 0.4 v 
Open Drain Dlgltal Outputs (INT, OFFTRK) 

VOL llOLI < 1.6mA 0.4 v 
Off leakage VOH =VPD 10 µA 
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SSI 32H6220 
Servo Controller 

MICROPROCESSOR INTERFACE TIMING (see figure 4(a) and figure 4(b)). (Timing measurements for 
digital signals are measured at 1.3V, unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TLHLL ALE pulse width 45 ns 

TAVLL Address setup time 8 ns 

TL LAX Address hold time 20 ns 

TRLVD RD to data valid 145 ns 

TRHDX data hold time after RD 0 50 ns 

TRLRH RD pulse width 200 ns 

TLLWL ALE to RD or WR 25 ns 

TRLCL RD or WR to CS low 20 ns 

TRHCH RD or WR to cs high 10 ns 

TWLWH WR pulse width 100 ns 

TOVWH data set up to WR high 70 ns 

TWHQX data hold after WR high 10 ns 

ANALOG 1/0 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

N, Q Inputs 

Input resistance 50 kn 

Input capacitance 25 pF 

Offset voltage -15 15 mV 

N, Q Timing (see figure 5) 

1-9 VCO input frequency 4 16 MHz 

TSYH SYNC hold time 0 ns 

TSYS SYNC setup time 34 ns 

Ne VCO/SYNC FRFMT=1 32 32 

frequency ratio FRFMT=O 72 72 

TADS N or Q analog setup time 400 ns 

TADH N or a analog hold time 180 ns 
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ALE 
~LL--fo--TLLWL -

ADO.. 
AD7---< 

RD 

cs 

ALE 

ADO­
AD7 

TAVLL TLLAX 

ADDRESS DATA 

!---TRLVD__. i---. TRHDX 

i---TRLRH ---.i 
TRLCL 1---1 j.-+ TRHCH 

FIGURE 4(a): Read Cycle Timing 

TAVLL 

ADDRESS DATA 

---o--TWHOX 

TAHCH 

FIGURE 4(b): Write Cycle Timing 

TADS-------1~ 

FIGURE 5: Analog Timing 
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ANALOG 1/0 (Continued) 

PARAMETER 

FP2, FV2 Inputs 

Input resistance 

Input capacitance 

Offset voltage 

Analog Outputs 

Output impedance 

Output swing (FP1, FV1) 

OutQ_ut swing_iPE, FV41_ 

Output swing (VE) 

Gain (FP1 from N or Q) 

Gain (Amplifier A 1, A3) 

Gain (Amplifier A2) 

Unity gain bandwidth 
(Amplifier A1, A3) 

Unity gain bandwidth 
(Amplifier A2) 

WINDOW COMPARATOR 

PARAMETER 

Threshold step size accuracy 

FILL GAIN 

PARAMETER 

Maximum gain 

Gain step size 

ANALOG SWITCHES 

PARAMETER 

S1 

SW 

SK 

S2 

CONDITIONS MIN 

AboutVREF 100 

-15 

1vo-VREFI < 3V 

About VREF 4 

About VREF 3.5 

About VREF 3.7 

9.35 

Open loop DC gain 60 

Open loop 1 

Open loop 

CONDITIONS MIN 

Nominal=VREF/32 -30 

CONDITIONS MIN 

NFG=15 57 

3 

CONDITIONS MIN 

PE::>VREF 

SW2:;; VREF 

SK1:;; VREF 

FP1:;; VREF 

6-108 

TYP MAX UNITS 

kn 

20 pF 

15 mv 

20 n 
v 

v 

v 

9.55 9.75 dB 

dB 

0 dB 

MHz 

-·· 

.5 MHz 

TYP MAX UNITS 

30 % 

TYP MAX UNITS 

58 60 mV/V 

4 5 mV/V 

TYP MAX UNITS 

200 n 
200 n 
200 n 
1500 n 
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VELOCITY GAIN 

PARAMETER CONDITIONS MIN 

Maximum _g_ain NVG=15 .97 

Gain step size 48 

TARGET VELOCITY DAC 

PARAMETER CONDITIONS MIN 

Full scale - VREF VELPOL=1 72 

VELPOL=O -72 

Step size 0.16 

Offset Match TARGET=O 0 
(VELPOL=1)- (VELPOL=O) 

OFFSET CORRECTION DAC 

PARAMETER CONDITIONS MIN 

Full scale - VREF NOS=127, SOS=1 15 

NOS=127, SOS=O 15 

Step size 0.08 

DIFFERENTIATOR 

PARAMETER CONDITIONS MIN 

High pass gain (N,Q TO FV1) FIN/FSYNC = 0.02, 

ND=O 5.45 

ND= 1 1.7 

ND=2 -.9 

ND=3 -2.9 
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TVP MAX UNITS 

1 1.03 VN 

67 82 mVN 

TVP MAX UNITS 

75 78 %VREF 

-75 -78 %VREF 

0.29 0.50 %VREF 

35 mV 

TVP MAX UNITS 

16 18 %VREF 

16 18 %VREF 

0.13 0.18 %VREF 

TVP MAX UNITS 

5.85 6.25 db 

2.1 2.5 db 

-.5 -.1 db 

-2.5 -2.1 db 
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SSl32H6220 
Servo Controller 

APPLICATIONS INFORMATION 

In the examples shown in Figures 7a & 7b, the SSI 
32H6220 is used with its companion devices, the SSI 
32H567 and SSI 32H569 or SSI 32H6230, as well as 
a microprocessor and some external components, to 
implement a complete head positioning system. 

Position Reference 

The position feedback signal for the servo loop is 
generated by a servo demodulator from information 
prerecorded on the disk drive's servo surface. The 
SSI 32H567 provides quadrature position signals (N 
and 0), recovered clocks (SYNC and VCO) and an 
analog reference level (VREF) for the rest of the 
system. The SSI 32H567 translates the radial dis­
placement of the servo read head to a voltage with a 
gain of 2 volts/track. The SSI 32H6220 has a front end 

INPlJTFROM 
SERVO DEMODULATOR (V) 

VREF +2 

VREF +2 

gain of 3, so the gain from actual position error to the 
voltage at pin FP1 (the input to the position loop filter) 
is 6 volts/track. 

In order to produce the position error signal illustrated 
in figure 6, the position processor in the SSI 32H6220 
selects either N, a or an inverted signal, based on the 
value of the digital signals NO and NO. The resulting 
error signal is zero (equal to VREF) when the head is 
perfectly centered on a track. The error signal has a 
maximum absolute value in the vicinity of a track 
boundary (i.e., when the head is displaced one half 
track from a track center) and has a polarity that 
indicates the direction of the position error. 

I 
I I I I 

VREF +3 

POSITION 
ERROR 
SIGNAL 
ATFPl(V) 

VREF -3 

TRACK N TRACK N+1 j TRACK N-+21 TRACK N+31 

I I I 

~ 1--:----1 ~ 
N>O(NO)~ : ~ 

N>-O(N"Ci) 

TRKCS 
(CSMOD-0) 

TRKCK 

I I FALLING EDGE 
I I I I J....-CAUSED BY 
~ REGISTERACCESS 

I 1 1 1 1 PULSE WIDTH IS 
~1/FSYNC 

FIGURE 6: Position Signal Waveforms 
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FIGURE 7: Complete Example of Servo Path Electronics Using SSI 32H567/6220/6230 Chip Set 
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SSI 32H6220 
Servo Controller 

Servo Motor and Driver 

For the purposes of illustration, the following simple 
model for the servo motor in Figure 7 is assumed. 

Definition of terms: 
im Armature current (A) 
ro Motor speed (rad/s) 
JO Rotor moment of inertia (kg • 1112) 
Km Torque constant (Nm/A) 
e Motor back EMF (V) 
Lm Winding inductance (H) 
Rm Winding resistance (Ohm) 
Ke Motor voltage constant (V/rad/s) 
Numerically, Ke and Km are equal. 

Under the assumption that the electrical and mechani­
cal poles of the motor above are widely separated (Rm/ 
Lm » JJ • Rm/Km2), the servo driver loop compen­
sation components, RL2 and CL3, may be chosen to 
cancel the effect of Lm, as follows: 

CLs = 68 Rs ' RL2- lm 
2nRF ( Rm+Rs) BW CLs( Rm+Rs) 

where BW is the desired servo driver open loop band­
width (Hz). This results in the following relationship 
between motor current (im) and error voltage at the 
servo controller output (EOUT). 

_i_m_ ( )= -RF 
EOUT s ( s ) 4 Rin Rs 1 +---

2 nB W 

Where Rin is either Rinp or Rinv depending whether 
you're in seek or track modes. 

This simple first order approximation of the servo motor 
behaviour neglects effects such as resonance due to 
the motor inductance, Lm, or the pole due to servo 
driver transconductance. However, it is sufficient to 
illustrate the design goals for the velocity and position 
loop filters that are required with the SSI 32H6220. A 
more detailed description of the SSI 32H569 may be 
found in the SSI 32H569 data sheet. 

TRACK MODE 

Loop Compensation 

Track mode is engaged when the head has reached its 
destination and the current position must be main­
tained. The control objective is to drive the position 
error signal at FP1 to zero and minimize excursions of 
the head due to noise and other perturbations of the 
system. The transfer function of the complete servo 
loop in track mode is shown in figure 8(a), using the 
servo motor model derived above. The gain G1 is the 
combined effect of the SSI 32H567 and the front end 
gain of the SSI 32H6220, and has a nominal value of 
6 volts/track. The gain G2 is a property of the head 
transport system, and has units of tracks/radian for 
rotary servo motors and tracks/meter for linear motors. 
(The nomenclature chosen for the motor model is that 
of rotary motors but the results are applicable to linear 
motors aswell, if appropriate units are substituted). To 
ensure that the control loop has negative feedback, 
positive motor current (as indicated in Figure 7) must 
result in negative motor acceleration. This inversion is 
accomplished in the prerecorded servo pattern and is 
accounted for in the transfer function by showing G2 to 
be negative. 

Since the servo driver/motor combination has a double 
pole at the origin and an additional real pole at fre­
quency BW (which is selectable with external compo­
nents in the SSI 32H569), the position loop filter is 
essential to ensure a stable system. The effect of the 
position filter used in this example is to provide lag-lead 
compensation. Systems of this type are usually de­
signed by trial and error, but a further simplification of 
the transfer function may be made to obtain an initial 
solution. If the pole at BW is ignored, RP4 is removed 
and RP2 made large (RP2 is necessary to provide a DC 
path for leakage current at pin FP2) then the system 
illustrated in figure 8(b) is obtained. The compensation 
has been reduced to lead compensation only. If the 
following quantities are defined: 

=[ G1G2 Cp1 l [ RF l (~) ( -2) Gtot C 4R R JO S 
P2 in S 

PM = Desired closed loop phase margin (degrees) 

FB = Desired open loop unity gain bandwidth (rad/s) 

then appropriate values for the time constants of the 
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lead compensation circuit (T1, T2) may be chosen 
using the following relationships, assuming 1/T2 « FB 
<< 1/Tl: 

FB = Gtot • T2 (rad/s) 

PM= 90 - arctan (FB • T1) (degrees) 

The values for T1 and T2 thus chosen form a starting 
point for the selection of appropriate values for the 
more complex lag-lead compensator required by the 
real system. 

Position Loop Fiiter lnltlallzatlon 

Switch S1, which is controlled by the DUMP bit in the 
WINDOW register, may be used to short out the 
external feedback capacitor CP2, discharging it. S1 is 
usually closed during a seek operation, so that when 

DESIRED SSI 32H567/568 
TRACK(= 0) INPUT 

l.+ 
HEAD 
POSITION 
(TRACKS) 

FP1 
(V) 

POSITION LOOP FILTER 

SSI 32H6220 
Servo Controller 

the system is switched to track mode, no sudden 
transients occur due to charge stored on CP2. Distur­
bances to the position signal when the system is 
switching to track mode can greatly extend the disk 
drive's access time, since the system response is 
much slower in this mode. 

On Track Window 

The on track window comparator may be used to 
monitor the positioning accuracy of the head. The 
position error voltage at pin FP1 is compared to a signal 
selected by the bits NW0-2 in the WINDOW register. 
The ONTRK bit in register STATUS is set if the position 
error is within the specified limits and cleared if it is 
outside the limits (in either the positive or the negative 
direction). The programmable excursion limits (ex-

SSI 32H569 AND SERVO MOTOR 

EOUT 
(V) 

RF 1 

-~·~ 

WHERE: 

T, = CP1 'RP1 

ROTOR POSITION T2 = CP2. RP3 
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pressed as a percentage of a track) range from 2.8% to 
22.5% in 8 equal steps. By monitoring the ONTRK bit, 
the microprocessor can determine when the head has 
settled sufficiently for read and write operations to 
commence. The ONTRK bit may also be used to 
decide when it is appropriate to switch from seek to 
track mode at the end of a period of deceleration. 

SEEK MODE 

Velocity Profile 

The velocity profile that results in the shortest seek 
time, subject to motor current and head velocity limita­
tions, is as follows: 
1) Maximum acceleration (maximum motor current) 

until the half-way point or maximum velocity is 
reached. 

2) Constant velocity motion until it is time to com­
mence deceleration (if maximum velocity was 
reached). 

3) Maximum deceleration until head comes to rest 
over the destination track. The decceleration pe­
riod is of approximately the same duration as the 
acceleration period. 

The microprocessor computes a velocity profile ac­
cording to the rules above, based on the current head 
location and destination track. During the final ap­
proach to the destination track, updates to the velocity 
DAC become more infrequent since the track crossing 
rate is approaching zero. The fill signal which is derived 
from the position error can be used to provide a smooth 
target velocity profile between track crossing updates. 
Figure 9 shows a set of typical waveforms as the head 
approaches the destination track. The fill gain is ad­
justed at each track crossing so that the fill signal 
interpolates smoothly between target DAC settings. In 
the destination track, where the target DAC output is 
zero, the fill signal is especially important, since it 
becomes zero only when the head is centered on the 
track. The velocity control loop thus causes the head to 
come to rest at the center of the destination track. 

Loop compensation 

The transfer function for the controller electronics of 
figure 7 is shown in figure 1 O(a). This transfer function 
may be simplified as shown in figure 1 O(b), under the 
following conditions: 

The value of co, the corner frequency of the internal 
position differentiator, is dependent on the sync rate, 
but the above condition is generally satisfied by most 
systems. The condition on RV4 and CV1 sets the 
position of the zero due to the external components in 
the velocity loop filter, whose function is described 
below. The resulting system has two real poles, one 
of which is at the origin, and is thus unconditionally 
stable. 

The position of the SSI 32H6220 internal differentiator 
pole is selectable under microprocessor control. It is 
de$ireable to select as low a frequency as is consistent 
with the required seek performance. This pole pre­
vents the differentiator from amplifiying high frequency 
noise. In order to provide feedback of a velocity signal 
for frequencies above the differentiator pole, the exter­
nal velocity loop filter is configured to act as an integra­
tor which integrates the motor current sense output of 
the SSI 32H569, or the SSI 32H6230, SOUT. Since 
SOUT is proportional to motor acceleration, this inte­
gration produces a signal proportional to velocity. 
Thus, at low frequencies the velocity feedback is gen­
erated by differentiating the position error signal and at 
high frequencies, the velocity term results from inte­
grating motor current. It is more accurate to estimate 
velocity from a direct observation of head position, but 
at higher frequencies it is necessary to provide in­
creased noise immunity. The system described above 
balances these two considerations. 
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OFFSET CANCELLATION 

The 32H6220 is capable of cancelling position offset, 
velocity offset, and motor current offset. The following 
procedures may be used to null out these effects. 

A. Position offset 

This procedure removes any offset introduced by the 
position processing circuitry in the SSI 32H6220. 

1. Set T/S. (Enter track mode.) 

2. Set CAL and DUMP. (This switches the N and 
Q inputs to VREF and shorts out CP2). 

3. Set ERREN. (This activates the ERR com­
parator and connects its output to SGN.) 

4. Adjust NOS and SOS until a 1 LSB change 
causes SGN to change state. The final values 
should be stored and used whenever track 
mode is used. 

5. Clear CAL, DUMP, ERRENto resume normal 
track mode operation. 

B. Velocity offset 

This procedure removes any offset generated in the 
velocity path of the SSI 32H6220. 

1. Clear T/S. (Enter seek mode). 

2. Set CAL, ERREN, and ENA. 

3. Adjust TARGET and VELPOL until 1 LSB 
change causes SGN to change state. This 
value of TARGET should be stored for use in 
future seeks as the velocity offset. 

4. Clear CAL and ERREN to resume normal 
seek mode. 

Finer offset adjustment can be made by using the 
OFFSET register, however the calculation must be 
done for each value of NFG that is planned to be used. 
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C. Motor Current Offset 

Motor current offset (caused, for instance, by cable 
bias and windage on the head as well as voltage offset 
in the motor driver) results in an ontrack voltage at PE 
that is not zero. In some drives, the time from when 
DUMP is turned off to when the final value of PE is 
achieved adds appreciably to the loop settling time. 
The PE voltage can be minimized (and therefore, the 
settling time) as follows. 

1. Enter track mode and wait for the head posi­
tion to settle. Make sure CAL is reset. 

2. Set ERREN. 
3. Adjust TARGET until PE is zero (evidenced by 

SGN toggling equally between 1 and o. Pro­
gram target with this value whenever a seek to 
this area of the disk is performed. 

Since this technique compensates for cable bias, care II 
must be taken to interpret the results. Cable bias will 
be position dependent and can also depend on the 
previous head positions. 
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DESCRIPTION 

The SSI 32H6230 Servo Motor Driver is a bipolar 
device intended for use in Winchester disk drive head 
positioning systems employing linear or rotary voice 
coil motors. When used in conjunction with a position 
controller, such as the SSI 32H568 or the SSI 32H6220 
Servo Controllers, and a position reference, such as 
the SSI 32H567 Servo Demodulator, the device allows 
the construction of a high performance, dedicated 
surface head positioning system. 

The SSI 32H6230 serves as a transconductance am­
plifier by driving 4 MOSFETs in an H-bridge configura­
tion, performs motor current sensing and limits motor 
current. In its linear tracking mode, class B operation is 
guaranteed by crossover protection circuitry, which 
ensures that only one MOSFET in each leg of the H­
bridge is active. The MOSFET drivers are disabled 
when motor velocity or current exceed externally pro­
grammable limits. In addition, automatic head retrac­
tion and spindle braking may be initiated by a low 
voltage condition or upon external command. 

(Continued) 
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FEATURES 

• Predrlver for linear and rotary voice coil 
motors 

• Interfaces directly to MOSFET H-Bridge motor 
driver 

• Class B linear mode and constant velocity 
retract mode 

• FET disable function 

• Precision differential amplifier for motor 
current sensing 

• Clamp for motor current limiting 

• Automatic head retract and spindle braking 
signal on power failure 

• External digital enable 

• Servo loop parameters programmed with 
external components 

• Advanced bipolar IC requires under 240 mW 
from 12v supply 

• Available In 20-pln DIP or SO packaging 
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DESCRIPTION (Continued) 

The SSI 32H6230 is implemented in an advanced 
bipolar process and dissipates less than 240 mW from 
a 12V supply. The IC is available in 20-pin DIP and 
20-pin SO packaging. 

FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 

The SSI 32H6230 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 

During linear operation, an acceleration signal from the 
servo controller is applied through amplifier A 1, whose 
three connections are all available externally. RC 
components may be used to provide loop compensa­
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.5. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen­
tary MOSFET pair. The second is non-inverting, and is 
formed in a similar manner from opamp A5. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 
precisely. The voice coil motor and a series current 
sense resistor are connected between SE1 and SE3. 

Crossover protection circuitry between the outputs of 
A4 and A5, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction. The crossover 
separation threshold, illustrated in Figure 5, is the 
maximum drive on any MOSFET gate when the motor 
voltage changes sign. The crossover circuitry can also 
disable all MOSFETS simultaneously (to limit motor 
current or velocity) or apply a constant voltage across 
the motor (to retract the heads at a constant velocity). 

Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 
proportional to motor current, and hence acceleration. 
This signal is externally fed back to A 1, so that the 
signal ERR represents the difference between the 
desired acceleration (from the servo controller) and the 
actual motor acceleration. 

An adjustable voltage clamp is provided to prevent 
over current to the motor. It accomplishes the current 
limiting by clamping the voltage excursion at the input 
of A 1. The voltage clamp values are programmed by 
VREF andVLIM. VLIM is the lower clamp value andthe 
upper clamp limit is 2 • VREF - VLIM. 

Disable function will cause all 4 bridge FETs to turnoff. 
Note that this function does not override the retract 
function. 

The SSI 32H6230 has low voltage monitor circuitry that 
will detecta loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive's spindle motor so that its 
stored rotational energy may be used to hold up VCC 
briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
condition is detected, the MOSFET drivers switch from 
linear operation to retract mode. In this mode a con­
stant voltage is applied across the motor which will 
cause the heads to move at a constant speed. A 
mechanical stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 
will disable the MOSFET drivers when motor current 
increases due to loss of the velocity-induced back 
EMF. An open collector output, BAK, which is active 
while the device is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. 

Two examples of an entire servo path implemented 
with the SSI 32H6230 and its companion devices, the 
SSI 32H567, 32H568, and the SSI 32H567, 32H6220 
are shown in Figures 7 and 8. 
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PIN DESCRIPTION 

POWER 

NAME PIN TYPE DESCRIPTION 

vcc 20 POSITIVE SUPPLY - 12V power supply. Usually taken from spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 

LOWV 19 I LOW VOLTAGE - System 12V supply. If this input falls below 9V, a forced 
head retraction occurs. 

VREF 4 I REFERENCE VOLT AGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 

GND 10 GROUND 

CONTROL 

NAME PIN TYPE DESCRIPTION 

ERR 1 0 POSITION ERROR- Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: SE3-SE1 = 17(ERR-VREF) 

ERR- 2 I POSITION ERROR INVERTING INPUT - Inverting input to the loop 
compensation amplifier. 

ERR+ 3 I POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 
loop compensation amplifier. 

SOUT 5 0 MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: SOUT-VREF=4(SE2-SE1) 

DISABLE 7 I DISABLE INPUT - Active High TTL input will cause all 4 bridge FETs to 
turn off. DISABLE does not override the retract function. 

CLAMP 6 I CLAMP - A clamp pin to limit the input error voltage. The voltage swing 
at this pin is limited to VREF +- (VREF - VLIM). 

BRK 8 0 BRAKE OUTPUT -Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 

VLIM 11 I VOLTAGE LIMIT - The voltage at this pin sets the upper and lower clamp 
voltage limits in conjunction with the voltage at VREF. 
Upper Clamp Limit = 2 • VREF - VLIM 
Lower Clamp Limit = VLIM. 

SE2 14 I MOTOR CURRENT SENSE INPUT - Non-inverting input to the current 
sense differential amplifier. It should be connected to one side of an 
external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1. 

EN 18 I ENABLE-Active high TTL compatible input enables linear tracking mode. 
A low level will initiate a forced head retract. 
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FETDRIVE 

NAME PIN TYPE 

SE3 9 I 

OUTC 12 0 

OUTD 13 0 

SE1 15 I 

OUTB 16 0 

OUTA 17 0 

1291 - rev. 
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MOTOR VOLTAGE SENSE INPUT-This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: 

SE3-VREF = 8.5(ERR-VREF) 

P-FET DRIVE (NON-INVERTING) - Drive signal for a P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 

N-FET DRIVE (NON-INVERTING)- Drive signalfor an N channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 
is connected to SE3. Crossover protection circuitry ensures thatthe P and 
N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 

MOTOR VOLTAGE SENSE INPUT-This input provides feedback to the 
inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 

SE1-VREF = -8.5(ERR-VREF) 

This input is internally connected to the current sense differential amplifier 
inverting input. 

N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 
connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1. 

P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1. Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

vcc 0 16 v 
VREF 0 10 v 
SE1, SE2, SE3, OUT D -1.5 15 v 
All other pins -.3 VCC+ .3 v 
Storage temperature -45 165 oc 
Solder temperature 1 O sec duration 260 oc 

RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

vcc Normal Mode 9 12 13.2 v 
Retract Mode 3.5V 14 v 

VREF 5 7 v 
Operating temperature 0 70 oc 

DC CHARACTERISTICS 

ICC, VCC current 20 mA 

IREF, VREF current 2 mA 

A1, LOOP COMPENSATION AMPLIFIER 

Input bias current 500 nA 

Input offset voltage 3 mV 

Voltage swing AboutVREF 2 v 
Common mode range AboutVREF ±1 v 
Load resistance ToVREF 4 kO 

Load capacitance 100 pF 

Gain 80 dB 

Unity gain bandwidth 1 MHz 

CMRR f <20 kHz 60 dB 

PSRR f <20 kHz 60 dB 
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A2, CURRENT SENSE AMPLIFIER 

PARAMETER CONDITIONS 

Input impedance SE1 to SE2 

Input offset voltage 

Output voltage swing 

Common mode range 

Load Resistance To VREF 

Load Capacitance 

Output impedance /<40kHz 

Gain (SOUT-VREF)/(SE1-SE2) 

Unity gain bandwidth 

CMRR f < 201'.Hz 

PSRR f < 20 kHz 

VOLTAGE CLAMP 

PARAMETER CONDITIONS 

CLAMP bias current CLAMP= VREF 

Upper CLAMP limit I CLAMP = 10 µA 
(VREF + 1/3 VREF) VLIM open 

Lower CLAMP limit !CLAMP= -10 µA 
(VREF - 1/3 VREF) VLIM open 

CLAMP accuracy I !CLAMP I= 10 µA 

CLAMP Impedance 1.0 mA> I !CLAMP I >10 µA 

VLIM Voltage 

VLIM Accuracy 

POWER SUPPLY MONITOR 

PARAMETER CONDITIONS 

VCC fail threshold 

LOWV fail threshold llLowvl < 0.5 mA 

VREF fail threshold 

Hysteresis (LOWV, VCC) 

Hysteresis (VREF) 

EN input low voltage lllLI < 0.5 mA 
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MIN 

3.5 
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TYP MAX UNITS 

5 kQ 

2 mV 

VREF-4 VCC-1.2 v 

0 VCC-0.2 v 

4 kO. 

100 pF 

20 n 
3.9 4 4.1 VN 

1 MHz 

52 dB 

60 dB 

MIN TYP MAX UNITS 

0.1 µA 

.!vREF v 
3 

g_VREF v 
3 

-3 3 % 

20 n 
2VREF v 

3 

-1 +1 % 

MIN TYP MAX UNITS 

8.5 9 9.8 v 

8.5 9 9.8 v 

3.9 4.3 4.8 v 

250 mV 

110 mV 

0.8 v 
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POWER SUPPLY MONITOR (Continued) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

EN input high voltage lllHI < 40 uA 2 v 
BRK voltage normal mode, llOLI < 1 mA 0.4 v 
BRK leakage current retract mode 10 µA 

BRK delay (from power fail or 
EN false to BRK floating) 1 ms 

MOSFET DRIVERS 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

SE3 Input impedance To VREF 10 25 kQ 

OUTA,OUTC 
voltage swing llOl<1 mA 0.7 VCC-1 v 
OUTB,OUTD 
voltage swing llol<1 mA 1 VCC-1 v 
VTH, 
Crossover separation threshold 2 v 
Slew rate 
(OUTA,OUTB,OUTC,OUTD) Cl<1000 pF 1.4 V/µs 

Crossover time 300 mV step at ERR 5 µs 

Output impedance (OUTA,B,C,D) 50 kn 

Transconductance 
l(OUTA,B,C,D)/(ERR-VREF) 8 mAN 

Gain (-(SE1-VREF)/(ERR-VREF) 
or (SE3-VREF)/(ERR-VREF) ) 8 8.5 9 VN 

Offset current Rs = o.2n, RF = R1N, 20 mA 
VIN=VREF 

Retract motor voltage 
(SE1-SE3) 0.7 1 1.3 v 
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APPLICATIONS INFORMATION 

A typical SSI 32H6230 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 

MOTOR CURRENT SENSE AND LIMITING 

The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = o.2n is typical in disk drive 
applications. 

VLIM, RIN1, and RIN2 must be chosen to keep the 
motor current below lmax. The voltage clamp values 
programmed by VREF and VLIM musi be chosen to 
cause limiting when the motor current reaches its 
maximum permissible current in amps, this value may 
be chosen as follows: 

llmaxl= CLAMP • ....!!E._ 
RIN2 4•Rs 

Where the upper clamp limit is 2 • VREF - VLIM and the 
lower clamp limit is VLIM. If VLIM is left open, a value 
of 0.667 • VREF will appear. The upper clamp limit is 
then 1.33 • VREF and the lower clamp limit is 0.667 • 
VREF. The values of RIN1, RIN2 must be chosen to 
satisfy the maximum swing of Vin before limiting oc­
curs, 

Vin( max) =CLAMP( 1 += )-=( VREF) + VREF 

and they should also satisfy the maximum current 
VCLAMP can source or sink 

SSI 32H6230 
Servo Motor Driver 

Figure 4(b), under the assumption thatthis pole and the 
pole due to the motor mechanical response are widely 
separated. CL may then be chosen to set the desired 
open loop unity gain bandwidth. 

68 •Rs 
CL=----------

2 • 7t• RF• (Rm+ R5 ) • BW 

Lm 
RL = --..,,---,.,,-,-

CL• ( Rm+R 5 ) 

where BW is the 
unity gain open 
loop bandwidth 

The closed loop response of the servo driver and motor 
combination, using the component values and simpli­
fying assumptions given above, is given by: 

im 1 RF 
-(s) =--·--·--_;_ __ 
V;n R;n 4 • Rs ( 1 + S ) 

2•7t•BW 

Where: Rin = RIN1 + RIN2 

(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems.) 

RF is chosen to be sufficiently large to avoid overload­
ing A2 (RF > 4 kn). The input resistor, R1N, sets the 
conversion factor from servo controller output voltage 
to servo motor current. R1N is chosen such that the 
servo controller internal voltages are scaled conven­
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A 1. 

R06 =Rri//RF 

The external components Ro and Co have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 

Vin (max ) [Actual ] - CLAMP ~ 1 mA 

RIN1 
L Km2 

ZM=(R 5 +Rm)(1+s--m-)(1+ )(Q) 
Rs+Rm s•J0•(R 5 +Rm) 

LOOP COMPENSATION 

The transfer function of the SSI 32H6230 in the appli­
cation of Figure 2 is shown in Figure 4( a). If the zero due 
to AL and CL in the loop compensation circuit is chosen 
to cancel the pole due to the motor inductance, Lm, then 
the transfer function can be simplified as shown in 

At frequencies above (Rs+Rm)/(27t • Lm) Hz, this load 
becomes entirely inductive, which is undesireable. Ro 
and Co may be used to add some parallel resistive 
loading at these frequencies. 
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SSI 32H6230 
Servo Motor Driver 

H·BRIDGE MOSFETS 

The MOSFETs chosen for the H-bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen­
sation fort he MOSFET drivers, so values below 500 pF 
may cause some driver instability. Excessive input 
capacitance will degrade the slew mode performance 
of the drivers. 

When the motor voltage is changing polarity, the cross­
over protection circuits at outputs OUTA-OUTD ensure 
that the maximum MOSFET gate drive is less than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices 
chosen should be as large as possible to minimize 
conduction in this region. If the device thresholds are 
significantly less than the crossover separation 
threshold, the N and P channel devices in each leg of 
the H-bridge will conduct simultaneously, causing un­
necessary power dissipation. 

POWER FAILURE OPERATION 

The power supply for the SSI 32H6230, VCC, should 
be taken from the system 12V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 
fails, the IC will continue to operate as the spindle motor 
becomes a generator. The SSI 32H6230 will detect the 
power failure and cause a forced head retract, continu­
ing to operate with VCC as low as 3.5V. The power fail 
modewillcommenceifeitherVCCorLOWVfallsbelow 
9V, or VREF falls below 4.3V, or EN is false. Hysteresis 
on the low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal. 

The BRK output, which is pulled low during normal 
operation, floats during a power failure. This allows an 
external transistor to be enabled for spindle motor 
braking. An external RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt­
age during retraction. 

Jeco 
Km 

im Armature current (A) 

co Motor speed (rad/s) 

J0 Moment of inertia of 
rotor (Kg. M 2 ) 

Km Torque constant (Nm/A) 

Ke Motor voltage constant (V/rad/s) 

e Back E.M.F. (V) 

Lm Winding inductance (H) 

Rm Winding resistance ( n 

Nomenclature used is for rotary motor 

FIGURE 3: Equivalent Circuit for Fixed Field DC Motor 
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SSI 32H6230 
Servo Motor Driver 

LOOP COMPENSATION WINDING IMPEDANCE 

MECHANICAL RESPONSE 

• 
CURRENT SENSE 

FIGURE 4(A): Transfer Function of SSI 32H6230 In 
Typlcal Appllcatlon with Fixed Fleld DC Motor 

MECHANICAL RESPONSE LOOP COMPENSATION 

1 + K 2 m 

CURRENT SENSE 

J9Rm Rm 
I -- << -

Km 2 Lm 

FIGURE 4(8): Slmpllfled Transfer Function of 
SSI 32H6230 In DC Motor Appllcatlon 
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SSI 32H6230 
Servo Motor Driver 

MOSFETGATE DRIVE 

..:c·---------------L--------------
1 

VCC-V1'H - - - - - - - - - -

VAEF 

(~ALSCALEISOREATLYEXPllNDED) 

••• (ERROASJGNN. INPU't) 

FIGURE 5: Simplified Transfer Function of SSI 32H6230 
In DC Motor Appllcatlon 

1.0 

ASSUMPTIONS: 0.1 

Rs =0.2il 

F\==10K 

A,n=3il 
Lm=600µH 

CL (Jlf) 

.01 

.001 

100 1K 10K 

BANDWIDTH 
(Hz) 

FIGURE 6: Typical Motor Driver Compensation 
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SSI 32H6230 
Servo Motor Driver 

PACKAGE PIN DESIGNATIONS 
(Top View) 

ERR 

ERR-

ERR+ 

VREF 

SOUT 

CLAMP 

DISABLE 

BRK 

SE3 

GM> 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 32H6230, Servo Motor Driver 

20-Pin DIP 

20-Pin SOL 

20 vcc 

2 19 LONV 

3 18 EN 

4 17 OUTA 

5 18 OUTB 

6 15 SE1 

7 14 SE2 

8 13 OUTD 

9 12 OUTC 

10. 11 VUM 

20-Pln SO, DIP 

ORDER NO. 

32H6230-CP 

32H6230-CL 

CAUTION: Use handling procedures nacaasary 
for a static sensitive component 

I PKG.MARK 

f 32H6230-CP 

32H6230-CL 

Prellmlnary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems. Inc., 14351 Mylord Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The SSI 32H6240 Servo Motor Driver is a bipolar 
device intended for use in Winchester disk drive head 
positioning systems employing linear or rotary voice 
coil motors. When used in conjunction with a position 
controller, such as the SSI 32H568 or the SSI 32H6220 
Servo Controllers, and a position reference, such as 
the SSI 32H567 Servo Demodulator, the device allows 
the construction of a high performance, dedicated 
surface head positioning system. 

The SSI 32H6240 serves as a transconductance 
amplifier by driving 4 bipolar power transistors in an H­
bridge configuration and performs motor current 
sensing by using an on-chip differential amplifier. In its 
linear tracking mode, class B operation is guaranteed 
by crossover protection circuitry, which ensures that 
only one transistor in each leg of the H-bridge is active. 
Automatic head retraction and spindle braking may be 
initiated by a low voltage condition or upon external 
command. 

The SSI 32H6240 is implemented in an advanced 
bipolar process and dissipates less than (240 mW) 
from a 12V supply. The SSI 32H6240 is available in 
a 28-pin PLCC. 

DISABLE 

BLOCK DIAGRAM 

SVREF 
2R 

+SI/ VCC 

ERR I r------.--.-1----N/'-.----i >-....--.---! 
ERR· 

ERR+ 

VAEF 

PS1 

1.31/ 

GND PFAIL BAK A-COMP 8.COMP C-COMP 0-COMP 

SSI 32H6240 
Servo Motor Driver 

rm kb'"'' m(.] i; ·f u [,] h 
December 1991 

FEATURES 

• Predrlver for linear and rotary voice coll 
motors 

• Interfaces directly to Bipolar H-Brldge motor 
driver 

• Class B linear mode and constant velocity 
retract mode 

• Power transistor disable function 

• Precision differential amplifier for motor 
current sensing 

• On-chip precision power fall detect 

• Automatic head retract and spindle braking 
signal on power failure 

• External digital enable 

• Servo loop parameters programmed with 
external components 

• Advanced bipolar IC requires under (240 mW) 
from 12V supply 

• Available In 28-pin PLCC packaging 

• +5V, + 12v operation 

PIN DIAGRAM 

ci: 
<( 

~ 
0: (.) > 

~ 
I-

0: 0: (.) "1 :> 
LU LU > 0 

A-COMP 

24 OUTB 

23 8-COMP 

22 SE1 

21 SE2 

20 D-COMP 

19 OUTD 

12 13 14 15 16 17 18 

OUTO 

> 
~ "' Cl "' § 

a. 

"' ~ z lJj ~ + (!) 
(.) 
c) OUTC 
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SSI 32H6240 
Servo Motor Driver 

FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 

There are three modes of operation of the SSI 32H6240: 
Disable, Retract, and Linear. The circuit mode is con­
trolled by the DISABLE , RETRACT, PS1, and PS2 
pins. 

DISABLE mode turns off the output drivers. OUTA and 
OUTC are pulled to VCC through internal 1.5 kn 
resistors. OUTB and OUTD are pulled to GND through 
internal 1.5 kn resistors. Disable mode does not over­
ride Retract mode. 

RETRACT mode turns off OUTB and OUTC. OUTD is 
turned on. OUTA is turned on in a special manner to 
force 1 Vat SE1. Retract mode does override Disable 
mode. 

POWER FAIL mode occurs when either PS1 or PS2 
fall below 1.3V. Power fail overrides Retract and 
Disable inputs and forces the chip into RETRACT 
mode. 

When the RETRACT pin is pulled low the SSI 32H6240 
will go into retract mode. The BAK pin will go high. 
When the DISABLE pin is pulled high it will cause all 4 
bridge powertransistorstoturnoff. PF AIL and BAK will 
remain low if PS1, PS2, and RETRACT pins do not 
change. 

During linear mode operation an acceleration signal 
from the servo controller is applied through amplifier 
A 1. Amplifier A 1 's three connections are available for 
connection to external loop compensation compo­
nents. The ERR signal drives two precision amplifiers, 
each with a gain of 8.S. The first of these amplifiers is 
inverting, and is formed from opamp A4, an on-chip 
resistor divider, and an off-chip complementary Bipolar 
Power Transistor pair. The second amplifier is non­
inverting and is formed in a similar manner from opamp 
AS. Feedback from external transistor's collectors on 
sense inputs SE1 and SE3 allows the amplifier's gains 
to be precisely set. The voice coil motor and a series 
current sense resistor are connected between SE1 
and SE3. The output of the amplifiers will provide the 
base current for the external H-Bridge Bipolar Power 
Transistors. The chip is designed to work with external 
transistors with a minimum Beta of 40 and minimum fr 
of 40 MHz. The base bias resistors for the external 
bridge transistors are internal to the IC. 

Cross over protection circuitry between the outputs of 
A4 and AS and the external power transistors ensure 
Class B operation by allowing only one transistor in 
each leg of the H-bridge to be in conduction. The 
crossover circuitry can also disable all Power Transis­
tors simultaneously (to limit motor current or velocity) 
or apply a constant voltage across the motor (to retract 
the heads at a constant velocity.) 

Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 2 (A2 and associated resistors), whose inputs 
areSE1 andSE2. Theresultingoutputvoltage,SOUT, 
is proportional to motor current, and hence accelera­
tion. This signal is externally fed back to A 1 so that the 
signal ERR represents the difference between the 
desired acceleration (from the servo controller) andthe 
actual motor acceleration. The total output offset 
current (Vin= Vref, Rsense =0.SQ) is lessthanS.S mA. 

The SSI 32H6240 has low voltage monitor circuitry that 
will detect a decrease in the voltage at PS 1 and PS2 
pins. The +SV and + 12V power supplies are divided 
down by external resistors and then compared to an 
internal 1.2SV ±So/o reference. The power supply pin, 
VCC, should be connected to the disk drive's spindle 
motor so that its stored rotational energy may be used 
to hold up VCC briefly during a power failure. When a 
low voltage condition is detected on either the PS1 or 
PS2 pins the BIPOLAR drivers switch from linear 
operation to retract mode. In this mode a constant 
voltage is applied across the motor which will cause the 
heads to move at a constant speed. A mechanical stop 
must be provided for the heads when they reach a safe 
location. External current limiting circuitry is required 
for both the linear and retract modes of operation. An 
open collector output, PFAIL, which is low in the linear 
mode, will go high to indicate a power failure. This 
signal is gated with the RETRACT input signal to force 
the chip into the Retract mode during power failure and 
to signal a BAK spindle. A BAK spindle is signaled by 
forcing a High level on the BAK open collector output 
which is normally low in the Linear mode. The BAK pin 
is provided for spindle motor braking. An external RC 
delay may be used to deferbraking until the heads are 
retracted. 
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SSI 32H6240 
Servo Motor Driver 

PIN DESCRIPTION 

POWER 

NAME TYPE DESCRIPTION 

vcc - POSITIVE SU PPL Y - Usually taken from spindle motor supply. Spindle motor stored 
energy permits head retraction during power failure. If either a "Power Failure" or a 
"Retract" is asserted a forced head retraction occurs. Usually supplied through a 
power Schottky diode from Spindle Motor Supply. 

+5V I 5-volt power supply 

VREF I REFERENCE VOLTAGE - 5.0V input. All analog signals are referenced to this input. 

GND - GROUND 

CONTROL 

NAME TYPE DESCRIPTION 

ERR 0 POSITION ERROR- Loop compensation amplifier output. This signal is amplified by 
the BIPOLAR drivers and applied to the motor by an external BIPOLAR H-bridge, as 
follows: SE3-SE1 = 17 (ERR-VREF) 

ERR- I POSITION ERROR INVERTING INPUT - Inverting input to the loop compensation 
amplifier. 

ERR+ I POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the loop 
compensation amplifier. 

SOUT 0 MOTOR CURRENT SENSE OUTPUT - This output provides a voltage proportional 
to the voltage drop across the external current sense resistor, as follows: SOUT-
VREF=4 (SE2-SE1) 

BRK 0 BRAKE OUTPUT - Active high, open collector output which may be used to enable an 
external spindle motor braking transistor upon power failure. External resistor may be 
tied to +5 or +12V. 

DISABLE I DISABLE DRIVERS INPUT - Logic level input. An input high level will cause all 
4 bridge BIPOLAR Power Devices to turn off. DISABLE does not override retract. 

RETRACT I RETRACT INPUT - Logic level low will assert a forced head retraction. RETRACT will 
override DISABLE. RETRACT will continue to work at VCC=3.5V. 

PS1 I POWER SENSE 1 - 12V sense input to power fail comparator. 

PS2 I POWER SENSE 2 - 5V sense input to power fail comparator. 

PFAIL 0 POWER FAIL- Power fail indicator open collector output. Floats if either supply goes 
below threshold. 

1.3V 0 INTERNAL REFERENCE MONITOR - Used for testing purposes only. 

A-COMP 0 AMPLIFIER A COMPENSATION - Compensation c~acitor pin 

B-COMP 0 AMPLIFIER B COMPENSATION - Compensation capacitor pin 

C-COMP 0 AMPLIFIER c COMPENSATION - Compensation capacitor pin 

D-COMP 0 AMPLIFER D COMPENSATION - Compensation capacitor pin 
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SSI 32H6240 
Servo Motor Driver 

CONTROL (Continued) 

NAME TYPE DESCRIPTION 

SE2 I MOTOR CURRENT SENSE INPUT - Non-inverting input to the current sense 
differential amplifier. It should be connected to one side of an external current sensing 
resistor in series with the motor. The inverting input of the differential amplifier is 
connected internally to SE1. 

BIPOLAR DRIVE 

SE3 I MOTOR VOLTAGE SENSE INPUT -This input provides feedback to the non-inverting 
BIPOLAR driver amplifier. It is connected to one side of the motor. The gain to this 
point is: SE3-VREF = 8.5 (ERR-VREF) 

SE1 I MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the inverting 
BIPOLAR driver amplifier. It is connected to the current sensing resistor which is in 
series with the motor. The gain to this point is: 
SE1 - VREF = -8.5 (ERR-VREF) 

OUTA 0 PNP DRIVE (INVERTING) - Drive signal for a PNP power transistor connected 
between the current sense resistor and VCC. The PNP collector is also connected to 
SE1. Crossover protection circuitry ensures that the PNP and NPN devices driven by 
OUT A and OUTB are never simultaneously enabled. 

OUTB 0 NPN DRIVE (INVERTING) - Drive signal for an NPN power transistor connected 
between the current sense resistor and GND. This NPN collector is also connected 
to SE1. 

OUTC 0 PNP DRIVE (NON-INVERTING) - Drive signal for a PNP power transistor connected 
between one side of the motor and VCC. This PNP collector is connected to SE3. 
Crossover protection circuitryensuresthatthe PNP and NPN devices driven by OUTC 
and OUTD are never simultaneously enabled. 

OUTD 0 NPN DRIVE (NON-INVERTING)- Drive signal for an NPN power transistor connected 
between one side of the motor and GND. This NPN collector is connected to SE3. 
Crossover protect ion circuitry ensures thatthe PNP and NPN devices driven by OUTC 
and OUTD are never simultaneously enabled. 
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SSI 32H6240 
Servo Motor Driver 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

vcc 0 16 v 
VREF 0 10 v 
+5V 0 7 v 
SE1, SE2, SE3 -1.5 15 v 
DISABLE, RETRACT -.3 +5V + .3 v 
All other pins -.3 VCC+ .3 v 
Storage temperature -45 165 oc 
Solder temperature 10 sec du ration 260 oc 

RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 

vcc Normal Mode 9 12 13.2 v 
Retract Mode 3.5V 13.2 v 

+5V 4.5 5 5.5 v 
VREF 4.5 5 5.5 v 
Operating temperature 0 70 oc 

DC CHARACTERISTICS 

ICC, VCC current 13 20 mA 

15V, +5V Current 0.6 1 mA 

IREF, VREF current 300 µA 

A1, LOOP COMPENSATION AMPLIFIER 

Input bias current 500 nA 

Input offset voltage 3 mV 

Voltage swing About VREF 2 v 
Common mode range AboutVREF ±1 v 
Load resistance To VREF 4 kQ 

Gain 80 dB 

Unity gain bandwidth 1 MHz 

CMRR 1<20 kHz 60 dB 

PSRR 1<20 kHz 60 dB 
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A2, CURRENT SENSE AMPLIFIER 

PARAMETER CONDITIONS 

Input impedance SE1 to SE2 

Input offset voltage SE1 = SE2 = VREF 

Output voltage swing 

Common mode range 

Load Resistance ToVREF 

Output impedance f<40 kHz 

Gain (SOUT-VREF)/(SE1-SE2) 

Unity gain bandwidth 

CMRR f<20 kHz 

PSRR f<20 kHz 

POWER SUPPLY MONITOR 

1.3V pin voltage 1.3V pin open 

PS1 threshold 

PS2 threshold 

PS1, PS2 Hysteresis 

PS1, PS2 Input Bias Current PS1, PS2 = 1.3V 

PFAIL VOL Linear mode IOC = 1 mA 

BRKVOL Linear mode IOC = 1 mA 

PFAILIOH Retract mode VOH = 12V 

BAK IOH Retract mode VOH = 12V 

DISABLE Ill VIL= 0.8V 

RETRACT Ill VIL= 0.8V 

DISABLE llH VIH = 2.4 

RETRACT llH VIH = 2.4 

DISABLE and RETRACT 

Threshold Volt:m_e 
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7.0 

SSI 32H6240 
Servo Motor Driver 

TYP MAX UNITS 

10 kn 

2 mV 

VREF-4 VCC-1.2 v 

0 VCC-0.2 v 

4 kn 

20 n 
1.95 2 2.05 VN 

1 MHz 

52 dB 

60 dB 

1.18 1.25 1.31 v 

1.25 v 

1.25 v 

20 mv 

1 µA 

0.4 v 

0.4 v 

10 µA 

10 µA 

2 20 µA 

2 10 µA 

1 10 µA 

1 10 µA 

1.4 v 
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SSI 32H6240 
Servo Motor Driver 

BIPOLAR DRIVERS 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

SE3 Input Impedance To VREF 10 25 kn 

A Comp, C Comp Voltage Swing w/ External Trans. VCC-1.4 VCC- .7 v 
B comp, D Comp Voltage Swing wt External Trans. 0.7 1.4 v 
Output Impedance 
A, B, C, D Comp Output Off, No External Trans. 75 kn 

Transconductance 
I (A, B, C, D Comp)/(ERR-VREF) 6 mA/V 

Gain Includes External Trans. 8 8.5 9 VIV 
-(SE1-VREF)/(ERR-VREF) or 
(SE3-VREF)/(ERR-VREF) 

Offset Current Rs = o.5n Rf = Rin 3.5 mA 
(A2 Vos) Vin= Vref 

Retract Motor Voltage 0.7 1.3 1.7 v 
(SE1-SE3) 

Out B, Out D Vout = 0.8V 20 mA 
Source Current 

Out B, Out D Vee= 10.8V, Out B, D = 0.8V 20 25 30 mA 
Current Limit Vee= 12.0V, Out B, D = 0.8V 23 27 33 mA 

Out A, Out C Vout = 11.2V 20 mA 
Sink Current 

B and D Output 
NPN Output Transistor Beta le= 20mA Vee= 10V 20 VIV 

A and C Output 
PNP Output Transistor Beta le= 20mA Vee= 10V 10 VIV 
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SSI 32H6240 
Servo Motor Driver 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION 

The SSI 32H651 O is a fully integrated power amplifierfor 
use in disk drive head positioning systems employing 
linear or rotary voice coil motors. It is intended for use in 
5V systems and is capable of generating ±1 Amp motor 
currents. The part is internally thermal overload pro­
tected. 

The SSI 32H6510 is a power transconductance ampli­
fier for use in driving voice coil type servo motors 
(VCMs). The SSI 32H6510 has two primary modes of 
operation, normal (or linear) and retract. The retract 
mode is activated by a power supply failure or when 
RETRACT is asserted. Otherwise the device operates 
in linear mode. 

BLOCK DIAGRAM 
VP VP VP ONO GND 

SSI 32H6510 
5V Servo Driver 

f;f! NU ;ui:a m(.] I; .fiU [.] ,, 
November 1991 

FEATURES 

• 36-pln SO package 

• Internal 1 A power devices 

• NMOS output stage 

• Total on resistance less than 1.3Q at 500 mA 

• Thermal overload protection 

• No deadband, low distortion, class B output 

• Low power sleep mode 

• Gain select switch optimizes performance with 
8-bit DACs 

• Built In retract circuitry 

• Power fault detection 

PIN DIAGRAM 

36 SOUT 

35 SWIN 

34 ERRM 

33 GND 

32 SE1 

VM1 31 SE2 

30 ERR 

VP 29 VRETRACT 
32H6510 

28 VBYP1 

VP 10 27 VP 

VP ,, 26 VP 

GND 12 25 TH TEST 

VP 13 24 VP 

VP 14 23 VP 

VBGAP 15 22 VCFI 

IBR 16 21 nrn17iCT 

SYSRST 17 20 SLEEP 

RCllST 18 19 TSO" 
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SSl32H6510 
5V Servo Driver 

DESCRIPTION (continued) 

The SSI 32H651 O consists of five major blocks: SOUT 
amplifier, ERR amplifier, retract amplifier, power ampli­
fier, and control circuitry. These parts are each de­
scribed in this section. External components needed 
for proper operation of the SSI 32H6510 are also 
described. 

SOUT AMPLIFIER 

This amplifier generates a voltage at SOUT that is 
proportional to positioner current. It does this by sens­
ing the voltage across Rs, amplifying it, and referenc­
ing the result to VREF. Since the common mode 
voltage on Rs can range over the full power supply, 
while the differential voltage is a few millivolts, the 
SOUT amplifier is designed to have very high input 
common mode rejection, and very low input offset. 

ERR AMPLIFIER 

The ERR amplifier is a high gain op amp. Due to the 
fixed gain of the power amp, ERR is proportional to the 
VCM voltage. The negative input of this amplifier is the 
system summing junction--currents proportional to the 
desired VCM current, the measured VCM current, and 
the VCM voltage are summed here. 

TABLE 1: IC Mode Selection 

INPUT 

SLEEP RETRACT VCHK>VBGAP 

x x 0 

x x 0 

x x 1 

x 0 1 

0 1 1 

1 1 1 

POWER AMPLIFIER 

The power amplifier is a fixed gain voltage amplifier 
with differential inputs and outputs. Its input is the 
differential voltage between ERR and VBGAP. Its 
output drives the VCM directly. 

RETRACT AMPLIFIER 

When a voltage fault is sensed, or when RETRACT is 
asserted, the SSI 32H651 O enters retract mode. In this 
mode, it is assumed that no current is available from VP 
(VP may actually be at GND potential). Thus power for 
this mode comes from VBEMF, the rectified spindle 
back EMF voltage, and from VBYP1, a voltage gener­
ated from the external storage capacitor CBYP. The 
retract amplifier is powered by VBYP1. It senses the 
voltage at VRETRACT and raises VM1 to be equal to 
VRETRACT. The drain of the source follower is VB EMF. 

CONTROL CIRCUITRY 

The control circuitry consists of voltage monitoring 
circuitry, a thermal overload circuit, and control logic. 
The inputs to the control circuitry are the external 
signals RETRACT, VCHK, and SLEEP, along with 
internal signal from the thermal overload detector (vis­
ible externally on TSO). Table 1 describes the behavior 
of the part in response to these inputs. 

CHIP FUNCTION 

TSO BRIDGE RETRACT SYSRST 

0 Off Off 0 

1 Off On 0 

0 Off Off 1 

1 Off On 1 

1 On Off 1 

1 Off Off 1 

6-146 1191 - rev. 



PIN DESCRIPTION 

NAME TYPE 

VP Power 

GND Power 

SWON Dig In 

SWIN An In 

SOUT An Out 

ERR An Out 

ERRM An In 

VREF An In 

RETRACT Dig In 

TH TEST Dig In 

VCHK An In 

VB GAP An Out 

IBR An Out 

SLEEP Dig In 

TSO OIC Out 

RCRST O/C Out 

SYSRST O/C Out 

VRETRACT An In 

VBYP1 An In 

VBYP2 An In 

VBEMF An In 

1191 - rev. 
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SSI 32H6510 
5V Servo Driver 

The positive power supply. The VP pins are thermally connected to the die and 
provide a low thermal resistance path to the circuit board. All VP pins should 
be shorted together. 

The negative power supply. All GND pins should be shorted together. 

Tums on the switch between ERRM and SWIN. 

One side of an analog switch connected to ERRM. 

The current sense amplifier output. SOUT is referenced to VREF. 

The error amplifier output. ERR is used to provide compensation to the 
transconductance loop. ERR is referenced to VBGAP. 

The error amplifier negative input. 

The reference voltage for the error amplifier and the current sense amplifier. 

When low, forces a retract. 

Test input. 

Comparator input for power supply monitoring. When VCHK is below VBGAP, 
an internal voltage fault is generated. 

An internal voltage reference for use with the power supply monitor comparator. 

A resistor is tied from this pin to ground to establish the bias current for internal 
circuitry. 

Tums off the output drivers. Does not override the retract function when a 
voltage fault occurs. Powers down all but the voltage monitor and retract 
circuitry. 

Thermal Shut Down. When low, this open collector output indicates that the 
junction temperature has exceeded the recommended operating range and 
that the part is in thermal shutdown. 

This pin serves the dual purpose of providing power-on-reset and stretching 
short VFAUL T pulses to a width suitable for the host microcontroller. An 
external RC network sets the minimum width of any SYSRST pulse. 

When low, this open collector output indicates that an internal voltage fault has 
occurred. 

The retract voltage. Supplied externally by a diode reference. 

The bypassed power supply. An external capacitor is connected to this node 
to store charge for use by the retract circuitry. 

The other side of the bypass capacitor is connected here. 

Rectified spindle back emf voltage. This input provides current to the internal 
retract power FET. 
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SSI 32H6510 
5V Servo Driver 

PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

VM2 An Out One side of the voice coil motor. 

VM1 An Out The other side of the voice coil motor and sense resistor combination. 

SE1, SE2 An In The sense voltages around the sense resistor. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation of the part outside these limits may result in degradation or failure of the device. 

PARAMETER RATING 

Power Supply, VP 7 

Voltage on any pin 
VBEMF, VBYP1, VBYP2, SYSRST, RCRST -0.3 to 16 
VM1, VM2, SE1, SE2 -0.3 to 12 
All others -0.3 to VP+.3 

Storage Temperature -45to 165 

Solder Temperature (1 O sec duration) 260 

Output Current - l(VM1), l(VM2) 2 

Junction Temperature 150 

RECOMMENDED OPERATING CONDITIONS 

UNITS 

v 

v 
v 
v 
oc 
oc 

Amp 
oc 

The performance specifications for this part apply only when the operating environment is within this specified 
range. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Power Supply, VP 4.75 5.25 v 
Junction Temperature 0 125 oc 
OutQut Current - !{_VM1_1 !.{_VM~ 1.0 Amp 

VB EMF 1.0 14 v 
VREF 0.5 VP-2 v 
RF 10 kn 

RC 10 kn 

RBIAS 21.5 22.5 kn 

VBYP1 - Retract Mode 3 14 v 
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PERFORMANCE SPECIFICATIONS 

DESCRIPTION CONDITIONS MIN 

VP Supply Current: 

Normal ~eration, lmotor = O 

Sle~mode 

SOUTgain 3.9 

SOUT input offset (SOUT = VREF) -3 

SOUT output swing 0.15 

ERRM input offset (ERR = ERRM) -10 

ERR output swing 1.6 

GAIN (VM1-VM2)/(ERR-VBGAP) 11 

VB GAP 2.13 

VCHK offset -15 

Retract offset 

VRETRACT = 0.5V -50 

VRETRACT input impedance 500 

Output voltage drop: VP-IVM1-VM21 

!motor=± 0.5A, Tj = 25°C 

I motor = ± 0.1 A, Tj = 25°C 

Thermal shutdown temperature 120 

Thermal shutdown hysteresis 3 

Crossover time 

!motor= 10mA p 1000 Hz 

Crossover distortion 

lmotor = 10mA p 1000 Hz 

Digital open collector output, sink current: 

SYSRST, RC_RST, TSO 

Vol= 0.4V 1.6 

SWIN on resistance 

1191 - rev. 6-149 
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NOM MAX UNITS 

15 mA 

2 mA 

4.1 VN 

3 mv 

VP-1 v 

10 mV 

3.25 v 

13 VN 

2.37 v 

15 mV 

50 mV 

kQ 

0.65 v 

0.15 v 

140 oc 
7 oc 

45 µs 

2 %THO 

mA 

250 Q 
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SSI 32H6510 
5V Servo Driver 

PACKAGE PIN DESIGNATIONS 
(Top View) 

VREF 36 SOUT 

VB EMF 2 35 SWIN 

VBVP2 34 ERRM 

SWON 4 33 GND 

GND 5 32 SE1 

VM1 6 31 SE2 

NIC 7 30 ERR 

VP 8 
32H6510 

29 VRETRACT 

VM2 g 28 VBYP1 

VP 10 27 VP 

VP 11 26 VP 

GND 12 25 TH TEST 

VP 13 24 VP 

VP 14 23 VP 

VBGAP 15 22 V!jH 

IBR 16 21 RETRAeT 

SYSRST 17 20 SLEEP 

m:1mT 18 19 Tim 

36-Lead SOM 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 
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SSI 32H6520 
Embedded Servo Controller 

l!ti M' n44 mt.1 I' ·SU t.1 '' 
September 1991 

DESCRIPTION Embedded servo Burst Processor 

The 32H6520 Embedded Servo Controller is a CMOS 
monolithic integrated circuit housed in a 44-pin SO and 
operates on a single +5.0 volt supply. It provides one 
10-bit ND converter with 2.5 µs conversion time, and 
two 10-bit DI A converters with 5 µs conversion time as 
well as Motorola/Intel compatible bus interface (Motel) 
to commonly used microcontrollers such as 80C196 
and 68HC11. In addition, it includes bus interface logic 
to support DSP-based, such as TMS320XX, digital 
servo applications. The features for each functionally 
different section are summarized as follows: 

BLOCK DIAGRAM 
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AREA DETECTOR BURST.it 

___________ _J 
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n I ~ 
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• Servo control for Winchester disk drives with 
embedded servo sectors 

• For use in µP/DSP-based digital servo 
applications 

• Pulse area detects and S/H circuits for up to 
four embedded servo bursts 

• Programmable gain adjustment from -2.8 dB to 
3.2dB 

(continued) 
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SSI 32H6520 
Embedded Servo.Controller 

DESCRIPTION (continued) 

Data Acquisition and Microprocessor/CSP Bus 
Interface 

• Motel bus interface compatible with 80C196 
and 68HC11 

• Bus interface logic to support DSP-based digital 
servo applications 

• Eight internal registers and address decoding 

• Two 10-bitD/A converters with 5 µs conversion 
time 

• One 8-channel 10-bit AID converter with 2.5 µs 
conversion time 

General Functions 

• Voltage fault detection 

• Low power CMOS design 

• 44-pin SO package 

FUNCTIONAL DESCRIPTION 

The 32H6520 can be divided into four major sections: 
embedded servo burst processor, voltage fault detec­
tor/logic, data acquisition and microprocessor/DSP 
bus interface. 

EMBEDDED SERVO BURST PROCESSOR 

The embedded servo burst processor extracts the head 
position error information from the embedded servo 
bursts using an area detection technique. The area 
detection technique provides improved noise immunity 
over peak detector. The embedded servo burst proces­
sor contains a differential/gain amplifier, four pulse area 
detectors and required timing logic. First, a full wave­
rectified analog signal from a read data channel, such 
as SSI 32P4620, is provided at SERIN through an 
external resistor equal to Rint and a DC reference level 
for the full wave-rectified analog signal at SEREFthrough 
another external resistor equal to Rint. To accommo­
date a wide dynamic range of servo burst amplitudes 
and process variations of the integration capacitor Cint, 
the differential signal between SERIN and SEREF is 
scaled under µP control. The gain of the differential 
amplifier ranges from -2.8 dB to 3.2 dB in a step of 0.4 
dB, as defined in the SERVO GAIN CONTROL register. 
The output of the differential/gain amplifier is then 
provided to four pulse area detectors whose output are 

proportional to the area above the DC reference level 
during time intervals defined by an external timing 
source through INTEG. Each area detector applies an 
on-chip capacitor Cint equal to 1 O pF to integrate the 
incoming pulses during the integration interval and then 
hold the integrated voltage outputs thereafter. Note that 
the max ±20% tolerance of on-chip capacitors can be 
calibrated out by adjusting the gain of the preceding 
amplifier. Finally, the integrated voltage outputs at 
BURST1, BURST2, BURST3 and BURST4 are pro­
videdtoa1<H>itAIDconverterunderµPcontrolandwill 
be discharged during a time interval defined by an 
external timing source through INTAZ. For proper 
operatons, the time interval defined by the INT AZ must 
be no less than 0.5 µs and be applied only once per 
servo frame preceding the integration pulses defined by 
the INTEG. 

Limited timing logic is included to generate all the timing 
signals required for the embedded servo burst proces­
sor, per figure 1. These timing signals control the 
integration, sample/hold of the pulse area detectors. 
The number of embedded servo bursts supported by 
this circuit are two, three or four. The BSTSELO and 
BSTSEL 1 bits in the SERVO CONTROL register con­
figure the internal timing logic to generate a servo burst 
ready interrupt after the last servo burst is captured. 

VOLTAGE FAULT DETECTOR/LOGIC 11 

The voltage fault detector is to monitor the power supply 
applied at PSV through an external resistor divider, 
which defines the trigger level for power supply failure. 
An open-drain output VFAUL T is pulled HIGH by an 
external resistor when a power supply failure is sensed 
by the PSV comparator. The user-defined trigger level 
for voltage failure is applied at PSV. Another open-drain 
output, opposite logic polarity as the pin VFAUL T and 
with an additional RC delay, is provided at SYSRST. 
The amount of SYSRST delay is determined by an 
external RC connected to the pin, RCRST. 

DATA ACQUISITION 

The AID converter is multiplexed to eight different 
analog inputs by programming the ADC SELO, 
ADC SEL 1, and ADC SEL2 bits in the ADC ADDRESS 
register by the µP. The eight analog inputs multiplexed 
to the AID converter are four embedded servo proces­
sor outputs at BURST1, BURST2, BURST3 and 
BURST 4 and four external analog inputs through four 
T/H amplifiers. These T/H amplifiers sample external 
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DATA ACQUISITION (continued) 

analog inputs during the time interval defined by an 
external timing source applied at ADCSH. If the sam­
pling of f~ur external analog inputs is not necessarily 
synchronized, ADCSH must be tied to HIGH. The AID 
conversions on these external analog inputs are al­
ways referenced to the internal voltage reference at 
2.25 volts. An operational amplifier with uncommitted 
inputs is provided to implement a level shifting function 
for the external analog input applied to AUXINP. The 
output of the operational amplifier is tied to ADCIN1. 

The AID converter starts to acquire a new analog input 
whenever the conversion is completed. A minimum of 
1 µsis required to acquire an analog input to the AID 
converter. Actual conversion is started by reading the 
AID MSB register or by an external timing source 
applied to ADCSTR. The AID address lines ADC SELO 
ADC SEL 1, and ADC SEL2 will be incremented by on~ 
after the AID conversion is started. The automatic 
increment of the address lines is employed to eliminate 
repetitive write operations by the µP to the ADC AD­
DRESS register required for converting the consecu­
tive analog inputs. 

The AID converter runs synchronously with the internal 
4 MHz clock which is used for various circuits on the 
32H6520 and divided down from the system clock 
SYSCLK by a prescaler. Therefore there would be a 
maximum of 0.25 µs of latency between a conversion 
request and the actual start of the conversion. The 
output is coded in 2·s complement. 

SSI 32H6520 
Embedded Servo Controller 

Similarly, the DIA converters run synchronously with 
the internal 2 MHz clock and the conversion is started 
by writing to the corresponding D/A input register. The 
output of the first D/A converter is referenced to an 
external analog input, DACREF1 and the output of the 
second D/A converter is referenced to an external 
analog input, DACREF2. In the "normal" mode when 
STBEN1 (STBEN2) bit in the ADC ADDRESS register 
is reset, the D/A output will be automatically applied to 
DACOUT1 (DACOUT2) during the conversion. In the 
"strobe" mode, the DIA output will be applied to 
DACOUT1 (DACOUT2) at the falling edge of RD for a 
read to the corresponding D/A MSB DATA register. 

MICROPROCESSOR/DSP BUS INTERFACE 

The 32H6520 is provided with Motorola/Intel compat­
ible bus interface for a direct connection to popular 
microcontrollers such as 80C196 and 68HC11. It also 
contains logic to interface with TMS320XX for DSP-
based servo applications. Bus control signals ALE, RD, II 
WR and BUSMODE are interpreted differently, as de-
scribed in table 1, based upon the type of processors 
being used. When the 32H6520 is interfaced with 
TMS320XX, the pin DSPMODE must be tied to HIGH 
and the pin BUSMODE is redefined as XFER/SEL. The 
pin BUSMODE must be tied to HIGH for an Intel bus 
interface and LOW for a Motorola bus interface. The 
ASE pin gates the ALE/ AS input and can be used to shut 
off the ALE/AS to minimize noise on the chip when the 
µP interface is not active. The CS pin performs a similar 
function on the rest of the µP bus inputs. The timing 
diagrams for different processors are depicted in Fig-
ures 2, 3 and 4. 

TABLE 1: Mlcroprocessor/DSP Bus Interface 

32H6520 Intel Motorola TMS320XX 

DSPMODE LOW LOW HIGH 

BUSMODE HIGH LOW XFER/SEL (PAO) 

cs cs cs CS (PA1) 

ALE ALE AS NIC 

RD RD DS;E; or REN 
Clock Phase 2 

WR WR RIW WE 
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REGISTER DESCRIPTIONS 

The 32H6520 contains eight 8-bit internal registers 
which provide control, option select and status monitor­
ing. The registers are addressed with a 3-bit register 
address which is latched from inputs at ADO(LSB), 

AD1' and AD2(MSB) at the falling edge of ALE. The 
registers 0, 2, and 3 are read/write memory, and the 
registers 1, 4, 5, 6, and 7 are write only memory. The 
registers are summarized in Table 2. 

TABLE 2: Register Descriptions 

ADDRESS TYPE REGISTER NAME 

0 R/W INTERRUPT MASK/STATUS 

1 w SERVO GAIN CONTROL & PRESCALER 

2 R/W ADC LSB DATA 

3 R/W ADC ADDRESS & MSB DATA 

4 w DAC1 LSB DATA 

5 w DAC1 MSB DATA 

6 w DAC2 LSB DATA 

7 w DAC2 MSB DATA 

INTERRUPT MASK/STATUS REGISTER 

Address: 0 
Access: Read/Write 
Reset: Bit 0, 1 only 

Register contents when Written: 

BIT NAME DESCRIPTION 

0 BURST INT When set HIGH, interrupt is enabled on the embedded servo position bursts ready. 

1 ADC INT When set HIGH, interrupt is enabled on the completion of the AID conversion. 

2-7 Unused. 

Register contents when Read: 

BIT NAME DESCRIPTION 

0 BURSTRDY Active high indicates that the embedded servo bursts are ready. 

1 ADCRDY Active high indicates that the AID conversion is completed. 

Each interrupt event status will be reset afterthe µP reads this register. The interrupt control register determines 
if the event will actually cause a latched assertion of the µP signal INT. 
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SERVO GAIN CONTROL & PRESCALER REGISTER 

Address: 1 
Access: Write 
Reset: 00 

BIT NAME 

0 SCALEO 
1 SCALE1 

2 GAINO 
3 GAIN1 
4 GAIN2 
5 GAIN3 

6 BSTSELO 
7 BSTSEL1 

DESCRIPTION 

SYSCLK Prescaler. To accommodate different system clocks, the prescaler selects 
a proper divider to generate a fixed clock at 4 MHz per table below: 

SCALE1 SC ALEO SYSCLK(MHz) Divider 

0 0 16 4 

0 1 12 3 

1 0 8 2 

1 1 4 1 

Servo Burst Amplitude Gain Select. These four bits define the gain setting for 
the differential/gain amplifier per table below: 

GAIN3 GAIN4 GAIN3 GAINO Gain, dB 

0 0 0 0 -2.8 

0 0 0 1 -2.4 

0 0 1 0 -2.0 

0 0 1 1 -1.6 

0 1 0 0 -1.2 

0 1 0 1 -0.8 

0 1 1 0 -0.4 

0 1 1 1 +0.0 

1 0 0 0 +0.4 

1 0 0 1 +0.8 

1 0 1 0 +1.2 

1 0 1 1 +1.6 

1 1 0 0 +2.0 

1 1 0 1 +2.4 

1 1 1 0 +2.8 

1 1 1 1 +3.2 

Burst Number Select. These two bits define the number of embedded servo bursts 
per sector. 

BSTSEL1 BSTSELO #of Bursts 

0 0 2 

0 1 3 

1 0 4 
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ADC LSB DATA REGISTER 

Address: 2 
Access: Read/Write 
Reset: Bit 5, 6, 7 only 

Register contents when Written: 

BIT NAME DESCRIPTION 

0-4 Unused. 

5 SLEEP Power-down Mode Enable. When set HIGH, the device is in the sleep mode where 
all analog circuitry are de-biased, the clock is disabled, and the bandgap 
voltage, reference voltage fault logic and processor interface stay active. 

6 STBEN1 When set HIGH, the analog output of the DAC1 is transferred and held onto 
DACOUT1. 

7 STBEN2 When set HIGH, the analog output of the DAC2 is transferred and held onto 
DACOUT2. 

Register contents when Read: 

Description: After ND conversion, the least significant 2 bits of the 10-bitdigital word is stored into the register. 

0-5 Unused. Logic LOW is provided to these bits. 

6,7 ADCO, ADC1 The LSB 2 bits of the ND converter output in 2·s complement format. 

ADC ADDRESS & MSB DATA REGISTER 

Address: 3 
Access: Read/Write 
Reset: Bits 0, 1, 2, and 3 only 

Description: When Written, the least significant 3 bits of the register define the analog input to the 10-bit ND 
converter. After conversion, the most significant 8 bits of the 10-bit digital word is stored into the register. 

Register contents when Written: 

0 ADC SELO ND Converter Input Select. These 3 bits define the analog input to the ND converter 
1 ADC SEL1 per table below: 
2 ADC SEL2 

BIT2 BIT1 BITO ADC INPUT 

0 0 0 ADCIN1 

0 0 1 ADCIN2 

0 1 0 ADCIN3 

0 1 1 ADCIN4 

1 0 0 BURST1 

1 0 1 BURST2 

1 1 0 BURST3 

1 1 1 BURST4 
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ADC ADDRESS & MSB DATA REGISTER (continued) 

BIT NAME DESCRIPTION 

SSI 32H6520 
Embedded Servo Controller 

3 ADC CALIB When set HIGH, VREF (2.25 volts) is applied to the ND converter input. 

4-7 Unused. 

Register contents when Read: 

0-7 ADC2-9 The MSB 8 bits of the ND converter output in 2's complement. ADC9 is the sign bit. 

DAC1 LSB DATA REGISTER 

Address: 4 
Access: Write 
Reset: 00 

0-5 Unused. 

6, 7 DACO, The LSB 2 bits to the DAC1 in 2's complement. 
DAC1 

DAC1 MSB DATA REGISTER 

Address: 5 
Access: Write 
Reset: 00 

0- 7 I DAC2-9 The MSB 8 bits to the DAC1 in 2's complement, DAC9 is the sign bit. 

DAC2 LSB DATA REGISTER 

Address: 6 
Access: Write 
Reset: 00 

0-5 Unused. 

6 DACO, The LSB 2 bits to the DAC2 in 2's complement. 
7 DAC1 

DAC2 MSB DATA REGISTER 

Address: 7 
Access: Write 
Reset: 00 

0-7 DAC2-9 The MSB 8 bits to the DAC2 in 2's complement. DAC9 is the sign bit. 
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PIN DESCRIPTION 

POWER SUPPLIES 

NAME DESCRIPTION 

VPA Analog +5V supply. 

VPD Digital +5V supply. It must be shorted to analog +5V supply externally. 

VNA Analog ground. 

VND Digital ground. It must be shorted to analog ground externally. 

PSALT Alternate Voltage Supply to power the voltage fault logic during a voltage fault. This 
power supply should be taken from the system +SV supply through a Schottky diode and 
be connected to a capacitor, which is used to hold up PSAL T briefly during a voltage fault. 

EMBEDDED SERVO BURST PROCESSOR 

NAME TYPE DESCRIPTION 

SERIN I Servo Burst Input -Full-wave rectified analog signal generated from a read 
data channel. This input is to extract the position information from 
embedded servo bursts. 

SE REF I Servo Burst Reference - A DC reference level for the full-wave rectified 
analog signal SERIN. 

INTEG I Pulse Area Detector Enable - This TTL compatible input, when HIGH, 
activates the pulse area detectors. 

INTAZ I Integrator Capacitor Reset - This TTL compatible input, when HIGH, 
discharges the holding capacitors, Cint. 

VOLTAGE FAULT DETECTION 

PSV I Fault Voltage Comparator Input - A voltage input for the low voltage 
comparator. This input should be connected to an external resistor divider. 
The resistor divider divides its corresponding supply voltage to a proper 
value which is comparable with the internal voltage reference at 2 .25 volts. 

VREF 0 VREF Output - A buffered voltage reference at 2.25 volts. 

IBR 0 Pin for connection to an external resistor {from GND) to establish a 
reference current for bias currents required for analog circuits. 

VFAULT 0 Voltage Fault Indication -An open-drain output which is pulled HIGH when 
a supply voltage fault is detected. 

SYSRST 0 Reset Output - An open-drain output which is pulled LOW with an amount 
of delay determined by an external RC connected to the pin RCRSTwhen 
a supply voltage fault is detected. 

RCRST 0 Pin for connection to an external RC to implement the 
delay of active LOW SYSRST. 
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MICROPROCESSOR/DSP BUS INTERFACE 

NAME TYPE DESCRIPTION 

ALE I Address Latch Enable - Falling edge latches the register address from the 
ADO - AD7 address/data bus. 

ASE I Address Strobe Enable - When set LOW, this input enables ALE input to 
the device. 

cs I Chip Select - Active LOW signal enables the device to respond to µP read 
or write. 

WR I Write Strobe - In Intel µP applications, active LOW signal causes the data 
on the address/data bus to be written to the addressed register if CS is also 
active. 

RD I Read Strobe - In Intel µP applications, active LOW signal causes the 
contents of the addressed register to be placed on the address/data bus 
if CS is also active. 

-

ADO -AD7 1/0 Address/Data Bus - 8-bit bus which carries register address information 
and bidirectional data. These pins are in the high impedance state when 
not used. 

BUSMODE I Mode Select - When active HIGH, Intel bus interface is selected. Other-
wise, Motorola bus interface is selected. For DSP interface, when 
DSPMODE set HIGH, this input is redefined as XFER/SEL. 

INT 0 Interrupt Strobe - An open-drain output which signals the µP to respond 
to the device. It is released when all pending interrupts have been serviced 
by the µP. 

DSPMODE I DSP Mode Select - When active HIGH, DSP bus interface is selected. 

SYSCLK I System Clock Input - A TTL compatible input for the system clock which 
is divided down with a prescaler to generate internal timing signals. 

DATA ACQUISITION 

DACOUT1 0 DAC 1 Output - A 10-bit DI A output which converts a digital word from the 
µP into an analog signal. 

DACREF1 I DAC1 Output Reference - An external analog input to be provided to 
DAC1 as a reference voltage for DACOUT1. 

DACOUT2 0 DAC2 Output - A 10-bit DI A output which converts a digital word from the 
µP into an analog signal. 

DACREF2 I DAC2 Output Reference - An external analog input to be provided to 
DAC2 as a reference voltage for DACOUT2. 

ADCIN1 I External AID inputs. 
ADCIN2 
ADCIN3 
ADCIN4 

ADCSH I AID Analog Sampling Input Strobe - A TTL compatible control signal. 
During active HIGH, four track/hold amplifiers prior to the AID converter 
will sample external AID analog inputs. 
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DATA ACQUISITION (continued) 

NAME TYPE DESCRIPTION 

ADCSTR I ND Conversion Start Strobe - A TIL compatible control signal whose 
rising edge triggers the start of the ND conversion. 

AUXINP I Level Shifter Noninverting Input - Noninverting input to the level-shifting 
amplifier. 

AUXINM I Level Shifter Inverting Input - Inverting input to the level-shifting amplifier. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect device reliability. 

SYMBOL PARAMETER RATING UNIT 

VDD Supply voltage applied at -0.3to 7.0 v 
VPA,VPD 

GND Signal ground applied at 0.0 v 
VNA, VND 

PSALT Supply voltage applied at PSAL T -0.3to 7.0 v 
VIND Digital input voltages -0.3 to VDD+0.3 v 
VINA Analog input voltages -0.3 to VDD+0.3 v 
Tstg Storage temperature -65 to 150 oc 
Tl Lead temperature (1 O seconds) 300 oc 

RECOMMENDED OPERATING CONDITIONS 

The recommended operating conditions fort he device are indicated in the table below. Performance specifications 
do not apply where the device is operating outside these limits. 

SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT 

VDD Supply voltage 4.75 5.25 v 
applied at VPA, VPD 

GND Signal ground 0.0 0.0 v 
applied at VNA, VND 

PSALT Supply voltage 3.0 6.0 v 
applied at PSAL T 

TA Ambient temperature 0.0 70.0 oc 
Fe System clock -0.01 +0.01 % 

(16MHz, Max) 

Tc System clock duty 40 60 % 
cycle 
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RECOMMENDED OPERATING CONDITIONS (continued) 

SYMBOL PARAMETER CONDITIONS 

CLOAD Capacitive load on 
digital outputs 

RBIAS Bias resistor (113 k.Q) 

DC CHARACTERISTICS 

SSI 32H6520 
Embedded Servo Controller 

MIN NOM MAX UNIT 

- 100 pF 

-1 +1 % 

The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. Positive current is defined as entering the device. Minimum and 
maximum are based upon the magnitude of the number. 

100 Supply current VOD = 5.25V 
Normal mode - 20 mA 
Sleep mode - 2 mA 

Voh Output logic "1" loh = -0.4mA 2.4 - v 
voltage VOO = 4.75V 

Vol Output logic "O" lol = 1.6mA - 0.4 v 
voltage VOO = 4.75V 

Vih Input logic "1" VOD = 4.75V 2.0 - v 
voltage 

Vil Input logic "O" VDD = 4.75V - 0.8 v 
voltage 

lih Input logic "1" Vih = 5.25V - 10 µA 
current VOD = 5.25V 

.-t--
Iii Input logic "O" Vil= 0.0 - -10 µA 

current VDO = 5.25V 

Cin Input capacitance - 10 pF 

FUNCTIONAL CHARACTERISTICS 

EMBEDDED SERVO BURST AMPLITUDE PROCESSOR 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

SERIN with respecet to GND 1.0 - VOO v 
SEREF with respecet to GND 1.0 3.0 v 
SERIN input voltage Servo gain = -2.8 dB 0.0 - 1.5 Vp 
swing with respect to SEREF Servo gain = O dB 0.0 - 1.0 Vp 

Servo burst frequency 1.0 - 5.0 MHz 

Input impedance at 40 - - kQ 

SERIN, SEREF - - 10 pF 

Burst integration period Integrates to within 1% of 1.0 µs 
final value 
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FUNCTIONAL CHARACTERISTICS (conditions) 

VOLTAGE REFERENCE AND VOLTAGE FAULT CIRCUIT 

PARAMETER 

VPA voltage for SYSRST 
& RCRST in operation 

On resistance at RCRST 

RCRST input threshold 

IBR voltage with respect to VREF 

VREF voltage 

VREF trimming steps 
TRIM1='0' TRIMO='O' 
TRIM1='0' TRIM0='1' 
TRIM1='1' TRIMO='O' 

PSV comparator offset 

DATA ACQUISITION 

AID Convener 

PARAMETER 

ADCIN full-scale voltage 
with respect to VREF 

Resolution 

Acquisition time 

Conversion time 

LSBvoltage 

DHferential nonlinearity 

D/A Convener 

DAC full-scale voltage 
with respect to DACREF 

Resolution 

Conversion time 

LSBvoltage 

DHferential nonlinearity 

DACREF1, DACREF2 

DACOUT1, DACOUT2 

CONDITIONS 

PSALT=4V 

111 <10µA 

relative to 
TRIMO=TRIM1='1' 

CONDITIONS 

6-162 

MIN 

-

-
-
-
-
-

-

-
-
-
-

1.5 

0.5 

MIN NOM MAX UNIT 

2 - 5.25 v 

- - 600 n 
0.8 - 1.2 v 
-20 - 20 mV 

2.14 - 2.36 v 

- -30 - mV 
- +70 - mV 
- -90 - mV 

-15 - 15 mV 

NOM MAX UNIT 

± (VREF/2) - v 

10 - Bits 

- 1.0 µs 

- 2.5 µs 

VREF/1024 - v 
- ±0.5 LSB 

±(VREF/2) - v 

10 - Bits 

- 5.0 µs 

VRE.F/1024 - v 
- ±0.5 LSB 

2.25 v 
3.375 v 
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Intel Microprocessor Interface Timing 

SSI 32H6520 
Embedded Servo Controller 

The following timing specifications are applied when an Intel bus interface is selected by pulling the BUSMODE 
pin to logical HIGH and the DSPMODE pin to logical LOW. Timing measurements are made at 50% VDD with 
100 pF load capacitances for all pins, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT 

tALPW Pulse width, 45 - ns 
ALE HIGH 

tAs Muxed address valid 7.5 - ns 
time to ALE fall 

tAH Muxed address hold 20 - ns 
time after ALE fall 

tDDR Read data delay time - 60 ns 
from RD fall 

tDHR Read data hold time 0 50 ns 
after RD rise 

tRDPW Pulse width, RD LOW 75 - ns 

tosw Write data setup time 40 ns 
to WR rise 

tDHW Write data hold time 10 - ns 
after WR rise 

twRPW Pulse width, WR LOW 50 - ns 

tRWD RD or WR delay time 25 - ns 
from ALE fall 

·---
tcss CS setup time prior to 0 - ns 

ALE fall 

tcsH CS hold time after RD 0 - ns 
or WR rise 

tASES ASE setup time prior 45 - ns 
to ALE fall 

tASEH ASE hold time to 0 - ns 
ALE fall 
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Motorola Microprocessor Interface Timing 

The following timing specifications are applied when a Motorola bus interface is selected by pulling the 
BUSMODE pin to logical LOW and the DSPMODE pin to logical LOW. Timing measurements are made at 50% 
VDD with 100 pF load capacitances for all pins, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT 

tASPW Pulse width, AS HIGH 45 - ns 

tAs Muxed address valid 7.5 - ns 
time to AS fall 

tAH Muxed address hold 20 - ns 
time after AS fall 

tooR Read data delay time - 100 ns 
from OS rise 

toHR Read data hold time 0 50 ns 
after OS fall 

tosPWR Pulse width, OS HIGH 100 - ns 
during READ 

tosw Write data setup time 60 - ns 
prior to OS fall 

toHW Write data hold time 10 - ns 
after OS fall 

tosPWW Pulse width, OS HIGH 100 - ns 
during WRITE 

tASDS OS delay time from 25 - ns 
AS fall 

tASRW R/W delay time from 25 - ns 
AS fall during WRITE 

tRWH R/W hold time after 0 - ns 
OS fall during WRITE 

tcss CS setup time prior 0 - ns 
to AS fall 

tcsH CS hold time after 0 - ns 
OS fall 

tASES ASE setup time prior 45 - ns 
to AS fall 

tASEH ASE hold time 0 - ns 
after AS fall 
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DSP Interface Timing 

SSI 32H6520 
Embedded Servo Controller 

The following timing specifications are applied when a DSP bus interface is selected by pulling the DSPMODE 
pin to logical HIGH. Timing measurements are made at 50% VDD with 100 pF load capacitances for all pins, 
unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT 

tALPW Pulse width, 75 - ns 
XFER/SEL LOW 

tALHW XFER/SEL hold time 0 - ns 
after WR rise 

tooR Read data delay time - 60 ns 
from REN fall 

toHR Read data hold time 0 50 ns 
after REN rise 

tRDPW Pulse width 75 - ns 
REN LOW 

tosw Write data setup time 40 - ns 
prior to WR rise 

toHW Write data hold time 10 - ns 
after WR rise 

twRPW Pulse width, WR LOW 50 - ns 

tcssw CS setup time 25 - ns 
prior to WR 

tcssR CS setup time prior 0 - ns 
to REN 

tcsH CS hold time after 0 - ns 
REN or WR rise 
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INTAZ 
11NT 1NON ,.. ..,. ..1 

INTEG------'I L_j~--~L__j 

INT1-----~ 

INT2-----------~ 

INT3-----------------~ 

INT4------------------------' 

BURST READY------------------------------' 

FIGURE 1: Embedded Servo Burst Processor Timing Diagram 

ALE 

ASE----~ 

AD(0:7) 
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1ALPW 

RD ---------+-----------~ 

cs ----~ 1"'1----~ 

AD(0:7) 
(WRITE) 

WR" ---------+-------------,. 

1DDR 1DHR 

1RDPW 

1osw 1oHw 

1WRPW 

FIGURE 2: Intel Microprocessor Bus Interface Timing Diagram 
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IASPW 

1ASES 1ASEH 

ii!!!: -----1 

IAH 

AD (0:7) -----c 
(READ) I'--+---' I 

~---, 

A0(0:7) -----«: 
(WRITE) ~--+--~ I 

IASDS 

1ASDS 

SSI 32H6520 
Embedded Servo Controller 

1osPWR 

1osw 1DHW 

1osPIVW 

OS -------1---------'I 

FIGURE 3: Motorola Microprocessor Bus Interface Timing Diagram 
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1ALHW 1WRPW 
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FIGURE 4: TMS320XX Bus Interface Timing Diagram 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

VPA 

ADCIN1 

ADCIN2 

ADCIN3 

ADCIN4 

VREF 
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PSALT 

VFAULT 

SYSRST 

~ 

VNA 

SEREF 

SERIN 

INTEG 
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ADC SH 

ADCSTR 

SYSCLK 

VND 

DSPMODE 

44 

2 43 

3 42 

4 41 

5 40 

6 39 

7 38 

8 37 

9 36 

10 35 

11 34 

12 33 

13 32 

14 31 

15 30 

16 29 

17 28 

18 27 

19 26 

20 25 

21 24 

22 23 

44-Pin SOM 

AUXINM 

AUXINP 

DACREF2 
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m5 
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BUSMODE 

ALE 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The 32H681 O combines the head positioning and 
spindle motor electronics with internal power FETs. It 
also provides voltage fault logic and over-temperature 
protection. 

The positioner section serves as a transconductance 
amplifier by driving 4 internal FETs in an H-bridge 
configuration and performs motor current sensing. 
Class B operation is guaranteed by crossover protec­
tion circuitry, which ensures that only one FET in each 
leg of the H-bridge is active. It also offers over-tem­
perature protection by disabling the output FETs. In 
addition, automatic head retraction may be initiated by 
a low voltage condition or upon external command. 

SSI 32H6810 
5V Servo & 

Motor Speed Drivers 

t!U I' "ii mt.1'' ·k'''·' h 
September 1991 

The (Spindle) Motor Commutator in conjunction with 
external components, provides the motor driving capa­
bility for starting, accelerating, and rotational speed 
regulation forbrushless DC motors withoutthe need for 
Hall sensors. Control is accomplished via five pins 
(plus 2 optional pins INCOM & UNIPOLAR) and opera­
tion is monitored via three pins (plus optional pin 
REVCLK). The speed regulation control loop is com­
pleted with a microprocessor or signal processor exter­
nal to the SSI 32H6810. 

Motor speed control may be accomplished by measur­
ing the period of the output signal COMMU. Motor 
armature position is determined by monitoring the coil 
voltage of the winding that is not presently being driven 
by the drivers. The back-emf from the coil in conjunc­
tion with the state of the output drivers, indicates 
armature position. 

BLOCK DIAGRAM 
VPA VNA SE1 SE2 VVMP VVMN1, 2 VAETRACT 

SOUT 

VREF 

ERRM 

SWON 

SWIN 

ERR 

UNfPC.5i:AR 

COM MU 

REVCLK 

ADVANCE 

INCOM 

SYSCLK 

llAAKE 

= 
SLEEP 

SYS AST 

= 

VCHK VBGAP IBR VPD VND THTEST 
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DESCRIPTION (continued) 

The back emf is compared to a reference (CT) and 
initiates commutation "events" when the appropriate 
comparison is made. (Commutation is the sequential 
switching of drive current to the motor windings.) Be­
cause the back-emf comparison event occurs prior to 
the time when optimum commutation should occur, it is 
preferred to delay commutation by a predetermined 
time after the comparison. The commutation delay is 
provided by circuitry which measures the interval be­
tween comparison events and delays commutation by 
a time equal to 3/7 of the prior measured interval. The 
circuit is adaptive and will provide the optimum delay 
for a wide range of motor speeds (-80% to +50% of 
nominal). Since the commutation of motor coils typi­
cally causes transients, the commutation delay circuit 
also provides a noise blanking function which prevents 
response to back-emf comparison events for a period 
of time equal to 417 of the interval (between events) 
after the comparison event. The commutation states 
are given in Table 1. 

Input pin VIN is the non-inverting input of a linear 
transconductance amplifier which uses the lower driver 
transistor that is presently active per the commutation 
state as the power driver element. An external resistor 
Rsense is used to sense the current in the drive 
transistor source VSMN (and hence the motor coil 
current). The voltage across the sense resistor is 
amplified by a gain stage (Av = 5) and fed to the 
inverting input of the transconductance output stage. 

The output pins A, B, and Care intended to drive motor 
coils directly. The output drivers operate to reduce 
switching noise transients by limiting dv/dt during com­
mutation. Each output consists of two n-channel 

TABLE 1: Commutation States 

STATE COM MU A 

0, (Reset state) 0 off 
1 1 off 
2 0 off 
3 1 on 
4 0 on 
5 1 off 

(1) B is off in reset state, see text. 

MOSFET drivers, one for pull-up to VSMP and one 
for pull-down to VSMN. The pull-up looks like a switch 
(1.5 n maximum) with voltage rise and fall times of 
about 25 microseconds. The pull-down transistor is 
part of the transconductance amplifier which converts 
VIN into motor current (!motor = VIN/(Rsense • 5) ). 
When the pull-down output is commutating to the "off" 
state, dv/dt is controlled such that dv/dt is approxi­
mately 1.5E1 O/Rramp volts per second. 

Motor starting is accomplished by a companion micro­
processor utilizing ADVANCE, SLEEP, BRAKE and 
COM MU. The microprocessor can control SLEEP and 
BRAKE to initialize the commutation counter and then 
increment the counter with ADVANCE. Reset with 
SLEEP = low and BRAKE = low then enable with 
BRAKE= high (power-up condition and preparation to 
begin a starting sequence), the commutation state will 
be state O per Table 1, but lower driver output B 
remains inactive to prevent current flow through the 
motor (out of A which is "high"). On the first ADVANCE 
set high, commutation state 1 is selected and the 
drivers are per Table 1. ADVANCE at logic high ex­
cludes internal commutations. COM MU provides feed­
back to the microprocessor on motor activity. 

Seven operating conditions are selected via BRAKE, 
SLEEP and RETRACT (when VPA is present) as 
indicated by Table 2. If VPA is not present (VCHK < 
VBGAP), power for the braking circuitry during retract 
and spin-down is provided by the charge stored on an 
external capacitor on pin VBYP1 , power for the retract 
circuitry is provided by the back emf voltage and the 
retract circuitry itself is driven by charge stored on the 
capacitor between VBYP1 and VBYP2. 

Pull-Downs Pull-Ups 
B c A B c 

on (1) off on off off 
off on on off off 
off on off on off 
off off off on off 
off off off off on 
on off off off on 
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TABLE 2: Operating Mode COntrol 

VCHl<>VBGAP SLEEP BRAR£ RETRACT CONDITION ANALOG COUNTERS POSITION ER A,B,C 

0 x 1 x Power Fault Off Reset Retract Float 

0 x 0 x Power Fault Off Reset Retract LowZ 
toGND 

1 1 1 1 Sleep Off Active Float Float 

1 1 0 1 Sleep/Brake Off Active Float LowZ 
toGND 

1 1 x 0 Sleep/Retract Off Active Retract Float 

1 0 0 x Brake/Retract Off Reset Retract LowZ 
toGND 

1 0 1 0 Retract On Active Retract Active 
(Spindle Run) 

1 0 1 1 Run On Active Active Active 

x x x x Thermal Off Active Float Float 
Shutdown 

NOTES: 
1. BRAKE internally linked to force retract. 
2. Voltage fault circuit is never turned off. 

The circuit also provides an over temperature detection function. If the die temperature exceeds 135°C 
(approximately), OTSD is asserted low and all output drivers are turned off. The drivers will become operative after 
the temperature is reduced and ADVANCE is asserted high. 

PIN DESCRIPTION 

POWER SUPPLIES 

NAME TYPE DESCRIPTION 

VPA I Supply: Analog positive power supply. 

VNA I Ground: Analog ground. 

VPD I Supply: Digital positive power supply. 

VND I Ground: Digital ground. VND is circuitry ground and also the low side input 
to the current SENSE amplifier and thus care should be taken to see that 
VND and the low side of the external Rsense resistor are at the same 
potential. 

VVMP I Supply: Positve supply for voice coil motor. 

VVMN1, VVMN2 I Supply: Negative supply for voice coil motor. 
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PIN DESCRIPTION 

POSITION ER 

SWON I Turns on the switch between ERRM and SWIN. 

SWIN I Analog switch, the other side of the switch is connected to ERRM. 

SOUT 0 The current sense amplifier ou!e_ut. SOUT is referenced to VREF. 

ERR 0 The error amplifier output. ERR is used to provide compensation to the 
transconductance loop. ERR is referenced to VBGAP. 

ERRM I The error amplifier negative input. 

VREF I The reference voltage for the error amplifier and the current sense amplifier. 

VRETRACT I The retract voltage. If left open, the retract voltage will be the default setting. 
This value can be over-ridden by biasing VRETRACT externally. 

VM1 0 Connection for voice coil motor and sense resistor. 

VM2 0 Connection for the other side of voice coil motor. 

SE1, SE2 I Sense voltage on the sense resistor. 

MOTOR SPEED CONTROL 

SYSCLK I System clock (input) pin. SYSCLK is 2.00 MHz and is used to generate 
internal timing signals assuming a nominal 3600 RPM, 8-pole motor 
environment. 

COMMU 0 Commutation count pin. COMMU is the LSB of the commutation counter. 

UNIPOLAR I Unipolar mode (inverse) select pin. This pin will turn all upper drivers off 
when low. Pulled high internally to provide the default bipolar mode. 

ADVANCE I Advance pin. ADVANCE is controlled by microprocessor during start mode 
to increment the commutation counter. The rising edge of ADVANCE will 
incrementthe counter. ADVANCE held high will inhibit internal incrementing 
of the counter, ADVANCE held low permits the normal operation of commu-
tation from back-emf events. 

INCOM I Commutation delay control pin. Adaptive commutation delay may be ad-
justed from its nominal value of one half the commutation interval by 
inserting or withdrawing current ot this pin. This should only be done via an 
external control loop which can compensate for the range of internal circuit 
parameter variations. 

VIN I Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with Rsense at VSMN input and the 
gain of the Sense amplifier, transconductance (Gm) will be Gm= Im/VIN= 
1/ (Rsense • 5). 

A,B,C 0 Motor Drive Outputs. These pins provide drive to the motor coils. 
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MOTOR SPEED CONTROL (continued) 

NAME TYPE DESCRIPTION 

CT I Back EMF inputfrom motor coil center tap. Input connected to the center tap 
for sensing generated back emf voltages. It is also derived internally from A, 
B, C through a resistor network (y-connection) .The circuit uses the back-emf 
voltages to determine rotor position and effect commutation. 

RRAMP I Lower driver turn-off dv/dt setting resistor. External resistor from VPD to this 
pin sets the dv/dt slope of the motor coil voltage when the lower drivers are 
commutating to the off state. The dv/dt is given approximately by the 
relationship dv/dt (volts/second) = 1.5 • 1 OE1 O/Rramp. Typical value: 
RRAMP = 200K. 

GAIN I Sense amplifier gain control pin. In normal operation, this pin is tied to high 
to set sense amplifier gain = 5. In low motor current operation, amplifier 
gain = 1 O can be set by tying this input to low. 

VSMP I Supply: Positive supply for spindle motor. 

VSMN1, VSMN2 I Supply: Negative for spindle motor. Current monitoring sense amplifier (high 
side) input pin and motor current returns to ground. All pins must be 
connected with low resistance circuit board traces. The lower driver 
transistor current (hence motor current) comes out of these pins to Rsense 
resistor to monitor motor current. During normal (at speed} operation, the 
circuit will control the voltage across this resistor (multiplied by the gain of 
5 in the sense amplifier) to match VIN. 

VVMP, VVMN, VSMP and VSMN conductors must be sized In accor-
dance with anticipated motor current. The analog and digital supplies 
should be bypassed separately. VPA and VPD should be shorted 
externally, VNA and VND should be shorted externally. 

MISCELLANEOUS 

VBYP1 I The bypassed power supply. An external voltage for BRAKE and RETRACT 
circuitry. An external capacitor is attached to this pin and an internal circuit 
will charge this pin to VCC. The charge on this capacitor is used by the brake 
and retract function when VCC is removed (power-off). The capacitor must 
hold sufficient charge during the period when VCC is lost while retract is 
taking place (20 to 50 ms) so it will have enough voltage to drive the outputs 
during braking. Very little current is used during power-off braking so that C 
can be chosen from the retract conditions: 

C ;:: Tretract • lvbyp (float mode) I .5 volt 

or approximately: 

C;:: 500E-6 • Tretract 

Thispin is normal.!Y_ a diode dr~ below VPA, rising_ byVBEMF duril}g_retract. 

VBYP2 I The other side of the bypass capacitor connection. This pin is normally at 
VNA, rising to VBEMF during retract. 

VBEMF I Rectified spindle back emf voltage. This voltage drives the internal retract 
FET. 
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PIN DESCRIPTION 

MISCELLANEOUS (continued) 

NAME TYPE DESCRIPTION 

SLEEP I Sleep pin. When asserted high, internal counters and registers are cleared. 
Refer to Table 2. Also forces an internal voltage fault which causes a head 
retract. Disables all output drivers, powers down all other circuitry except the 
over-temperature and voltage fault circuitry. 

RETRACT I Retract (inverse) pin. When asserted low, forces a retract. Refer to Table 2. 

BRAKE I Brake (inverse) pin. BRAKE is used to provide a delay between the initiation 
of fault-induced head retract and motor braking. A capacitor to ground and 
a resistor to SYSRST are selected such that 1 .2 • R • C is equal to the 
maximum time required for retract. Refer to Table 2. 

OTSD 0 Over-Temperature Sense Detect. Excessive die temperature will bring this 
open drain output low. Spindle motor and positioner drivers are disabled 
whenever OTSD is asserted. 

VCHK I Comparator input for power supply monitoring. 

VBGAP 0 An internal voltage reference for use with the power supply monitor com-
parator. 

IBR 0 A resistor is tied from this pin to ground to establish the bias current for 
internal circuitry. 

RCRST 1/0 This pin serves the dual purpose of providing power on reset and stretching 
short VFAUL T pulses to a width suitable for the host microcontroller. An 
external RC network sets the minimum width of any SYSRST pulse. 

SYSRST 0 When low, this open drain output indicates that an internal voltage fault has 
occured or that RESET has been pulled low. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER SYMBOL MIN MAX UNIT 

Supply Voltage VPA, VPD, -0.3 7.0 v 
VVMP, VSMP (1, 2) -0.3 7.0 v 

Output Current lmax (in or out of 0 0.7 Amp 
A, B, C, VM1, VM2) 

Analog 1/0 VIN, RRAMP, -0.3 VPD + 0.3 v 
Voltage on pins CT, A, B, C, VBEMF, -0.3 12.0 v 

VBYP1, VBYP2 

VM1, VM2, SE1, SE2 -0.3 7.0 v 
All other pins -0.3 VPD + 0.3 v 

Storage Temperature Tstg -65 150 oc 
Lead Temperature Tie ad 0 300 oc 
( 10 sec duration) 
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OPERATING CONDITIONS 

PARAMETER SYMBOL 

Supply Voltage VPA,VPD 
VVMP, VSMP 

Supply Current I (VPA + VPD) 

IVVMP 

IVSMP 

I (VPA + VPD + 
VVMP+VSMP) 

Sleep mode 

IVBYP1, braking 

JVBYP1, retract 

VB EMF 

VREF 

VIN 

RF 

RC 

RBIAS 

Ambient Temperature Ta 

Capacitive Load Digital 1/0 Cl 

Analog Outputs Cl 

Resistive Load Analog Outputs RI 

Power Dissipation Pd 

PARAMETRIC REQUIREMENTS 

Digital Input/Output 

PARAMETER CONDITIONS 

Fclk, SYSCLK 

Twh, Twl, SYSCLK width 
high or low 

Input Leakage 

Vil (SYSCLK, ADVANCE) 

Vih (inputs above) 

Vil (RCRST, BRAKE, SLEEP, 
RETRACT, UNIPOLAR, 
SWON) VM ;e: 4.5V 

Vih (RCRST, BRAKE, SLEEP, 
RETRACT, UNIPOLAR, 
SWON) VM ;e: 4.5V 

0991 6-175 

MIN 

4.5 
4.5 

1.0 

0.5 

0 

10 

10 

112 

0 

0 

0 

10 
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MAX UNIT 

5.5 v 
5.5 v 
26.0 mA 

0.5 A 

0.5 A 

1.0 mA 

5.0 µA 

0.25 mA 

10.0 v 
VPA-2 v 

2.5 v 
kQ 

kQ 

114 kQ 

70 oc 
100 pF 

50 pF 

kQ 

500 mW 

MIN NOM MAX UNIT 

1.998 2.002 MHz 

40 ns 

10 µA 

0.8 v 
2.0 

0.8 v 
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ELECTRICAL SPECIFICATIONS (continued) 

Digital Input/Output (continued) 

PARAMETER CONDITIONS 

Output Sink current Vo=0.4V 
RCRST, OTSD 

SYSRST Vo= 0.4V 

Digital Output COMMU I Voh lout= -100 µA 

lout= 2.0 mA Vol 

VIN 

I input Current 0::;; Vin< 2.5V 

Outputs A, B, C 

Routup Output in high state, 
VPD= 4.75V 

Routlow Output driving low, 
VPD = 4.75V 

VSMN1, VSMN2 

Vin, VSMN1, VSMN2 Normal operation 
lin, VSMN1, VSMN2 0.0::;; Vin< 1.0 volt 
Cin 

MIN NOM MAX UNIT 

1.6 mA 

4.0 mA 

2.4 v 
0.4 v 

-1 +1 µA 

1.5 n 

1.0 n 

0.0 0.50 v 
-10 +10 µA 

20 pF 

Transconductance gain from VIN to motor current (steady-state) will be given by: G = !motor/VIN = 1/ 
(Rsense • 5) 

CT, And A, B, C, When Not Driving I ~:~ 1-0.3V::;; Vin< 10V 30k 

20 pF 

VBYP1 

IVBYP1 (run) VPD= 4.5V 0.25 mA 

IVBYP1 (float) VPD::;; 0.5V 0.25 mA 

IVBYP1 (brake) VPD::;;0.5V 0.25 mA 

BEMF 

IBEMF TBD mA 

IBEMF (sleep) TBD mA 

IBEMF (retract) I (VM1) =I (VM2) = 0 TBD mA 

SOUT 

Gain 3.9 4.1 VN 
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SOUT (continued) 

PARAMETER CONDITIONS 

Input Offset SOUT= VREF 

Output Swing 

ERR 

ERRM Input Offset ERR= ERRM 

ERR Output Swing 

POSITIONER 

(VM1 - VM2) I (ERR - VBGAP) 

Crossover Time I motor= 10 mA 
pp 1kHz 

Output Distortion I motor = 10 mA 
pp 1kHz 

VBGAP 

Bandgap Voltage 

VCHK 

Offset 

OUTPUT VM1, VM2 

Routup Output in low 
state, VM = 4.75V 

Rout low Output in high 
state, VM = 4.75V 

SWIN 

On Resistance 

RETRACT 

VRETRACT Retract mode 
Input Impedance 

VRETRACT (retract mode) VBEMF = 1.0V 
open circuit voltage VBEMF = 1.5V 

VBEMF = 3.0V 
VBEMF =4.5V 

OTSD (Thermal Shutdown) 

Die temperature 
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MIN NOM MAX UNIT 

-3 3 mV 

0.15 VP-1 v 

-10 10 mV 

1.55 VP -1.25 v 

11 13 v 
45 µs 

2 %THD 

2.13 2.37 v 

-15 15 mv 

1.5 n 

1 n 

250 

25 kQ 

0.4 0.9 v 
0.4 1.0 v 
0.5 1.2 v 
0.6 

125 145 oc 
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PACKAGE PIN DESIGNATIONS CAUTION: Use handling procedures necessary 
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SERVO DESIGN EXAMPLE 

The application of the SSI 32H6220 dedicated servo 
controller, SSI 32H569/32H6230 H-bridge predriver, 
and SSI 32H6210 servo demodulator chips require 
both discrete component determination and micropro­
cessor programmed register values. This section 
provides as a design example, a systematic method of 
determining both the discrete components and pro­
grammable values required in implementing a fully 
functional track and seek head positioning servo. This 
example makes use of an available Silicon Systems' 
program named SERVO CALC which runs on the PC/ 
XT or PC/AT compatible personal computer. The 
program provides an interactive enviroment for enter­
ing target specifications, systematically proceeding 
through the design, and automating the calculation of 
components and programmable values. The program 
provides various tools for system performance review 
such as velocity profile plots, open and closed loop 
Bode plots, step response plot, mechanical resonances 
and notch filter effects. 

100 
J_ 

90 -! 
80 t± 

~ 
70 ± 
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Servo Applications Note 

SPECIFY SEEK PERFORMANCE 
REQUIREMENTS 

December 1991 

Specifying the average seek time, total number of 
tracks for a full length seek, and profile characteristics 
will provide the basis for determining a precise head 
velocity profile. Profile characteristics specify the rela­
tionship between acceleration and deceleration under 
different conditions. The ratio of deceleration time plus 
settling time all divided by the acceleration time pro­
vides the profile characteristic "R." The number of 
tracks traveled in ''triangular mode" divided by the total 
number of tracks for a full length seek provides the 
profile characteristic "BETA." These two profile char­
acteristics may be used along with a modified square 
root law to determine a velocity profile which will result 
in satisfying the specified average seek time. 

As an example, specify as design goals: 
Linear actuator 
1400 TPI for a G2 of 55,860 Tracks/Meter 
1000 total cylinders 
Average access time of 15 ms 
30 gram actuator mass 
R = 1.2 and BETA= 0.4 

_l_ 

-! 
1 
1 

>- 60 
:i:: -1 1 J 1/3 track ]Full track~ 
0 

50 .S2 
GI 
> 40 ~ 
ca 
GI 

30 Q. 

Jseek Jseek 

t ! [ 

t l! -! 
I _l_ _l_ 

20 t -! -! 
10 .L ± 1 T 

_l _l 
0 5 10 15 20 25 30 35 

Time in Milliseconds 

FIGURE 1: Track Seek Profile 
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REVIEW VELOCITY PROFILES 

The deceleration profile may be reviewed and adjusted 
by modifying the square root law which relates profile 
head velocity to the number of tracks left to travel. 
Step-wise increasing the exponent of tracks to go from 
1/2 (square root starting point) will "soften"the decel­
eration approach curve. As the curve softens, ·the 
settling time available decreases. The "R" value may 
be adjusted to match a suitable deceleration curve with 
the required settling time. 

From the profile chosen, the following parameters may 
be determined for our example design: 

Head acceleration of 6, 175, 115 tracks/sec2 

Peak head velocity of 49,699:5 tracks/sec 
200 deceleration tracks required 

8.05 ms of acceleration, 12.08 ms coasting, and 
9.66ms decelerating full seek 

Full seek time 29.8 ms 

Both the average and full length seek profiles are 
shown in Figure 1. 

SPECIFY MOTOR AND LOAD PARAMETERS 

The motor and load parameters must be estimated and 
specified so that the power required to meet the veloc­
ity profile chosen may be computed and compared 
against design goals. G 1 is preamplifier gain and is not 
dependent upon motor or load parameters. G1 is fixed 
at 6 VOLTS/TRACK when using the SSI 32H6210. 
The motor resistance will introduce both a power loss 
and a voltage drop which must be considered. The two 
motor systems, namely linear and rotary, require differ­
ent units of specification. 

Linear Motor Specifications 

G2 transport constant in Tracks/Meter 

J mass in KG (kilograms) 

Km motor constant in NIA (newton/amps) 

Rotary Motor Specifications 

G2 transport constant in Tracks/Rad 
J inertia in KG m2 (kilograms meter squared) 

Km motor constant in (N • m/A) 

Optionally, Km may be computed from the head veloc­
ity profile based on a specified maximum motor current 
IPEAK. The two specifications of IPEAK and Km are 
interrelated. 

For our example, 
IPEAK is 1 Amp and Km is calculated 

Rm=3.80 

Rs =0.2'1 

REVIEW MOTOR VOLTAGE, POWER AND Km 
From the motor and load specifications, the required 
peak current needed to satisfy the chosen head veloc­
ity profile may be calculated. Using the transport 
constant G2, the back EMF of the motor may be 
calculated at peak head velocity and added to the the 
voltage drop across the motor resistance Rm and 
sense resistor Rs. The total voltage required by the 
motor may be compared to the available driver voltage. 
Peak motor power may be computed and compared to 
design goals. If Km was calculated from a specification 
of IPEAK, the resulting value of Km may be compared 
against that actually attainable in the motor design. 
Adjustment of Km and IPEAK may be made to both 
satisfy the average seek time specification and general 
design goals. 

For this example: 

Km was calculated to be 3.316 N/ A 

Peak drive voltage required is 6.95V including the 
voltage across Rs 

Peak coil input power is 6.75 Watt 

Coil dissipation 3.8 Watt 

SPECIFY POWER AMPLIFIER COMPONENTS 

The power amplifier is shared by both the track follow­
ing and seek servo control loops. The determination of 
DC gain for the power amplifier for seek will also 
determine some components shared with the track 
following servo. Referring to the example schematic of 
the SSI 32H6210/6220/6230, RS, RF and the sum 
resistance of RINV1 and RINV2 (RINV) may be deter­
mined. Choosing RF to be an initial nominal value such 
as 1 o,ooon and choosing RS as some small resis­
tance such as 0.2'1 provides good starting points. 
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The DC power amplifier gain for the seek servo is 
calculated from the peak current required to satisfy the 
peak velociyy of the velocity profile and the full scale 
target DAC output voltage. A motor current limit may 
be implemented when using the SSI 32H6230 by 
connecting the CLAMP pin to ERR-through the RINV1 
and RINV2 network as shown on the schematic. The 
limit voltage is programmable by setting the voltage at 
the 6230 VLIM pin. It is necessary to choose the limit 
current higher with tolerance margin above that current 
required to meet the maximum head velocity from the 
velocity profile. 

In the example, 

RINV total should be 5062.5'1 

RF is specified as 10,0000 

CHOOSE DIFFERENTIATOR AND VELOCITY 
LOOP GAINS 

The differentiator within the SSI 32H568 or 32H6220 
provides a programmable cornerfrequency determined 
by servo frame rate and the two bit register ND. Having 
determined the maximum head velocity from the veloc­
ity profile and knowing the transport constant and servo 
frame rate, the maximum output voltage from the 
differentiator may be calculated. 

The output of the differentiator is amplified by the 
velocity amplifier A3 and the programmable gain stage 
set by NVG. The velocity loop gain from the output of 
the differentiator to the feed back summing junction of 
the target DAC must be set so that the peak differen­
tiator output voltage will result in zero VE voltage 
(relative to VREF) when the target DAC is at its full 
range of 255. Choosing a nominal NVG setting of 10 
and selecting an ND which does not exceed the am­
plitude limit of the differentiator itself, will result in the 
calculation of the necessary gain in A3. The seek 
velocity feedback may be fine tuned by adjusting the 
gain of NVG as indicated in drive self-calibration. 

For the example, the programmable registers are: 

1291 -rev. 

NVG is 1 O decimal 

ND will be 2 for a frame rate of 250 kHz 
Gain of A3 will be 1.96 so that (RV4/RV3) = 1.96; 
If RV4 = 19.6K, then RV3 = 10K 

RV1 and CV1 will not be used in this example 
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GENERATE TARGET PROFILES 

The seek servo velocity loop is closed within the SSI 
32H6220. The implementation of the velocity profile is 
commanded by the supporting microprocessor. The 
microprocessor commands target velocities by writing 
to the target DAC. The necessary DAC values may be 
derived from the velocity profile. The acceleration DAC 
value is determined from the peak head velocity in the 
velocity profile. The microprocessor writes the accel­
eration target velocity to the target DAC and monitors 
track crossings determining when to begin decelera­
tion. Once the head has moved past the deceleration 
corner, the microprocessor will write the deceleration 
target velocities to the target DAC usually track by track 
thereby following the head velocity down to the transi­
tion point into track following. The number of table 
entries making up the deceleration table can be found 
from the profile data discussed in the earlier section, 
Review Velocity Profiles. 

A fill table may be generated corresponding to the 
target velocity table. The fill table is usually only a few 
entries long. The fill table values are computed from 
the position error voltage available at FP1 and the step 
in target DAC voltage for the last few deceleration 
velocity targets. The fill value programs the gain of the 
fill amplifier which subtracts from the velocity error a 
portion of the position error signal. This subtraction of 
position error from the velocity error has the effect of 
smoothing the velocity error voltage at VE when the 
head is moving slowly and tends to insure that the head 
will move towards the center of the target track prior to 
switching on track following. 

The 20 element fill value table resulting for the example 
is shown below in Table 1. '1" is the target track. 

Target Track Lineup 

t-0: 12 t-1 O: 2 
t-1: 5 t-11: 1 
t-2: 4 t-12: 2 
t-3: 3 t-13: 1 
t-4: 3 t-14: 2 
t-5: 3 t-15: 1 
t-6: 3 t-16: 1 
t-7: 2 t-17: 1 
t-8: 2 t-18: 2 
t-9: 2 t-19: 1 

TABLE 1 
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The velocity target DAC values for the example are listed below in Table 2, ordered as the number of tracks 
remaining to go, ie: "t-n": 

t·O t-20 t-40 t-60 t-80 t-100 t-120 t-140 t-160 t-180 
0 81 114 140 161 180 198 213 229 243 
18 83 115 141 162 181 198 214 229 243 
25 85 117 142 163 182 199 215 230 244 
31 86 118 143 164 183 200 216 231 245 
36 88 120 144 165 184 201 217 232 245 
40 90 121 145 166 185 202 218 232 246 
44 92 122 146 167 186 202 219 233 247 
48 94 124 148 168 187 203 219 234 247 
51 95 125 149 169 187 204 220 234 248 
54 97 126 150 170 188 205 221 235 249 
57 99 127 151 171 189 206 222 236 249 
60 100 129 152 172 190 206 222 236 250 
62 102 130 153 173 191 207 223 237 250 
65 104 131 154 174 192 208 224 238 251 
67 105 132 155 175 193 209 224 239 252 
70 107 134 156 176 193 209 225 239 252 
72 108 135 157 177 194 210 226 240 253 
74 110 136 158 178 195 211 227 241 254 
76 111 137 159 178 196 212 227 241 254 
79 113 138 160 179 197 213 228 242 255 

TABLE2 

POWER AMPLIFIER COMPENSATION 

Components RL2 and CL3 set the bandwidth of the 
power amplifier. Specifying motor inductance Lm and 
power amplifier bandwidth BW while having deter­
mined RF, Rm, and Rs from seek requirements pro­
vides the means for calculating CL3 and RL2. 

For the example, 

Power amplifier bandwidth is specified as 1 O kHz 

Lm is specified as 1 mH 

CL3 is calculated to be 0.005 µF 

RL2 is calcuated to be 47 kn 

TRACK FOLLOWING GAIN 

Both the track following and seek loops share many of 
the power amplifier gain setting components. Having 
determined RINV, RF and Rs from velocity profile 
requirements, the track following power amplifier gain 
KP is determined entirely by RINP. The track following 

power amplifer gain KP is interactively set with the 
position loop filter gain KF. An initial KP may be chosen 
as 1 AMP/VOLT and the value of KF may be adjusted 
as needed to stabilize the track following loop. The 
value of RINP may be computed from RF, Rs, and KP. 

In the example, 

Specify KP = 1 Amp/Volt 

Calculate RINP = 12.5 kn 

POSITION LOOP FILTER 

The implemented filter will take the form of a LAG­
LEAD-LEAD-LAG in ascending frequency breakpoints. 
Due to the double integration in the motor-load me­
chanics going from acceleration to position, there is an 
initial 180 degree position phase lag which must be 
compensated to prevent instability and oscillation. 
Phase lag introduced by a pole will add additional 
phase lag exceeding 180 degrees while phase lead 
introduced by a zero will reduce phase lag. The 
objective of the position loop filter is to ensure that there 
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FIGURE 2: Position Loop Filter Bode Plot 

is phase margin at the system unity gain crossover 
frequency while at the same time providing stiffness 
and long term tracking error cancelation. 

The initial position loop filter gain KF may be estimated 
through a specification for DC stiffness. Specifying a 
stiffness inunitsofforcepertrackand knowingG1, Km, 
and KP will provide a way to solve for KF. 

DC stiffness per track is calcuated as: 

STIFFNESS= G1 KF KP Km 

Specifying 100 N/TRACK stiffness, KF is determined in 
the example to be 5. 

The lowest frequency LAG time constant is referred to 
as bT2 and is the product CP2(RP3+RP4). This low 
frequency LAG serves effectively as an integrator with 
limited DC gain intended to minimize long term tracking 
error and allowing an increased DC gain improving 
stiffness which otherwise would not be possible due to 
mechanical higher frequency resonances. Time con­
stant bT2 generally should be made as large as prac­
tically possible. Choosing a value for CP2 such as 
.47 µF and a pole frequency between 0.1 and 1 HZ will 
provide a good starting point. 

The track following servo is stabilized by providing 
phase margin at the unity gain crossover frequency. 
Phase margin is obtained through the use of the two 
LEAD networks. The first lead breakpoint compen­
sates for the integrator phase lag and the second lead 
breakpoint provides the required phase margin. Time 
constant T2 made up of RP3 and CP2 provides the 
phase lead needed to bring the phase back towards 
180 degrees of phase lag. Lead time constant aT1 
provides additional phase lead by reducing the phase 
lag less than 180 degrees at the unity gain crossover 
frequency. Choosing the time constant aT1 such that 
its break point frequency is equal to the unity gain 
crossover bandwidth for the system will provide ap­
proximately 45 degrees of phase margin. Time con­
stant T2 needs to be chosen to be at least five times 
aT1 thereby minimizing the interactive effects of the 
two leads together. T2 should not be chosen so low in 
frequency as to cancel out the effects of the integrator 
lag and the low frequency gain enhancement. 

Finally, the high frequency pole T1 determined by RP1 
and CP1 provides a high frequency gain limit. The 
breakpoint frequency associated with the time con­
stant T1 should be placed several times higherthan the 
breakpoint frequency set by aT1. Mechanical reso-
nances may require further adjustment ofthe T1 break­
point frequency. Some systems may require additional 
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POSITION LOOP FILTER (Continued) 

notch filters to minimize high frequency mechanical 
effects. 

Having chosen the break point frequencies, the posi­
tion filter components may all be computed having 
specified CP2 and KF. 

For the example, the break points were initially speci­
fied as: 

bT2 frequency= 0.6 Hz 
T2 frequency = 60 Hz 

aT1 frequency= 600 Hz (target system unity gain 
bandwidth) 

T1 frequency = 2000 Hz 

TRACK FOLLOWING SYSTEM RESPONSE 
REVIEW 

Bode plots of the open loop response for the LAG­
LEAD-LEAD-LAG position loop filter are useful in 
evaluating the break point frequencies chosen. More 
useful is the system open loop Bode plot which pro­
vides the necessary information needed to properly 
adjust KF to meet the desired system unity gain band­
width. Adjusting KF will move the overall response 
vertically such that unity gain occurs at the desired 
system bandwidth frequency. The amount of vertical 
movement indicates how KF should change relative to 
its intial current value. The phase margin peak may be 
adjusted horizontally by changing the time constants 
aT1 and T2. Moving the peak phase lead to corre­
spond to the unity gain frequency is desireable. The 
system unity bandwidth indicates the stability of the 
servo system by the amount of phase margin at the 
. unity gain crossover point. Figure 2 shows the open 
loop position filter Bode plot. Notice the peaking of 
phase near the target system unity bandwidth fre­
quency of 600 Hz. Figure 3 shows the overall open 
loop system Bode plot. 

After review and adjustment, the final components 
were standardized as: 

RP1 =8,2500 

RP2 =91 kn 

RP3=13kn 

RP4=680kn 
CP1 = 0.0075 µF 

CP2=0.47µF 

Which resulted in actual break points of: 
bT2 frequency = 0.49 Hz 

T2 frequency = 26 Hz 

aT1 frequency= 213 Hz 

T1 frequency = 2572 Hz 

And KF = 7.47 for a DC stiffness of 148 N/Track. The 
resulting phase margin is 51.60 degrees at 630 Hz. 
The gain margin is 25.2 dB at 4800 Hz. 

The closed loop system step response may be ob­
tained and examined to evaluate the overshoot and 
settling time. The integrator time constantbT2willtend 
to control the settling time or ''tail." The time constants 
aT1 and T2 effect the amount of ringing and overshoot. 
Figure 4 shows the response of the system to a position 
step. 

For the example, 

Overshoot is 30% 

First zero crossing at 0.4 ms 

Settling within 2 ms 
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Servo Applications Note 

SERVO CALC SOFTWARE 

HEAD POSITIONING APPLICATIONS TOOL 

DESCRIPTION 

This software is an aid to disk drive head position servo 
design using SSI 32H 6210, 32H6220, 32H569, 
32H6230 servo controller and servo motor driver chips. 
It uses block diagram algebra and transfer function 
analytical techniques to arrive at first order approxima­
tions for the servo design values and parameters. This 
software offers visual representations of block dia­
grams, transfer functions, schematics, as well as 
Bode, seek profile and step response plots. It includes 
design aids for the design of velocity profiles and tables 
for evaluation of gain and characteristics settings. It 
uses simple menus to choose the design screens for 
power amplifier and position loop filter design and 
design modules for seek profile/loop parameters and 
their components. It also has a user definable polyno­
mial transfer function for Bode plot and step response 
evaluations. The effects of parameter and component 
changes are specially flagged and quickly displayed. 

SERVO CALC PROGRAM FEATURES 

Mathematical modeling 
Polynomial transfer functions displayed/described 
Block diagrams displayed 
Individual design screens displaying design prog­
ress 
Stability analysis 
Bode and step response plots 
Mechanical resonance and notch filter effects 
Motor current and power dissipation analysis 
Velocity profile and fill table generation 
Develops design for power amplifier components 
Tabulates and displays design choices in velocity 
loop 
User-controllable plot and print settings 

MINIMUM SYSTEM REQUIREMENTS TO RUN 
SERVOCALC 

An IBM PC/XT/ATorcompatible computer with at least 
512 Kb of RAM, EGA or EGA-compatible video adapter 
and monitor, one 5 1/4 inch floppy disk drive. A dot 
matrix printer for plots and screen printings is optional. 
A math co-processor and a hard disk is recommended 
but not required. 

For your copy of the SERVO CALC software and other helpful servo tools, please contact your local 
representative or Silicon Systems, Inc. at (714) 731-7110 ext. 3575. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

©1989 Silicon Systems, Inc. 6-186 1291 - rev. 







DESCRIPTION 

The SSI 32M593A is a motor speed control IC 
designed to provide all timing and control functions 
necessary to start, drive, and brake a 3-phase, 4 or 8 
pole brushless DC spindle motor. External Darlington 
power transistors or external power FETs may be used 
by the SSI 32M593A to drive the spindle motor. 

The motor Hall sensors are directly driven and 
decoded by the device. The controller is optimized for 
a 3600 rpm motor using a 2 MHz clock. Motor 
protection features include jammed platter shutdown, 
supply and clock fault detection, all of which are indi­
cated by a FAULT signal, and coil over-current 
detection and control. A LOCK signal is provided to 
indicate that the motor is at speed. The device's linear 
control loop controls the power drivers using Pulse 
Amplitude Modulation. 

The SSI 32M593A requires a + 12V power supply, and 
is available in 20-pin DIP or SO packages. 

BLOCK DIAGRAM 

0790- rev. 7-1 

SSI 32M593A 
Three-Phase Delta 

Motor Speed Controller 

July 1990 

FEATURES 

• 
• 
• 
• 
• 
• 
• 

• 

• 
• 
• 
• 

3-phase bipolar or unipolar operation 
4 or 8-pole operation 
3600 rpm speed control using a 2 MHz clock 
Highly accurate speed regulation of ±0.037".4 
At speed Indication provided 
Active braking function 
Output pre-driver for center tap or non-center 
tap windings 

Drives complementary Darlington power 
transistors or complementary power FETs 

Power supply fault protection 
Motor over-current protection 
Multiple retry on jammed spindle 

Single +12 volt power supply 

PIN DIAGRAM 

LOCK 20 OUTUPB 

HAW .. OUTUPC 

FREF 18 FAULT 

HALLOUT 17 VDD 

HALLI 18 MODE 

FMOTOR 15 UENABLE 

GND 14 OUTS 

START 13 OUTA 

OUT UP A 12 BENSE 

HALL2 10 11 OUTC 

20·PIN DIP or SOL 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32M593A 
Three-Phase Delta 
Motor Speed Controller 

FUNCTIONAL DESCRIPTION 
The SSI 32M593A uses a mix of analog and digital 
techniques to accomplish speed control. The control 
signal is generated by analog conversion of a digital 
speed error term developed by examining the contents 
of a count-down counter once per motor revolution. 
The sign and magnitude of the remainder controls the 
amplitude of a correction signal applied to the motor. 
Commutation timing, developed from motor generated 
HALL signals, applies the correction in the proper 
phase sequence. 

The device uses a Pulse Amplitude Modulation (PAM) 
scheme rather than Pulse Width Modulation (PWM) to 
avoid the switching transients and torque ripple inher­
ent in PWM. 

In operation, the SSI 32M593A is installed in a closed 
loop control system that maintains the speed of a 
3-Phase Brushless DC motor. By monitoring the HALL 
signal outputs of the motor, a control voltage is devel­
oped using both digital and analog techniques. The 
analog portion of the control loop uses switched 
capacitor techniques to eliminate the need for any 
external passive components required for loop com­
pensation. An operation description of the circuit 
follows. 

CONTROL LOOP 

Referring to the block diagram, the major sections of 
the control loop are a 19-stage Counter, Integral and 
Proportional channels, DIA's and a Summer. 

The speed error is determined by examining the con­
tents of the counter once per revolution. The counter 
is preset once per revolution by an INDEX signal 
developed from the HALL 1 input, at the same time any 
remainder resulting from a 500 kHz count-down rate is 
loaded into a latch. 

The lower LSB's of the latch, except for the LSB, are 
used to drive the Proportional DIA while the entire 
contents of the latch are accumulated to control the 
Integral Channel. The MSB's of the accumulator drive 
the Integral DIA. 

7-2 

If the contents of the counter indicate that the speed is 
outside the linear regulation range (±0.037%), this is 
decoded as a "FAST" or "SLOW' condition. Under 
these conditions the Proportional DIA output is driven 
to either end of its range, as appropriate. Under a slow 
condition, a fixed reference voltage is supplied to the 
output drives. 

The Summer then outputs a control voltage (VC) 
consisting of a bias voltage plus or minus the sum of the 
two DIA outputs. 

The Integral and Proportional channels perform sev­
eral functions related to the operation of the control 
loop. One function is to control loop stability by main­
taining the loop zero at 1 Hz. In operation this trans­
lates to the Integral channel responding to major bias 
point changes while the Proportional channel takes 
care of minor perturbations to the loop. 

COMMUTATION 

The summer output is channeled to the appropriate 
OUT A, B, C output according to the timing shown in 
Figure 1. To reduce switching transients, the outputs 
are slew rate controlled during each transition. 

OUTUPA, B, C outputs cycle between approximately 
VDD in the OFF state and GND in the ON state also 
according to Figure 1. Again, rise and fall times are 
controlled during transitions. 

MOTOR COIL OVER-CURRENT 

Refer to SENSE input description. Sense voltage is 
generated by current through Re shown in the typical 
application. The SENSE input threshold limits the 
maximum coil current. 
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HALL SIGNAL AN FMOTOR TIMING 

HALLI _J 
I 

HALL2 r--
I 

HALL3 ~~-+---< 

FMOTOR _J 

OUTUPA 

OUTUPB 

OUTUPC 

OUTA 

OUTB 

OUTC 

OUTUPA 

OUTUPB 

OUTUPC ~S: 
I I I 

I I 

OUTA 

OUTB 

OUTC 

I 

FORWARD FIRING oRDER 
I 

I 
REVERSE ARING Olj_DER 

(ACTIVE BRAKl~G) 

I I 
I I I 

I I I I 

~_r:--:~ 
I I 

I 

MECHANICAL j 
360° ------1 

NOTE: Figure shows commutation of a 4-pole device. 8-pole devices apply same firing order twice per revolution. 

FIGURE 1: Commutation Timing Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

FAULT CONDITIONS 

Four conditions cause an active high on the FAULT 
output pin, also disabling all drivers except as noted : 

(1) Low power supply- VDD < Vlvdt 

(2) No FREF clock - FREF < Fmin 

(3) Stalled motor. If the delay from power onset to 
a positive HALL index transition or the time 
interval between successive HALL index transi­
tions is greater than the specified time, the 
device interprets this delay as a stalled motor, 
reduces the motor current to zero and performs 
three retry cycles. If the motor continues to be 
stalled after three retries, then motor current is 
reduced to zero until such time as one positive 

START----' 

OUTX, OUTUPX:------IC 

HALL index transition is detected, the START 
pin is toggled, or power or FREF is removed and 
re-applied. After the fourth try, FAULT goes 
high. (See Figure 2.) 

(4) Reverse shutdown speed. During active braking 
(START =0) the HALL sensor's phasing is 
changed to apply a reverse torque to the motor 
until the motor speed drops below the reverse 
shutdown speed at which time the drivers turn off 
to deny power to the motor and FAULT goes 
high. If UENABLE is high (non-center tapped 
motor) the device will perform passive braking 
after the motor speed drops below the reverse 
shutdown speed by enabling the lower drivers, 
OUTX, to dissipate any remaining coil energy. 
The upper drivers OUTUPX are off. 
(See Figure 3.) 

FAULT---------------------------

FIGURE 2: Jammed Platter Sequence 
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START 

OUTX 
OUTUPX 

SSI 32M593A 
Three-Phase Delta 

Motor Speed Controller 

"- ACTIVE BRAKING PASSIVE BRAKING 

"''----------+-----

FORWARD COMMUTATION REVERSE COMMUTATION OUT X = 1 
CUTUP X =0 

(UENABLE = 1) 

FMOTOR ___ F_=_3600-•p_m __ ~X~ ____ 2a_1 _rpm_< _F <_3600 __ •pm---~x~---F-<_2a_1_rpm ___ _ 

LOCK 

(ACTIVE LOW) --------/ 

FAULT ----------------------" 

FIGURE 3: Active Braking Sequence 
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SSI 32M593A 
Three-Phase Delta 
Motor Speed Controller 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VDD I + 12V Power Supply 

GND I Ground 

FREF I The reference clock input used to set motor speed and operate circuit 
blocks. 

START I A high level on this pin enables the motor. The ST ART input must be low 
during power-up and should conform to Ts set-up time. Active braking is 
enabled by applying a logic "zero". During active braking the commutation 
is changed to apply a reverse torque to the motor until the motor velocity 
drops below 281 rpm. 

MODE I Mode Control. When tied high (to VDD) selects 8-pole operation where 
HALL 1 signal is divided by four to generate an index signal. When left open, 
4-pole operation is selected and HALL 1 is divided by two. 

UENABLE I Tying UENABLE to GND forces all upper outputs to their off state and 
disables passive braking. UENABLE must be tied to GND for unipolar 
center-tapped motors. Tied high or floating, UENABLE = 1 and drives 
bipolar motors. 

FAULT 0 FAULT goes active high indicating low Voo, no FREF, a stalled motor, or 
motor velocity below the reverse shutdown speed. 

LOCK 0 LOCK goes active low when the motor frequency is within a specified lock 
range. 

FMOTOR 0 FMOTOR frequency indicates the motor speed, nominally 3600 rpm. 
FMOTOR is derived from HALL 1. 

t----
SENSE I Coil Current Sense Input. Senses the coil current and limits the sense 

voltage to the specified threshold by limiting the voltage from the lower 
drivers. (OUTX) 

HALLO UT 0 Hall Sensor Bias Output. Provides a regulated bias voltage for the hall effect 
sensors. 

HALL1, 2, 3 I Hall Sensor inputs that determine commutation. The TTL open-collector 
type motor outputs drive these inputs, which have internal resistor 
pullups referenced to the HALLOUT bias voltage. 

OUTUPA, B, C 0 Upper motor CMOS level outputs that drive either Darlingtons or PFETs. 

OUTA, B, C 0 Lower Driver Outputs. These three driver outputs drive external Bipolar 
or NFET power transistors to control. the motor current through the current 
setting resistor Re. The motor current is V(sense)/Re. During normal 
operation, the drive voltages are adjusted as necessary to maintain the 
proper motor speed and drive current. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

VDD Supply Voltage -0.5 to +14 v 
Storage Temperature -65 to +150 oc 
Lead Temperature, PDIP (10 sec. soldering) 260 oc 
Package Temperature, SO (20 sec. reflow) 215 oc 
Input, Output pins -0.3 to VDD +0.3 v 
Inputs and outputs are protected from static charge using built-in ESD and Latchup protection devices. 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified Vlvdt <Vdd<13.2V.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VDD supply voltage 10.8 12 13.2 v 
100 supply current includes output driver current - 20 38 mA 

POD power dissipation loutA or B, or C = -10 mA - 240 375 mW 

loutupA, or B, or C = 10 mA 

IHALLOUT = -10 mA 

FREF clock frequency 1.998 2 2.002 MHz 

TA ambient temperature 0 - 70 oc 
TTL Inputs START, FREF, UENABLE 

Vil input low voltage Iii 5500 µA - - 0.8 v 
Vih input high voltage lih 5100 µA 2.0 - - v 
START set-up time (Ts) FREF active to START i 100 µs 

MODE Input 

Vil input low voltage - - 0.5 v 
Vih input high voltage lih$500 µA VDD-.5 - - v 
HALLX Input 

Vil input low voltage - - 0.8 v 
Vih input high voltage External pullup current :>1.7 mA 3.0 - - v 
Input Pullup-Pulldown Resistance 

Internal pullup resistance START,FREF,UENABLE 40 - - kn 

Internal pullup resistance HALLX inputs 5 - 20 kn 

Internal pulldown resistance MODE input 40 - - kQ 

Input capacitance All inputs - - 25 pF 
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SSI 32M593A 
Three-Phase Delta 
Motor Speed Controller 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

SENSE Input 

SENSE voltage threshold if exceeded, driver voltage 
is limited 

Input current 

Open Drain Outputs LOCK, FMOTOR, FAULT 

Vol output low voltage IOL= 2 mA 

Typical external pullup resistor 

FAULT Indication 

Vlvdt, low voltage 

Fmin, loss of FREF 

Stuck motor, start pulses drivers on, drivers off 

Number of start pulses 

Reverse shutdown speed START= 0 

LOCK Indication 

Lock range Measure at FMOTOR, FREF = 

Speed error 2 MHz, 10.8 < VDD < 13.2 

HALL Sensor Interface 

HALLOUT bias voltage 10.8 < VDD < 13.2, 
lload = -5 mA 

10.8 < VDD < 13.2, 
lload = -10 mA 

MIN NOM MAX 

0.9 1.0 1.1 

-100 - +100 

- - 0.5 

- 10 -

7.0 - 9.5 

- - 100 

- 0.90 -
- 4 -
- 281 -

3594 3600 3607 

-.037 +.037 

5.0 6.8 

5.0 

Driver Outputs (FHALLX ~ 100 Hz, Vlvdt < VDD s 13.2, CL s 500 pF unless otherwise specified.) 

Slew rate All driver outputs 150 - 500 
!-------

OUTX Voh !load = -5.0 mA 3.75 - -
Voh !load= -100 µA, 8.0 - -

10.8 $ VDD $ 13.2 

Vol off state lload = 3.4mA, - - 0.5 
5.0 $ VDD $ 13.2 

OUTUPX Vol lload = 10 mA - - 3.0 

Voh off state !load= -5 mA Voo-0.5 - -
Voh off state lload = -2 mA, Voo-0.5 - -

5.0 s VDD s Vlvdt 

7-8 

UNIT 

v 

µA 

v 
kQ 

v 
Hz 

sec 

-
rpm 

rpm 

% 

v 

v 

V/msec 

v 
v 

v 

v 
v 
v 
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SSI 32M593A 
Three-Phase Delta 

Motor Speed Controller 

APPLICATION INFORMATION 

PARAMETER RECOMMENDED MIN NOM MAX UNIT 

Power Transistors 

Re, Emitter Resistor .392 .4 .408 o 
Power Darlington Vbe Typical device: TIP 125, 0.8 - 1.8 v 

TIP 120 

Power FET Vth Typical device: IRFT 001 2 - 6 v 
Power FET Rds (on) - - 0.4 n 
Power FET BVds 30 - - v 

Motor Parameters 

The SSI 32M593A MSC is optimized for use with a 51/4" three-platter Winchester motor. The device will work 
for a range of motors near this nominal motor. Attempts to use a significantly different motor may require 
careful choice of a sense resistor for good spin-up and regulation. 

KT, Torque Constant Range (0.015 Nt-rn/A nom.) -10 - +10 % 

J, Inertia Range (489 x 1 o-e Nt-m-sec 2 nom.) -33 - +33 % 

KO, Damping Factor Range (31.8 x 1 o-e Nt-rn/rad/sec nom.) -33 - +33 % 

Note: Motor Frequency (s) KT ---
Motor Current (s) Js+KD 

Control Loop Parameters 

The motor control loop consists of counter, logic, and digital-to-analog converters that provide loop time 
constants. The continuous time transfer function of the on-chip control can be modeled as follows: 

H(s) = Vc(s) = Ki + Kp 
Fm(s) s 

Where: Ki = Integral Channel Gain 
Kp = Proportional Channel Gain 

Vc(s) is the voltage applied to the external sense resistor (Re) by the modulator. By adjusting the value of Re, 
the gain the motor sees can be adjusted as can the starting current. 

Loop Bandwidth Nominal motor, Re= 0.400 2 Hz 

Loop Zero Ki/Kp 1.0 Hz 

Kp, Proportional Channel Gain 0.198 0.213 0.227 V/rad/s 

Ki, Integral Channel Gain 1.23 1.33 1.42 V/rad 

Start current Re=0.400 2.5 Amps 

Running current Re= 0.400 1.5 Amps 
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Three-Phase Delta 
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V12 

+5V 

+5V 

Ro 

0."40 

NOTE: In cases where motor coil voltages are noisy with complex transients, stability can be improved by snubber (filter) circuits 
on each coil. A series RC filter to ground is suggested with the following values: (R = 100, C = 4.7µF). 

FIGURE 4:Typlcal Three-Phase, 4-Pole, Blpolar, 
Non-Center Tapped Motor Using A Power FET Module 
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CLOCK 

START 
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+SV 

LOCK CUTUPS 

OUTUPC 

FAULT 

VDD 

MODE 

FMOTOR UENABLE 

OUTB 

OUTA 

SENSE 

HALL2 

+SV 

SSI 32M593A 
Three-Phase Delta 

Motor Speed Controller 

Re 

0.40 

COILA 

FIGURE 5:Typlcal Three-Phase, 8-Pole, Unlpolar, 
Center Tapped Motor Using A Power Darlington. UENABLE Must be Tied to GND. 
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SSI 32M593A 
Three-Phase Delta 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

LOCK 20 OUTUPB 

HALL3 2 19 OUTUPC 

FREF 3 18 FAULT 

HALLO UT 4 17 VDD 

HALL1 5 16 MODE 

FMOTOR 6 15 UENABLE 

GND 7 14 OUTB 

START 8 13 OUTA 

OUTUPA 9 12 SENSE 

HALL2 10 11 OUTC 

20·Pln DIP or SOL 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 32M593A Three-Phase SOL 32M593A-CL 32M593A-CL 

SSI 32M593A Three-Phase PDIP 32M593A-CP 32M593A-CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 

©1989 Silicon Systems, Inc. 7-12 0790-rev. 



DESCRIPTION 
The SSI 32M594 is a motor speed control IC designed 
to provide all timing and control functions necessary to 
start, drive, and brake a 3-phase, 4 or 8 pole brushless 
DC spindle motor. External Darlington power transis­
tors or external power FETs may be used by the 
SSI 32M594 to drive the spindle motor. 

The motor Hall sensors are directly driven and de­
coded by the device. The controller is optimized for a 
3600 rpm motor using a 2 MHz clock. Motor protection 
features include jammed platter shutdown, supply and 
clock fault detection, all of which are indicated by a 
FAULT signal, and coil over-current detection and 
control. A LOCK signal is provided to indicate that the 
motor is at speed. The device's linear control loop 
controls the power drivers using Pulse Amplitude 
Modulation. 

The SSI 32M594requiresa+12V power supply, and is 
available in 20-pin DIP or SO packages. 

SSI 32M594 
Three-Phase Delta 

Motor Speed Controller 

lijt§lihii;tiij•1fitl 
July 1990 

FEATURES 
• Supports wide range of DC brush less 3-phase 

motors, Including 3 1/2" motors 

• 4 or 8-pole operation 
• 3600 rpm speed control using a 2 MHz clock 
• Highly accurate speed regulation of ±0.037% 

• Provides for gain scaling of the motor current 
voltage 

• On-chip digital filter 
• At speed Indication provided 
• Active braking function 
• Output pre-driver for center tap or non-center 

tap windings 

• Drives complementary Darlington power tran-
sistors or complementary power FETs 

• Power supply fault protection 

• Motor over-current protection 
• Multiple retry on jammed spindle 
• Single +12 volt power supply 

BLOCK DIAGRAM 

OACtN 
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SSI 32M594 
Three-Phase Delta 
Motor Speed Controller 

FUNCTIONAL DESCRIPTION 
The SSI 32M594 uses a mix of analog and digital 
techniques to accomplish speed control. The control 
signal is generated by analog conversion of a digital 
speed error term developed by examining the contents 
of a count-down counter once per motor revolution. 
The sign and magnitude of the remainder controls the 
amplitude of a correction signal applied to the motor. 
Commutation timing, developed from motor generated 
HALL signals, applies the correction in the proper 
phase sequence. 

The device uses a Pulse Amplitude Modulation (PAM) 
scheme rather than Pulse Width Modulation (PWM) to 
avoid the switching transients and torque ripple inher­
ent in PWM. 

The SSI 32M594 generates a motor current voltage 
which is related to the motor speed error. This is 
implemented on the IC by digitaVanalog techniques, 
converting a motor frequency error derived from a 
reference clock and digital counter into a voltage using 
switched capacitor DIA's. The voltage Ve translates 
into a motor current across Re regulating motor speed. 

In operation, the SSI 32M594 is installed in a closed 
loop control system that maintains the speed of a 3-
Phase Brushless DC motor. By monitoring the HALL 
signal outputs of the motor, a control voltage is devel­
oped using both digital and analog techniques. The 
analog portion of the control loop uses switched ca­
pacitor techniques to eliminate the need for any exter­
nal passive components required for loop compensa­
tion. An operation description of the circuit follows. 

CONTROL LOOP 

Referring to the block diagram, the major sections of 
the control loop are a 19-stage Counter, Integral and 
Proportional channels, DIA's and a Summer. 

The speed error is determined by examining the con­
tents of the counter once per revolution. The counter 
is preset once per revolution by an INDEX signal 
developed from the HALL 1 input, at the same time a~y 
remainder resulting from a 500 KHz count-down rate 1s 
loaded into a latch. 

7-14 

The lower LSB's of the latch, except for the LSB, are 
used to drive the Proportional DIA while the entire 
contents of the latch are accumulated to control the 
Integral Channel. The MSB's of the accumulator drive 
the Integral DIA. 

If the contents of the counter indicate that the speed is 
outside the linear regulation range (±0.037%), this is 
decoded as a "FAST' or "SLOW" condition. Under 
these conditions the Proportional DIA output is driven 
to either end of its range, as appropriate. Under a slow 
condition, a fixed reference voltage is supplied to the 
output drives resulting in a start current of VreflRe. 

When LOCK is low, the control voltage, VDAC, from 
the summer is used to generate the motor running 
current. VDAC is a summation of integral channel 
voltage which cancels out offsets in the loop ~nd motor 
losses, and a proportional channel voltage which tracks 
speed variations from the counter. The two channel 
voltages are then summed and weighted. Th_e control 
voltage applied is externally scaleable by resistors R1 
and R2 at DACOUT and DACIN (see Typical Applica­
tion diagram) to fit a wide range of motors including 
those used in 3 112" drives. Note that Re affects start 
current while R1 and R2 affect running current as 
!running = VDACIN/Re. 

The Integral and Proportional channels perform sev­
eral functions related to the operation of the control 
loop. One function is to control loop stability by main­
taining the loop zero at 1 Hz. In operation this trans­
lates to the Integral channel responding to major bias 
point changes while the Proportional channel takes 
care of minor perturbations to the loop. 

COMMUTATION 
The summer output is channeled to the appropriate 
OUTA, B, C output according to the timing shown in 
Figure 1. To reduce switching transients, the outputs 
are slew rate controlled during each transition. 

OUTUPA, B, C outputs cycle between approximately 
VDD in the OFF state and GND in the ON state also 
according to Figure 1. Again, rise and fall times are 
controlled during transitions. 
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HALL1 J 
HALL2 

HALU ~ 
I 

OUTUPA 

OUTUPB 

OUTUPC 

OUTA 

OUTS 

OUTC 

OUTUPA 

OUTUPB 

OUTUPC 

OUTA 

OUTS 

OUTC 

I 

r 

HALL SIGNAL TIMING 

I 

SSI 32M594 
Three-Phase Delta 

Motor Speed Controller 

I 

I 

FORWARD FIRING ORDER 

REVERSE FIRING ORDER 
(ACTIVE BRAKl~G) 

MECHANi?AL 
I 

:jso• , 
I 

NOTE: Figure shows commutation of a 4-pole device. 8-pole devices apply same firing order twice per revolution. 

FIGURE 1: Commutation Timing Diagram 
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SSI 32M594 
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Motor Speed Controller 

FUNCTIONAL DESCRIPTION (Continued) 

MOTOR COIL OVER-CURRENT 

Refer to SENSE input description. Sense voltage is 
generated by current through Re shown in the typical 
application. The SENSE input threshold limits the 
maximum coil current. 

FAULT CONDITIONS 

Four conditions cause an active high on the FAULT 
output pin, also disabling all drivers except as noted : 

(1) Low power supply- VDD < Vlvdt 

(2) No FREF clock - FREF < Fmin 

(3) Stalled motor. If the delay from power onset to 
a positive HALL index transition or the time 

START----' 

OUTX, OUTUPX------c 

interval between successive HALL index transi­
tions is greater than the specified time, the 
device interprets this delay as a stalled motor, 
reduces the motor current to zero and performs 
three retry cycles. If the motor continues to be 
stalled after three retries, then motor current is 
reduced to zero until such time as one positive 
HALL index transition is detected, the START 
pin is toggled, or power or FREF is removed and 
re-applied. After the fourth try, FAULT goes 
high. (See Figure 2) 

(4) Reverse shutdown speed. During active braking 
(START = 0) the HALL sensor's phasing is 
changed to apply a reverse torque to the motor 
until the motor speed drops below the reverse 
shutdown speed at which time the drivers turn off 
to deny power to the motor and FAULT goes 
high. (See Figure 3) 

FAULT----------------------------

FIGURE 2: Jammed Platter Sequence 

START -----~~'--A-C-Tl-VE_B_RA_K_IN-G----------+---P-AS_s_iv_E 8-R-AK-IN_G ___ _ 

OUTX 
OUTUPX 

IOCK 
(ACTIVE LOW) 

FORWARD COMMUTATION REVERSE COMMUTATION 

FAULT ---------------------

FIGURE 3: Active Braking Sequence 
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OUTX=1 
OUTUP X= 0 

(UENABLE = 1) 
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PIN DESCRIPTION 

NAME TYPE 

VDD I 

GND I 

FREF I 

START I 

MODE I 

FAULT 0 

LOCK 0 

SENSE I 

HALLO UT 0 

HALL1, 2, 3 I 

OUTUPA, B,C 0 

OUTA, B,C 0 

DACIN I 

DACOUT 0 

0790- rev. 

DESCRIPTION 

+ 12V Power Supply 

Ground 

SSI 32M594 
Three-Phase Delta 

Motor Speed Controller 

The reference clock input used to set motor speed and operate circuit 
blocks. 

A high level on this pin enables the motor. The ST ART input must be low 
during power-up and should conform to Ts set-up time. Active braking is 
enabled by applying a logic "zero". During active braking the commutation 
is changed to apply a reverse torque to the motor until the motor velocity 
drops below 281 rpm. 

Mode Control. When tied high (to VDD) selects 8-pole operation where 
HALL 1 signal is divided by four to generate an index signal. When left open, 
4-pole operation is selected and HALL 1 is divided by two. 

FAULT goes active high indicating low Voo, no FREF, a stalled motor, or 
motor velocity below the reverse shutdown speed. 

LOCK, open drain active low, goes active low when the motor frequency is 
within a specified lock range. 

Coil Current Sense Input. Senses the coil current and limits the sense 
voltage to the specified threshold by limiting the voltage from the lower 
drivers. (OUTX) 

Hall Sensor Bias Output. Provides a regulated bias voltage forthe hall effect 
sensors. 

Hall Sensor inputs that determine commutation. The TTL open-collector 
type motor outputs drive these inputs, which have internal resistor 
pullups referenced to the HALLOUT bias voltage. 

Upper motor CMOS level outputs that drive either Darlingtons or PFETs. 

Lower Driver Outputs. These three driver outputs drive external Bipolar 
or NFET power transistors to control the motor current through the current 
setting resistor Re. During normal operation, the drive voltages are adjusted 
as necessary to maintain the proper motor speed and drive current. 

Reference voltage for motor current. 

Summer Output (VDAC). The summation of integral and proportional 
channel voltages. 
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SSI 32M594 
Three-Phase Delta 
Motor Speed Controller 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC Operating Characteristics. 

PARAMETER RATING UNIT 

VDD Supply Voltage -0.5 to +14V v 
Storage Temperature -65 to +150 oc 
Lead Temperature, PDIP (10 sec. soldering) 260 oc 
Package Temperature, SO (20 sec. reflow) 215 oc 
Input, Output pins -0.3 to VDD +0.3 v 
Inputs and outputs are protected from static charge using built-in ESD and Latchup protection devices. 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified Vlvdt <VDD<13.2V.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VDD supply voltage 10.8 12 13.2 v 
IDD supply current includes output driver current - 20 38 mA 

PDD power dissipation loutA or B, or C = -10 mA - 240 375 mW 

loutupA, or B, or C = 1 O mA 

IHALLOUT = -10 mA 

FREF clock frequency 1.998 2 2.002 MHz 

TA ambient temperature 0 - 70 oc 
TTL Inputs START, FREF 

VIL Input Low Voltage llLSSOO µA - - 0.8 v 
VIH Input High Voltage llH S100 µA 2.0 - - v 
START Set-up time (Ts) FREF active to START i 100 µs 

MODE Input 

VIL Input Low Voltage - - 0.5 v 
VIH Input High Voltage llHSSOOµA Voo-.5 - - v 
HALLX Input 

VIL Input Low Voltage - - 1.0 v 
VIH Input High Voltage External pullup current S1 .7 mA 3.0 - - v 
Input Pullup-Pulldown Resistance 

Internal pullup resistance START, FREF 40 - - kn 

Internal pullup resistance HALLX inputs 5 - 20 kn 

Internal pulldown resistance MODE input 40 - - kn 

Input capacitance All inputs - - 25 pF 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER 

SENSE Input 

SENSE voltage threshold 

Input current 

CONDITIONS 

if exceeded, driver voltage 
is limited 

Open Drain Outputs LOCK, FAULT 

SSI 32M594 
Three-Phase Delta 

Motor Speed Controller 

MIN NOM MAX UNIT 

0.9 1.0 1.1 v 
- --I -~--~·-- ·--

-100 - +100 µA 
·--

VOL Output Low Voltage IOL = 2 mA - - 0.5 V 

,__T_y_pi_c_al_e_x_te_rn_a_l_p_ul_lu_p_r_es_i_st_o_r~--------··===-----<f-----+--10-~}~~--.·=---__ _L_~ 
FAULT Indication 

1---V_lv_d_t,_lo_w_vo_l_ta~g_e ____ --1------------1--7_._o-+ __ - ·-+----9_.5 __ _,__v _ __, 
Fmin, loss of FREF - - 100 Hz 

!--------------!---·· -

Stuck motor, start pulses drivers on, drivers off 0.90 sec 

Number of start pulses - 4 
t--------~-----1------------·---l-·---·--1----l--·-----t-----

Reverse shutdown speed START= O - 281 - rpm 
1-------------~----------~---~----~· 

LOCK Indication 
1------------~----------~---~---~----~---. 

Lock range 

Speed error 

HALL Sensor Interface 

HALLOUT bias voltage 

FREF = 2 MHz 3594 3600 3607 rpm 

10.8 < VDD < 13.2 -0.037 +0.037 % 

10.8 < VDD < 13.2, 
!load= -5 mA 

5.0 6.8 

!----------·-·-- -----·-·- -------- ·--

10.8 < VDD < 13.2, 5.0 
lload = -10 mA 

v 
-- ------··--

v 
1------------~----------~----------~---•----1 

Driver Outputs (FHALLX;::: 100 Hz, Vlvdt < VDD $ 13.2, CL$ 500 pF unless otherwise specified.) 

Slew rate All driver outputs 150 - 500 

OUTX VOH lload = -7.5 mA 3.75 - -

VOH lload = -100 µA, 8.0 - -
10.8 $ VDD $ 13.2 

--+-----t 

VOL off state lload = 3.4mA, 
5.0 $ VDD $ 13.2 

0.5 

1--------------+------------~~-------+----y----+---

0790- rev. 

OUTUPX VOL lload = 10 mA - - 3.0 
-------+---------·---1-----+----t---"-"-+-----I 
VOH off state !load = -5 mA Voo-o.5 
-------4------------+----l-------t-------+---
V OH off state lload = -2 mA, Voo-o.5 

5.0 $ VDD $ Vlvdt 

7-19 

II 



SSI 32M594 
Three-Phase Delta 
Motor Speed Controller 

APPLICATION INFORMATION 

PARAMETER RECOMMENDED 

Power Transistors 

Power Darlington Vbe Typical device: TIP 125, 
TIP 120 

Power FET Vth Typical device: IRFT 001 

Power FET Rds (on) 

Power FET BVds 

R1, R2 

R1/(R1 + R2) 

R1 + R2 

. R1 VDAC 
I running= -- • --

R1+R2 Re 

Where VDAC = Kp • ~f + Ki • f ~1 • ~t 
Kp =Proportional constant= .213 V/rad/sec 

Ki = Integral constant = 1.33 V/rad 

M = Frequency error 

Motor Parameters 

MIN NOM MAX UNIT 

0.8 - 1.8 v 

2 - 6 v 
- - 0.4 n 

30 - - v 

0.02 0.2 1.0 

20 50 200 

The SSI 32M594 MSC is optimized for use with a wide range of Winchester motors including 3 1/2" motors. 
Torque Constant Range (KT) of 0.01 to 0.02 Nt - m/A and an Inertia Range (J) from 0.5 to 6.5 x 1 o-• Nt - m -

sec 2 • The choice of R1, R2 and Re will be affected by motor parameters, so some care in their selection 
is recommended. 

Control Loop Parameters 

The motor control loop consists of counter, logic, and digital-to-analog converters that provide loop time 
constants. The continuous time transfer function of the on-chip control can be modeled as follows: 

H( ) _ Vc(s) _ Ki K s -----+ p 
Fm(s) s 

Vc(s) is the voltage applied to the external sense resistor (Re) by the modulator. By adjusting the value of Re, 
the gain the motor sees can be adjusted as can the starting current. 
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Control Loop Parameters (Continued) 

PARAMETER RECOMMENDED 

Loop Bandwidth Nominal motor, Re = 0.40 

Loop Zero Ki/Kp 

Kp, Proportional Channel Gain 

Ki, Integral Channel Gain 

Start current 

Running current 

+SV 

V12 

+SV 

SSI 32M594 
Three-Phase Delta 

Motor Speed Controller 

MIN 

0.198 

1.23 

1.0 

0.1 

1RFT001 

Ro 

0.4'l 

NOM 

2 

1.0 

0.213 

1.33 

2.0 

0.2 

I 
! COILA 

MAX UNIT 

Hz 
Hz 

0.227 V/rad/s 

1.42 V/rad 

3.0 Amps 

0.3 Amps 

NOTE: In cases where motor coil voltages are noisy with complex transients, stability can be improved by snubber (filter) circuits 
on each coil. A series RC filter to ground is suggested with the following values: (R = 10Q, C = 4.7 µF). 

Typical Three-Phase, 4-Pole, Bipolar, 
Non-Center Tapped Motor using a Power FET Module 

7-21 

II 



SSI 32M594 
Three-Phase Delta 
Motor Speed Controller 

V12 

+SV 

= 
HALL3 

CLOCK FREF 

HM.LOUT 

HALL1 

MODE 

GND 

START START 

HALL2 

+SV 

Typical Three-Phase, 8-Pole, Unipolar, 

COILA 

Center Tapped Motor using a Power Darlington. UENABLE must be tied to GND. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

LOCK 20 

HALL3 2 19 

FREF 3 18 

HALLO UT 4 17 

HALL1 5 16 

MODE 6 15 

GND 7 14 

START 8 13 

OUTUPA 9 12 

HALL2 10 11 

20-Pln PDIP or SOL 

SSI 32M594 
Three-Phase Delta 

Motor Speed Controller 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

OUTUPB 

OUTUPC 

FAULT 

VDD 

DACIN 

DACOUT 

OUTB 

OUTA 

SENSE 

OUTC 

ORDERING INFORMATION 

PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 

SSI 32M594 Three-Phase Delta Motor Speed Controller 

20-Pin SOL 32M594-CL 32M594-CL 

20-PIN PDIP 32M594-CP 32M594-CP 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 

0790- rev. 7-23 ©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 32M595 is a motor speed control IC designed 
to provide all timing and control functions necessary to 
start, drive and brake a 3-phase, 4, 8 or 12 pole 
brushless DC spindle motor. External Darlington 
power transistors or external power FETs may be used 
by the SSI 32M595 to drive the spindle motor. 

The SSI 32M595 implements a back EMF sensing 
circuit which determines when to advance the 
commutation state of the motor. No external sensors 
are required when using the 32M595. The drive 
controlling microprocessor initially starts the motor 
enabling motor current by asserting the MENABLE pin. 
The microprocessor then generates a stream of 
ADVANCE pulses which initially advances the motor. 
Once the motor has advanced with sufficient speed 
(usually within one revolution) for the back EMF sense 
logic to detect motion, the microprocessor work is 
done. The 32M595 will spin the motor up and regulates 
the speed all without microprocessor involvement. 

(continued) 

BLOCK DIAGRAM 

COILCT °""~~~~ 
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SSI 32M595 
Hall Sensorless 

Motor Speed Controller 

'M kk' ng mt.1 I; ·6" t.1 h 
December 1991 

FEATURES 

• Sensorless motor commutation 

• 3-phase, 4, 8 or 12 pole bipolar or unipolar 

motor operation 

• Compatible with 5 and 12 volt, DELTA/YI 
STAR motors 

• 3600 rpm precise speed control using 2 MHz 
clock 

• External two resistor loop compensation 

• Drives complementary Darlington power 
transistors or complementary power FETs 

• At. speed Indicator 

• Dynamic braking on command or power loss 

• Motor current limiting 

• Single +5V power supply/low power sleep 

mode II PIN DIAGRAM 

VB EMF 28 OUTCT 
LOCK 

1'1rnET 2 27 COILCT 

PROP l3RAKt 3 26 OUTUPA 

vcc 4 25 COILA 

SYSCLK 5 24 OUTA 
OUTCT 

INDX/COMMU 6 23 OU TU PB 
NTEGRAL INDEX_SEL 7 22 COILS 

LOCK 8 21 OUTB 
OlITUP(A,B,C) 

ADVANCE 9 20 OUTUPC 

MENABLE 10 19 COILC 

OUT(A,8,C) UNIPOLAR 11 18 OUTC 

SENSE 
GND 12 17 SENSE 

EXTRC 13 16 VIN 

PROP 14 15 INTEGRAL 



SSI 32M595 
Hall Sensorless 
Motor Speed Controller 

DESCRIPTION (continued) 

Motor speed control is accomplished by measuring the 
period of each revolution with a 500 kHz clock signal 
(SYSCLK divided by four). Period resolution is 
therefore 2 microseconds with the desired period being 
8333 counts (16.66 milliseconds, or 3600.144 RPM). 
Motor armature position is determined by monitoring 
the coil voltage of the winding that is not presently being 
driven by the drivers. The back EMF at the coil in 
conjunction with the state of the output drivers, indi­
cates armature position. The back emf is compared to 
a reference (COILCT) and initiates commutation 
"events" when the appropriate comparison is made. 
Commutation is the sequential switching of drive cur-

TABLE 1: Commutation States 

COM MU OUTA OUTS 

Reset state 0 off on 
ADVANCE t 1 off off 
ADVANCE t 0 off off 
ADVANCE t 1 on off 
ADVANCE t 0 on off 
ADVANCE t 1 off on 

rent to the motor windings. Because the back EMF 
comparison event occurs prior to the time when opti­
mum commutation should occur, it is preferred to delay 
commutation by a predetermined time after the com­
parison. The commutation delay is provided by a non­
retriggerable one-shot circuit wherein the time delay is 
a function of external Rand C timing components. The 
one-shot circuit also provides a "noise filter" function 
which holds off retriggering and blanks back EMF 
comparison events for an additional period of time 
(approximately one half the commutation delay) after 
commutation since commutation of the motor windings 
typically results in large transient voltages which could 
falsely indicate "commutation events." The six com­
mutation states are given below. 

OUTC OUTUPA OUTUPB OUTUPC 

off on off off 
on on off off 
on off on off 
off off on off 
off off off on 
off off off on 

NOTE: For OUT(S), off is approx. O volts. For OUTUP(S), off is approximately VBEMF. 

The period counter is loaded with a count of 8333 
initially, and the period measurement results in re­
sidual counts (ideally zero) in the period counter as it 
counts down during the index to index time. The 
residual count is fed to the proportional DAC (5 bits 
plus sign). When there is no period error the PDAC will 
output 1/2 full scale (2.25/2 volts) from PROP, too 
short a period will output a lower voltage, and too long 
a period will output a higher voltage, each depending 
on the amount of period error. When the residual count 
is within ±15 counts of zero, the motor status is 
indicated as "in lock." The lower eight bits of the period 
counter are fed to an accumulator which adds the 
present period residue to the previous accumulation 
thus accomplishing an integrating effect to force the 
speed error to zero overtime. The upper six bits of the 
accumulator are fed to the integral DAC whose output 
is INTEGRAL. Gross period errors will cause PROP 
and INTEGRAL to saturate at the appropriate extreme 
to achieve the maximum corrective control voltage. 

7-26 

The outputs PROP and INTEGRAL are connected to 
VIN with an external resistor network. The resistor 
values are selected to set the required loop response 
based on motor and system requirements. Input pin 
VIN is the non-inverting input of a linear transconductance 
amplifier which uses the lower driver transistor that is 
presently active per the commutation state as the 
power driver element. An external resistor is used to 
sense the current in the drive transistor source (and 
hence the motor coil current). The voltage across the 
sense resistor is amplified by a gain stage (Av= 4) and 
fed to the inverting input of the transconductance 
output stage. 

When the period error exceeds 256 counts too slow, 
2.25 volts is selected as the control voltage in lieu of 
VIN. Maximum motor current is limited to a value such 
that I motor$ 2.25v /(4 • Rsense). 

1291 - rev. 
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SSI 32M595 
Hall Sensorless 

Motor Speed Contorller 

A low-power state can be selected if desired. The 
motor should be de-energized either by invoking RE­
SET or de-asserting MENABLE (either will cause the 
drivers to the motor to ''float" and the motor to coast to 
a stop). BRAKE can be asserted after RESET, and the 
motor will be actively "braked" to a more rapid stop by 
routing the motors own back EMF to the lower driver 
transistors turning them on. When BRAKE, RESET, 
and MENABLE are low, the analog circuitry is de­
biased, the clock is disabled, the upper pre-driver 
outputs become logic high (to turn off all upper drivers 
including the center tap if used), and the lower pre-

driver outputs become logic high, turning the lower 
drivers on. 

Motor starting is accomplished with a companion mi­
croprocessor utilizing ADVANCE, MENABLE, RE­
SET, and COMMU. The microprocessor can assert 
RESET to initialize the commutation counter and then 
increment the counter with ADVANCE. ADVANCE at 
logic high excludes internal commutations. COMMU 
provides feedback to the microprocessor on motor 
activity. The microprocessor must enable the drivers 
with MENABLE and UNIPOLAR bits as required. 

TABLE 2 

BRAKE RESET MENABLE MODE/USE ANALOG COUNTERS OUTS CUTUPS 

0 0 0 SLEEP/LOW POWER OFF RESET VB EMF VBEMF 

0 0 1 BRAKE/POWER OFF ON RESET VB EMF VBEMF 

0 1 0 FLOAT/RETRACT ON ACTIVE ov VBEMF 

0 1 1 FLOAT/RETRACT ON ACTIVE ACTIVE VBEMF 

1 0 0 FLOAT/RETRACT ON RESET ov VBEMF 

1 0 1 FLOAT/RETRACT ON RESET ov VBEMF 

1 1 0 FLOAT/IDLE ON ACTIVE ov VB EMF 

1 1 1 RUN ON ACTIVE ACTIVE ACTIVE 

NOTE: MENABLE effective with VCC and VB EMF present. BRAKE and RESET effective with VB EMF present. 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

VBEMF I Voltage Back EMF. The motor power supply (VBR) through a power diode is 
VBEMF. The sources of the external PFETS are connected to VBEMF as is the 
VBEMF pin of the circuit. During power failure and motor spin down, this voltage 
is used to provide power for head retraction and subsequently, motor braking. 

RESET I RESET [inverse] pin. When asserted low, internal counters and registers are 
cleared. Refer to Table 2. RESET and BRAKE will control outputs to external FETs 
per Table 2 with only VBEMF present (power off retract and dynamic braking). 

BRAKE I Brake [inverse] pin. BRAKE is used to provide a delay between the initiation of 
Fault-induced head retract and motor braking. A capacitor to ground and a resistor 
to RESET are selected such that 1.2*R*C is equal to the maximum time required 
for retract. 

SYSCLK I System Clock pin. Reference frequency for motor speed measurement. A 2.000 
MHz SYSCLK will result in 3600 RPM motor speed for 8 pole motors. SYSCLK 
can be set to other frequencies to obtain different rotational speed or operate with 
motors other than 8-pole configuration (use of an external index signal is only valid 
for 8-pole motors). 
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SSI 32M595 
Hall Sensorless 
Motor Speed Controller 

PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

INDX/COMMU 1/0 External Index (input)/Commutation count (output) pin. When selected with 
INDEX_SEL set high, this pin is used to provide a once-per-revolution indication 
of rotational position and speed to the circuit. With INDEX_SEL low, COM MU (the 
LSB of the commutation counter) is presented as an output. 

INDX_SEL I Index Select pin. See above. 

LOCK 0 Lock pin. When the motor period is within ±15 counts of nominal, the motor is 
indicated as "in lock" with LOCK high. 

----

ADVANCE I Advance pin. ADVANCE is used to incrementthe commutation counter. The rising 
edge of ADVANCE will increment the counter. ADVANCE held high will inhibit 
internal incrementing of the counter, ADVANCE held low permits the normal 
operation of commutation from back EMF events. 

ME NAB LE I Motor Enable pin. MENABLE asserted high will place the pre-driver outputs into 
active mode per the state of the commutation counter. MENABLE low will de-
activate pre-driver outputs so that the external driver transistors are all "off," and 
the motor coils are ''floating." In the "sleep" state (MENABLE=BRAKE=RESET = 
low), upper drivers are off, lower drivers are all on. 

UNIPOLAR I Unipolar selection. When asserted high, the unipolar mode of operation is 
selected. Upper drivers are de-activated and OUTCT goes low to turn on the 
Center tap driver transistor. 

EXTRC I External R-C pin. A resistor to VCC and a capacitor to ground are connected to 
this pin to provide commutation delay. The commutation delay will be 0.56*R*C. 
After the commutation delay, this timing block provides a noise rejection interval 
to reject transients on the motor coils due to commutation. The noise rejection 
interval is an additional 0.29*R*C. The total time (commutation delay and noise 
rejection interval 0.85*R*C) must be less than a commutation cycle time. 

PROP 0 Proportional DAC output pin. The proportional channel output is the lowest 5 bits 
plus sign of the period measuring counter. The LSB signifies a 2 microsecond 
period variation. 

INTEGRAL 0 Integral DAC output pin. The integral channel output comes from the upper six bits 
of an eight bit accumulator. The accumulator adds the lower eight bits of the period 
measurement to the previous value obtained from prior period measurements and 
accumulations. 

VIN I Control Voltage input pin. The combination of external driver transistor and 
internal predriver circuit form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with the SENSE input and the gain of the 
Sense amplifier, transconductance (Gm) will be Gm= Im/VIN= 1/(Rs*4) 

SENSE I Current monitoring Sense Amplifier (high side) input pin. The external driver FET 
sources are connected to a current sensing resistor to monitor motor current. The 
circuit will control the voltage across this resistor (multiplied by the gain of 4 in the 
sense amplifier) to match either VIN (during normal operation) or internal 2.25V 
(during low-speed operation). 
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SSI 32M595 
Hall Sensorless 

Motor Speed Contorller 

PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

OUTA, OUTB, 0 Predriver Outputs. These pins provide drive to the gates of the external power 
OUTC N-channel FETS. They are configured as open drain with an internal 10,000 ohm 

pull-up resistor to the VBEMF pin. 

OUTUPA, B, C 0 Predriver Pull-up Outputs. Open drain, internal resistive pull-up (nominal 1 OKO.) 
to VBEMF for use with external PFETS. 

OUTCT 0 Center Tap predriver. OUTCT drives an external PFET driver which connects the 
motor center tap to the positive power supply for unipolar drive applications. 
OUTCT has the same characteristics as OUTUPA, etc. and is enabled via the 
UNIPOLAR pin. 

COILA, COILS, I Back EMF inputs from motor coils. Inputs to be connected to their respective 
COILC, motor coils and center tap for sensing generated back emf voltages. The circuit 
COILCT uses the back EMF voltages to determine rotor position and effect commutation. 

vcc I 5 volt power pin. 

GND I Ground connection. GND is also the low side input to the current SENSE amplifier 
and care should be taken to see that GND and the low side of the sense resistor 
are at the same potential. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 
device reliability 

PARAMETER MIN MAX UNIT 

Supply Voltage vcc -0.3 7.0 v 
VB EMF -0.3 25.0 v 

Digital Inputs/ SYSCLK, MENABLE -0.3 VCC+0.3 v 
Outputs ADVANCE, UNIPOLAR 

INDEX_SEL, INDX/COMMU, 
LOCK 

Analog 1/0 PROP, INTEGRAL, -0.3 VCC+0.3 v 
EXTRC, VIN 

Motor Interface COIL(CT,A,B,C) -0.3 25.0 v 
UPOUT(A,B,C), OUTCT 

OUT(A,B,C), BRAKE 
SENSE, RESET 

Storage temperature Tstg -65 150 oc 
Lead temperature Tie ad 300 oc 
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Hall Sensorless 
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OPERATING CONDITIONS 

PARAMETER 

Supply voltage vcc 
VBEMF 

Supply current ICC 
ICC, sleep mode 

IVBEMF 
IVBEMF, sleep 

Ambient Temp Ta 

Capacitive Load Cl 
Digital 1/0 

Resistive load Ria 
PROP, INTEGRAL 

Capacitive load Cla 
PROP, INTEGRAL 

PARAMETRIC REQUIREMENTS 

DIGITAL INPUTS 

PARAMETER CONDITIONS 

Fmax, SYSCLK 

Twh, Twl, SYSCLK width 
high or low 

External Index, 
INDX/COMMU (as input) 
Pulse width 

Input Leakage, 
INDX/COMMU 

Input Leakage, others 

Vil (EXTINDX, SYSCLK, 
MENABLE, ADVANCE, 
UNIPOLAR, INDX_SEL) 
Vih (inputs above) 

Vil (RESET, BRAKE) VBEMF>4.5V 
Vih (RESET, BRAKE) VBEMF>4.5V 

EXTERNAL RC PIN (EXTRC) 

Timing resistor 

Timing capacitor 

Delay time variation relative to TO 

MIN 

4.75 
4.75 

1.0 
0.05 
1.0 
0.1 

0 

0 

5000 

0 

MIN 

40 

200 

10 

1 

2.0 

2.0 

10K 

100 

-5 

TO is the commutation delay and is given by the relationship TO= 0.56RC. 

MAX UNIT 

5.25 v 
13.2 v 
6.0 mA 
1.0 mA 

10.0 mA 
1.5 mA 

70 oc 
100 PF 

Q 

40 PF 

NOM MAX UNITS 

4.5 MHz 

ns 

ns 

µA 

µA 

0.8 v 

v 
0.3 v 

v 

10M Q 

- pF 

+5 % 

Suggested value for C would be 470 to 1000 pF. An external Rand C must always be provided such that the 
time constant, TO is greater than 1 O microseconds. 
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SSI 32M595 
Hall Sensorless 

Motor Speed Contorller 

PROPORTIONAL (PROP), INTEGRAL (INTEGRAL) DAC OUTPUTS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Output voltage lout<0.1 OmA 0 2.25V v 
±5% 

VCC=5.0v 

DAC Step size .032 .039 v 
Output impedance 0.5v<V out<2.0v 200 n 

lout=O. 1 OmA 

Kp, proportional gain 0.70 0.85 V/rad/s 
Ki, integral gain 10.48 12.75 V/rad f 

DIGITAL OUTPUTS, LOCK, INDX/COMMU 

Voh lout=-100uA 2.4 v 
Vol lout=2.0mA 0.4 v 
Tdts, Time delay to INDX_SEL high 10 100 ns 
tri-state output to high impedance 

on INDX/COMMU 

Tdoe, Time delay to INDX_SEL low to 10 100 ns 
enable as output pin drive state 

VIN 

Input Voltage 0 2.25 

In ut current 0<Vin<2.5v -1 +1 

OUTUPA,OUTUPB,OUTUPC,OUTCT 

Rout, internal pull-up resistor Output in high state 5K 20K n 
Vout (low) lout<3 mAmp 1.0 v 

VBEMF=13.2 volts 

OUTA,OUTB,OUTC 

Rout, internal pull-up resistor Output in high state 5K 20K 

Vout low lout<5 mAm 1.0 v 

SENSE 

Vin, SENSE normal operation 0.0 0.50 v 
lin, SENSE O.O<Vin<1.0 volt -10 +10 µA 

Cin 20 _Qf 

Transconductance gain from VIN to motor current (steady-state) will be given by: G= lmotorNIN =1/RSEmt4 
for rotational speeds greater than 3490 RPM. 
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COILA COILB COILC COILCT I I I 

PARAMETER CONDITIONS 

Rin -.3v <Vin<15v 

Rin- COILCT -.3v<Vin<15v 

Cin 

OPERATING REQUIREMENTS 

MIN NOM MAX UNITS 

100K n 
30K n 

10 pF 

LOCK indication range SYSCLK=2.000 MHz 3593.5 3606.5 RPM 

Speed resolution 

APPLICATIONS INFORMATION 

Usage of INDX (External Index input) 

Normal operation is pertormed with an internal Index 
signal derived from the commutation counter. The 
period of the Index signal is measured and controlled 
by the circuit to result in a rotational rate of 3600 
revolutions per minute. Within the range of 3593.5 to 
3606.5 revolutions per minute the spindle will be "in 
lock." After the motor is started and accelerated to 
speed (LOCK bit high), an external Index signal may be 
selected. Applying external index pulses (at a rate 
within the lock range) and setting INDEX_SEL bit to 
high will start the following sequence. 

The circuit will complete the period measurement of the 
latest internal index period and then begin to measure 
the time between the last internal index and the next 
external index pulse. This will most likely be shorter 
than nominal assuming the two events are asynchro­
nous. If the period measured is not within 3 percent of 
the expected value (16.667 milliseconds), the IDAC 
and PDAC will not be updated with a new correction 
value but will continue to output the previous value. 

7-32 

-.012 +.012 % 

The LOCK output will be set low (indicating out of lock). 
The next period measured will be between the first and 
second external index pulses and will presumably be 
within the lock range so that LOCK will be set high. If 
the period is within± 3 percent of the desired value, the 
IDAC and PDAC will update. Similarly, during opera­
tion with external index, a missing index pulse would 
look like a gross speed error and no IDAC or PDAC 
update will take place. The microprocessor should 
verify that after the switch-over to external index, the 
circuit goes back to LOCK. If external index is used, it 
should come from a reliable source with low jitter (less 
than 1 O microseconds). The circuit must have an index 
pulse in order to measure period, and the "status" of 
LOCK can only be determined with ongoing index 
timing pulses. Complete removal of index will hold the 
last LOCK status and I DAC/PDAC values even though 
the actual speed may be out of the LOCK range. 
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SSI 32M595 
Hall Sensorless 
Motor Speed Controller 

PACKAGE PIN DESIGNATIONS 
(Top View) 

VB EMF 28 OUT CT 5 
< 

~ ~ 
u. 5 Q_ 
::;; ::> u UJ I- -' I-

~ 2 27 COILCT u CD ::> Ci ::> 
> > 0 u 0 

~ 3 26 OUTUPA 

vcc 4 25 COILA SYSCLK COILA 

SYSCLK 5 24 OUTA INDX/COMMU 24 OUTA 

INDX/COMMU 6 23 OUTUPB INDEX_SEL 23 OUTUPB 

INDEX_SEL 7 22 COILB LOCK 22 COILB 

LOCK 8 21 OUTB ADVANCE 21 OUTB 

ADVANCE 9 20 OUT UPC MENABLE 20 OUTUPC 

MENABLE 10 19 COILC UNIPOLAR 19 COILC 

UNIPOLAR 11 18 OUTC 12 13 14 15 16 17 18 

GND 12 17 SENSE u UJ 0 Q_ -' z u 
EXTRC 13 16 VIN z a: 0 < > U) I-

" !< a: a: z ::> 
Q_ Cl UJ 0 

PROP 14 15 INTEGRAL 
UJ w U) 

I-
~ 

28-pln PDIP or SOL 28-pln PLCC 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any inlringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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CLK 

LOCK 

PllAC 

IDAC 

DESCRIPTION 

The (Spindle) Motor Speed Control in conjunction with 
several external components, provides starting, ac­
celerating, and precise rotational speed regulation 
functions. Different circuit versions are provided to 
control 4-, 8-, or 12-pole brushless DC motors without 
the need for Hall sensors. Control is accomplished via 
five pins and operation is monitored via two pins. The 
complete speed regulation control loop is contained in 
the circuit and the companion microprocessor is only 
required during start and to monitor status. 

Motor speed control is accomplished by measuring the 
period of each revolution with a 500 kHz clock signal 
(SYSCLK divided by four). Period resolution is there­
fore 2 microseconds with the desired period being 
8333 counts (16.66 milliseconds, or 3600.144 RPM). 

TEST 

= 
c 

SSI 32M7010 
Hal 1-Sensorless 

Motor Speed Control 

1wi§11; .11 ;u1 fa. m fii 
December 1991 

Motor armature position is determined by monitoring 
the coil voltage of the winding that is not presently being 
driven by the drivers. The back-emf at the coil in 
conjunction with the state of the output drivers, indi­
cates armature position. The back emf is compared to 
a reference (CT) and initiates commutation when the 

(continued) 

FEATURES 

• Precise speed control 

• 1 amp peak drivers 

• No blocking diode 

• Adaptive commutation delay 

• Commutation transient suppression 

• convenient Retract I Brake control 

INCOM 1 36 LOCK 
PDAC 2 35 INDX/COMMU 
IDAC 3 34 INDXSEL 

RESET 4 33 ADVANCE 
BRAKE 5 32 SYSCLK 

VIN 6 31 UNIPOLAR 
GND 7 30 RRAMP 
VM1 8 29 vcc 

SENSE1 9 28 SENSE4 
VM2 10 27 VM10 
VM3 11 26 VM9 

c 12 25 A 
A RAMP VM4 13 24 VMS 

VM5 14 23 VM7 

SENSE 
SENSE2 15 22 CT 

VBRAKE 16 21 TEST 
OTSD 17 20 SENSE3 

VMS 18 19 B 
VIN 

36-Pln SOM 
GND PIN DIAGRAM 

~ 

llES"Ef CAUTION: Use handling procedures necessary 
for a static sensitive component. 

VBRAKE 



SSI 32M7010 
Hal 1-Sensorless 
Motor Speed Control 

TABLE 1: Output Driver States 

PULL DOWNS PULL UP 
STATE COM MU A B 

O, (Reset State) 1 off on, (off) 
1 0 off off 
2 1 off off 
3 0 on off 
4 1 on off 
5 0 off on 

DESCRIPTION (Continued) 

appropriate comparison is made. Because the back­
ernf comparison event occurs prior to the lime when 
optimum commutation should occur, commutation is 
delayed by a predetermined lime after the comparison. 
The commutation delay is provided by a circuit which 
measures the interval between comparison events and 
delays commutation by a lime equal to 0.43 of the prior 
interval. (The delay is set at 0.43 not 0.50 in order to 
compensate for commutation delays and motor current 
build-up time.) The circuit is adaptive and will provide 
the optimum delay for a wide range of motor speeds. 
Since the commutation of motor coils typically causes 
transients, the circuit also provides a noise blanking 
function which prevents response to back-emf com­
parison events for a period of lime equal to 517 of the 
interval (between events) after the comparison event. 
The commutation delay can be externally modified by 
±15% with the INCOM pin. The commutation states are 
shown in Table 1. 

The period counter is loaded with a count of 8333 
initially, and the period measurement results in re­
sidual counts (ideally zero) in the period counter as it 
counts down during the index to index time. The 
residual count is fed to the proportional DAC (5 bits plus 
sign). When there is no period error the PDAC will 
output 1/2 full scale (2.25/2 volts) from PDAC, too short 
a period will output a lower voltage, and too long a 
period will output a higher voltage, each depending on 
the amount of period error. When the residual count is 
within± 15 counts of zero, the motor status is indicated 
as "in lock." The lower eight bits of the period counter 
are fed to an accumulator which adds the present 
period residue to the previous accumulation thus ac­
complishing an integrating effect which forces the 
speed error to zero over time. The upper six bits of the 

7-36 

c UPA UPB UPC 

off on off off 
on on off off 

Oh off on off 

off off on off 

off off off on 

off off off on 

accumulator are fed to the integral DAC whose output 
is IDAC. Gross period errors will cause PDAC and 
IDAC to saturate at the appropriate extremes to 
achieve the maximum corrective control voltage. 

The outputs PDAC and IDAC are connected to VIN 
with an external resistor network. The resistor values 
are selected to set the required loop response based 
on motor and system requirements. Input pin VIN is the 
non-inverting input of a linear transconductance ampli­
fier which uses the lower driver transistor that is pres­
ently active per the commutation state as the power 
driver element. An external resistor is used to sense 
the current in the drive transistor source (and hence the 
motor coil current). The voltage across the sense 
resistor is amplified by a gain stage (Av=B) and fed to 
the inverting input of the transconductance output 
stage. 

When the speed error is more than 3% slow, 2.25 volts 
is selected as the control voltage in lieu of VIN. Maxi­
mum motor current is limited to a value such that I motor 
~ 2.25V/ (4 • RSENSE). 

Four operating conditions are selected via BRAKE and 
RESET. With BRAKE and RESET asserted (low), 
outputs A, B, and C are low impedance to ground, 
(without current limiting function) and analog circuits 
are de-biased. This is the "sleep" condition. It also 
provides dynamic braking to the motor. With BRAKE 
asserted, and RESET de-asserted, drivers are low 
impedance to ground (without current limit function) 
and the analog circuitry is biased. For RESET as­
serted, BRAKE de-asserted, the output drivers are in a 
high impedance state. This will allow the user to take 
energy from the back-emf of a spinning motor for 
retracting heads. Normal operation is given for BRAKE 
and RESET de-asserted. 
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DESCRIPTION (Continued) 

TABLE 2: Rout Low to SENSE 

BRAKE RESET 

0 0 

0 1 

1 0 

1 1 

CONDITION 

SLEEP/BRAKE 

BRAKE 

RETRACT 

RUN 

ANALOG 

OFF 

ON 

ON 

ON 

SSI 32M7010 
Hal 1-Sensorless 

Motor Speed Control 

COUNTERS A,B,C 

RESET Rout low to SENSE 

ACTIVE Rout low to SENSE 

ACTIVE FLOAT 

ACTIVE ACTIVE 

Motor starting is accomplished with a companion microprocessor utilizing ADVANCE, RESET and COMM U. The 
microprocessor can assert RESET to initialize the commutation counter and then increment the counter with 
ADVANCE. ADVANCE at logic high excludes internal commutations. COMMU provides feedback to the 
microprocessor on motor activity. 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

RESET I When asserted low, internal counters and registers are cleared. Refer 
to Table 2. 

BRAKE I BRAKE is used to provide a delay between the initiation of Fault-induced 
head retract and motor braking. A capacitor to ground and a resistor to 
RESET are selected such that 1.2•R•C is equal to the maximum time 
required for retract. 

SYSCLK I Reference frequency for motor speed measurement. A 2.000 MHz 
SYSCLK will result in 3600 RPM motor speed for 8-pole motors. 
SYSCLK can be set to other frequencies to obtain a different rotational 
speed or operate with motors other than 8-pole configurations (use of 
an external index signal is only valid for 8-pole motors). 

INDX/COMMU 1/0 When selected with INDXSEL set high, this pin is used to provide a 
once-per-revolution indication of rotational position and speed to the 
circuit. With INDXSEL low, COMMU (the LSB of the commutation 
counter) is presented as an output. 

INDXSEL I See above. 

LOCK 0 When the motor period is within ±15 counts of nominal, the motor is 
indicated as "in lock" with LOCK high. 

ADVANCE I ADVANCE is used to increment the commutation counter. The rising 
edge of ADVANCE will increment the counter. ADVANCE held high will 
inhibit internal incrementing of the counter, ADVANCE held low permits 
the normal operation of commutation from back-emf events. 

VM 1 -10 - Motor Power Supply. 
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SSI 32M7010 
Hal 1-Sensorless 
Motor Speed Control 

PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

INCOM I Adaptive commutator delay test point. 

PDAC 0 Proportional DAC output pin. The proportional channel output is the 
lowest 5 bits plus sign of the period measuring counter. The LSB signifies 
a 2 microsecond period variation for SYSCLK = 2.00 MHz. 

IDAC 0 Integral DAC output pin. The integral channel output comes from the 
upper six bits of an eight bit accumulator. The accumulator adds the lower 
eight bits of the period measurement to the previous value obtained from 
prior period measurements and accumulations. 

VIN I Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with the SENSE input and the gain 
of the sense amplifier, transconductance (Gm) will be: 
Gm= lmNIN =· 1/ (Rs• 8). 

SENSE1 I Current monitoring sense amplifier (high side) input pin. The lower driver 
SENSE2 transistor current (hence motor current) is sent through a current sensing 
SENSE3 resistor to monitor motor current. The circuit will control the voltage across 
SENSE4 this resistor (multiplied by the gain of 8 in the sense amplifier) to match 

either VIN (during normal operation) or internal 2.25V (during low-speed 
operation with Av= 4). 

A,B,C 0 Motor Drive Outputs. These pins provide drive to the motor coils. 

CT I Back-EMF inputfrom motor coil center tap. Input connected to the center 
tap for sensing generated back-emf voltages. The circuit uses the back-
emf voltages to determie rotor position and effect commutation. 

vcc - SV power pin. 

V BRAKE 0 External capacitor to store charge for driver circuitry. The stored charge 
is used by the lower drivers in fault conditions to achieve dynamic braking. 

GND - Ground connection. GND is the low side input to the current SENSE 
amplifier and care should be taken to see that GN D and the low side ofthe 
sense resistor are at the same potential. 

OTSD 0 Indicates over temperature condition. 

RRAMP I External resistor. Sets DV/DT for lower driver turn-off. DV/DT is approxi-
mately 4E 10 • R RAMP. 

UNIPOLAR I Select line for Unipolar or Bipolar mode. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

SSI 32M7010 
Hal 1-Sensorless 

Motor Speed Control 

(Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 
device reliability.) 

PARAMETER RATING 

Supply Voltage vcc -0.3 to 7V 

VM -0.3 to 15V 

Digital Inputs/Outputs SYSCLK,ADVANCE -0.3 to VCC +0.3V 
INDXSEL, INDX/COMMU, 
LOCK 

Analog 1/0 PDAC, IDAC, VIN -0.3 to VCC +0.3V 

Motor Interface Voltage CT, A, B, C, BRAKE, -0.3 to 20V 
SENSE, RESET 

Motor Interface Current A, B, C, VM, SENSE -1.0to +1.0A 

Storage Temperature, Tstg -65 to 150°C 

Lead Temperature, Tlead 300°C 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Supply Voltage vcc 4.75 5.25 v 
VM 4.75 5.25 v 

Supply Current ICC 1.0 10.0 mA 

ICC, Sleep Mode 0.05 1.0 mA 

IVM 0 0.75 A 

IVM, Sleep Mode 0.1 1.5 mA 

Ambient Temperature Ta 0 70 oc 
Capacitive Load 
Digital 1/0 Cl 0 100 pF 

Resistive Load 
PROP, INTEGRAL Ria 5000 n 
Capacitive Load 
PROP, INTEGRAL Cla 0 40 pF 
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Motor Speed Control 

ELECTRICAL SPECIFICATIONS (Continued) 

DIGITAL INPUTS 

PARAMETER CONDITIONS 

Fmax, SYSCLK 

Twh, Twl, SYSCLK width high or low 

External Index, INDX/COMMU (as input) 
Pulse Width 

Input Leakage, INDX/COMMU 

Input Leakage, others 

Vil (EXTINDX, SYSCLK, 
ADVANCE, INDXSEL) 

Vih (inputs above) 

Vil (RESET, BRAKE) . VBRAKE ~ 4.5V 

Vih (RESET, BRAKE) VBRAKE ~ 4.5V 

PROPORTIONAL (PDAC), INTEGRAL (IDAC) OUTPUTS 

PARAMETER CONDITIONS 

Output Voltage lout~ 0.1 mA 
VCC =5.0V 

DAC Step Size VCC=5.0V 

Output Impedance 0.5V ~v out <2.0V 
lout= 0.10 mA 

Kp, Porportional Gain 

Ki, Integral Gain 

DIGITAL OUTPUTS, LOCK, INDX/COMMU 

PARAMETER CONDITIONS 

Voh lout= -100 µA 

Vol lout= 2.0 mA 

Tdts, Time delay to tri-state INDXSEL high to high 
output impedance on INDX/COMMU 

Tdoe, Time delay to enable INDXSEL low to drive state 
as output pin 

7-40 

MIN TVP MAX UNITS 

4.5 MHz 

40 ns 

200 ns 

10 µA 

1 µA 

0.8 v 

2.0 v 
0.8 v 

2.0 v 

MIN TVP MAX UNITS 

0 2.25V±5% v 

0.32 0.39 v 
200 n 

0.70 0.85 V/rad/s 

10.48 12.75 V/rad 

MIN TVP MAX UNITS 

2.4 v 
0.4 v 

10 100 ns 

10 100 ns 
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ELECTRICAL SPECIFICATIONS (Continued) 

VIN 

PARAMETER CONDITIONS 

Input Voltage 

Input Current 0 s Vin< 2.5V 

OUTPUTS A, B, C 

Routup Output in high state 
VM =4.75V 

Routlow Output driving low, 
VM =4.75V 

SENSE 

Vin, SENSE Normal operation 

Low speed operation 

lin, SENSE 0.0 s Vin < 1.0V 

Cin 

SSI 32M7010 
Hal I-Sensor less 

Motor Speed Control 

MIN TYP MAX UNITS 

0 2.25 v 
-1 +1 µA 

0.05 1.0 n 

0.05 1.0 n 

0.0 0.4 v 
0.0 0.8 v 
-10 +10 µA 

20 pF 

Transconductance gain from VIN to motor current (steady-state) will be given by: 
G =!motor/VIN= 1/Rsense • 8, for rotational speeds greater than 3490 RPM. 

CT 

Rin -0.3V sVin < 15V 30K 

Cin 10 pF 

V BRAKE 

lbst (run) VCC =4.75V 100 µA 

lbst (float) VCCs0.5V 10 µA 

lbst (brake) VCCs0.5V 10 µA 

OPERATING REQUIREMENTS 

LOCK Indication Range SYSCLK = 2.000 MHz, 8-pole 3593.5 3606.5 RPM 

Speed Resolution -.012 +0.012 % 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

INCOM 1 
PDAC 2 
IDAC 3 

RESET 4 

BRAKE 5 
VIN 6 

GND 7 
VM1 8 

SENSE1 9 
VM2 10 
VM3 11 

c 12 
VM4 13 
VMS 14 

SENSE2 15 

VBRAKE 16 

OTSD 17 

VM6 18 

36 

35 

34 
33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

LOCK 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

INDX/COMMU 

IND XS EL 
ADVANCE 

SYSCLK 

UNIPOLAR 

RRAMP 

vcc 
SENSE4 

VM10 

VM9 

A 
VM8 

VM7 

CT 
TEST 

SENSE3 

B 

36-Pin SOM 

ORDERING INFORMATION 

PART DESCRIPTION l ORDER NO. l PKG.MARK 

SSI 32M7010, Hall-Sensorless Motor Speed Control 

36-Pin SOM l 32M7010-CM l 32M7010 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 

The (Spindle) Motor Commutator in conjunction with a 
companion microcontroller, provides starting, acceler­
ating, precise rotational speed regulation functions, 
coasting (for retract), and dynamic brake. The circuit 
can be used with 4-, 8-, or 12-pole, 3 phase, brushless 
DC motors without the need for Hall sensors. 

The commutator determines motor armature position 
by monitoring the coil voltage of the winding that is not 
presently being driven by the drivers. The back-emf at 
the coil in conjunction with the state of the output 
drivers, indicates armature position. The back emf is 
compared to a reference (CT) and initiates commuta­
tion when the appropriate comparison is made. 

(continued) 

SSI 32M7011 
Hal 1-Sensorless 

Motor Speed Commutator 
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FEATURES 

• 

• 
• 
• 
• 

• 
• 

Optimum commutation without external 
components 
Retract coast and brake modes supported 

1 n FET drivers 

Commutation without Hall sensors 

Reduced DV/DT on commutation - no snub­
ber networks required 
No blocking diode required 

Immune to brown outs and load transients 

INCOM 1------------<:...~==:::::;--Y CT BLOCK DIAGRAM 
ADAPTIVE 

COMMUTATION 
DELAY 

COMPARATOR 
LOGIC t--------<-, !-+--~ 

VCC 

COM MU 
c 
0 

ADVANCE 
M 
M 

UNIPOLAR u 
T 
A 
T 
I 

0 
REVCLK N 

L 
0 
G 
I 
c 

SYSCLK I f-.------~ 
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INCOM 1 36 ADVANCE 
UNIPOLAR 2 35 COM MU 

N/C 3 34 N/C 
RESET 4 33 N/C 
BRAKE 5 32 REVCLK 

VIN 6 31 SYSCLK 
GND 7 30 RRAMP 
VM1 8 29 vcc 

SENSE1 9 28 SENSE4 
VM2 10 27 VM10 
VM3 11 26 VM9 

c 12 25 A 
VM4 13 24 VMS 
VM5 14 23 VM7 

SENSE2 15 22 CT 
V BRAKE 16 21 TEST 

OTSD 17 20 SENSE3 
VM6 18 19 B 

36-Pin SOM 

PIN DIAGRAM 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 32M7011 
Hall-Sensorless 
Motor Speed Commutator 

DESCRIPTION (Continued) 
Because the back-emf comparison event occurs prior 
to the time when optimum commutation should occur, 
commutation is delayed by a predetermined time after 
the comparison. The commutation delay is provided by 
a circuit which measures the interval between prior 
comparison events and delays commutation by a time 
equal to 0.43 of the prior interval. (The delay is set at 
0.43 not 0.50 in order to compensate for commutation 
delays and motor current build-up time.) The circuit is 
adaptive and will provide the optimum delay for a wide 
range of motor speeds. Since the commutation of 
motor current typically causes transients, the circuit 
also provides a noise blanking function which prevents 
response to back-emf comparison events for a period 
of time equal to 0.71 of the interval (between events) 
after the comparison event. The commutation delay 
can be externally modified by ±15% with the INCOM 
pin. The commutation states are shown in Table 1. 

Input pin VIN is the non-inverting input of a linear 
transconductance amplifier which uses the lower 
driver transistor that is presently active per the commu­
tation state as the power driver element. An external 
resistor is used to sense the current in the drive 
transistor source (and hence the motor coil current). 

TABLE 1: Output Driver States 

The voltage across the sense resistor is amplified by a 
gain stage (Av=4) and fed to the inverting input of the 
transconductance output stage. Input voltage VIN 
must be generated from external means that use either 
REVCLK or other external rotational index indicators to 
measure rotational speed. 

Four operating conditions are selected via BRAKE and 
RESET. With BRAKE and RESET asserted (low), 
outputs A, B, and C are low impedance to ground, 
(without current limiting function) and analog circuits 
are de-biased. This is the "sleep" condition. It also 
provides dynamic braking to the motor. With BRAKE 
asserted, and RESET de-asserted, drivers are low 
impedance to ground (without current limit function) 
and the analog circuitry is biased. For RESET as­
serted, BRAKE de-asserted, the output drivers are in a 
high impedance state. This will allow the user to take 
energy from the back-emf of a spinning motor for 
retracting heads. Normal operation is given for BRAKE 
and RESET de-asserted. 

Note that circuit utilizes NMOS driver transistors and 
does not require a Schottky blocking diode to prevent 
current flow from the spinning motor to the power 
supply. During RETRACT conditions, the motor is 
isolated from VM. 

PULL DOWNS PULL UP 
STATE COM MU A B c UPA UPB UPC 

0, (Reset State) 1 off on, (off) off on off off 
1 0 off off on on off off 
2 1 off off on off on off 
3 0 on off off off on off 
4 1 on off off off off on 
5 0 off on off off off on 

TABLE 2: Rout Low to SENSE 

BRAKE RESET CONDITION ANALOG COUNTERS A,B,C 

0 0 SLEEP/BRAKE OFF RESET Rout low to SENSE 

0 1 BRAKE ON ACTIVE Rout low to SENSE 

1 0 RETRACT ON ACTIVE FLOAT 

1 1 RUN ON ACTIVE ACTIVE 

Motor starting is accomplished with a companion microprocessor utilizing ADVANCE, RESET and COM MU. The 
microprocessor can assert RESET to initialize the commutation counter and then increment the counter with 
ADVANCE. ADVANCE at logic high excludes internal commutations. COMMU provides feedback to the 
microprocessor on motor activity. 
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PIN DESCRIPTION 

NAME TYPE 

RESET I 

BRAKE I 

SYSCLK I 
·-·-·-

COMMU 0 

REVCLK 0 

-· 

ADVANCE I 

VM 1 - 10 Power 

INCOM I 

VIN I 

------· 
SENSE1 Power 
SENSE2 
SENSE3 
SENSE4 

A,B,C 0 

CT I 

vcc Power 

1291-rev. 

SSI 32M7011 
Hal 1-Sensorless 

Motor Speed Commutator 

DESCRIPTION 

Refer to Table 2. 

BRAKE is used to provide a delay between the initiation of Fault-induced 
head retract and motor braking. A capacitor to ground and a resistor to 
RESET are selected such that 1.2•R•C is equal to the maximum lime 
required for retract. 

2.0 MHz clock input signal. 
------- -·---

COMMU is the LSB of the commutation counter. 

Indicates 1 revolution of 4-pole motor, 1/2 revolution of 8-pole, and 1/3 
revolution of 12-pole motor. 

ADVANCE is used to increment the commutation counter. The rising 
edge of ADVANCE will increment the counter. ADVANCE held high will 
inhibit internal incrementing of the counter, ADVANCE held low permits 
the normal commutation due to back-emf events. 

Motor Power Supply. 

Adaptive commutator delay trim. Generally a no-connect. 

Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with the SENSE input and the 
gain of the sense amplifier, transconductance (Gm) will be Gm= Im/VIN 
= 1/ (Rs•4). The voltage at VIN must be controlled by external circuitry 
to accomplish speed control. 

Current monitoring sense amplifier (high side) input pin. The lower 
driver transistor current (hence motor current) is sent through a current 
sensing resistor to monitor motor current. The circuit will control the 
voltage across this resistor (multiplied by the gain of 4 in the sense 
amplifier) to match VIN. 

Motor Drive Outputs. These pins provide drive to the motor coils. 

Back-EMF input from motor coil center tap. Input connected to the 
center tap for sensing generated back-emf voltages. The circuit uses 
the back-emf voltages to determine rotor position and effect commuta-
tion. 3 equal value resistors from A, B, and C attached to CT will suffice 
to synthesize a center-tap potential on three terminal motors. 4 terminal 
motors should use this terminal. 

-------
5-volt power pin. 

7-45 



SSI 32M7011 
Hal 1-Sensorless 
Motor Speed Commutator 

PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

V BRAKE 0 External capacitor to store charge for driver circuitry. The stored charge 
is used by the lower drivers in fault conditions to achieve dynamic braking. 

GND - Ground connection. GND is the low side input to the current SENSE 
amplifier and care should be taken to see that GN D and the low side of the 
sense resistor are at the same potential. 

OTSD 0 Indicates over temperature condition and forces drivers off. Operation 
after cool down is restored by asserting ADVANCE. 

R RAMP I External resistor. Sets DV/DTfor lower driver turn-off. DV/DT is approxi-
mately 109 

25 • (Volts I Second) 
RRAMP 

UNIPOLAR I Select line for Unipolar or Bipolar mode. UNIPOLAR= low will de-activate 
upper drivers. Note: for BRAKE and SLEEP modes user must guarantee 
that external Unipolar driver transistor(s) do not conflict with lower driver 
transistors on circuit. 

TEST 1/0 No connect, leave open circuited. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 
device reliability.) 

PARAMETER SYMBOL MIN MAX UNIT 

Supply Voltage vcc -0.3 7 v 
VM -0.3 7 v 

Digital Inputs/Outputs SYSCLK,ADVANCE -0.3 vcc +0.3 v 
COMMU, REVCLK 

Analog 1/0 VIN, RRAMP, -0.3 vcc +0.3 v 
INCOM, TEST 

Motor Interface Voltage CT, A, B, C, BRAKE, -0.3 20 v 
SENSE, RESET 

Motor Interface Current A, B, C, VM, SENSE -1.0 +1.0 A 

Storage Temperature, -65 150 oc 
Tstg 

Lead Temperature, Tlead - 300 oc 
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SSI 32M7011 
Hal I-Sensor less 

Motor Speed Commutator 

ELECTRICAL SPECIFICATIONS 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER SYMBOL CONDITIONS MfN TYP MAX UNITS 

Supply Voltage vcc 4.75 5.25 v 
VM 4.75 5.25 v 

Supply Current ICC 1.0 10.0 mA ----

ICC, Sleep Mode 0.05 1.0 mA 

IVM 0 0.75 A 

IVM, Sleep Mode 0 1.5 mA 

Ambient Temperature Ta 0 70 oc 
Capacitive Load 
Digital 1/0 Cl 0 100 pF 

DIGITAL INPUTS 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Fmax, SYSCLK 1.0 2.0 4.5 MHz 

Twh, Twl, SYSCLK width high or low 40 ns 

Advance Pulse Width 200 ns 

Input Leakage, others 1 µA 

Vil (SYSCLK, ADVANCE) 0.8 v 
Vih (inputs above) 2.0 v 
Vil (RESET, BRAKE) VBRAKE ~ 4.5V 0.8 v 
Vih (RESET, BRAKE) VBRAKE ~ 4.5V 2.0 v 

DIGITAL OUTPUTS, COMMU, REVCLK 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Voh lout= -100 µA 2.4 v 
Vol lout= 2.0 mA 0.4 v 

VIN 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Voltage 0 2.25 v 
Input Current 0 ~Vin< 2.5V -1 +1 µA 
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SSI 32M7011 
Hal 1-Sensorless 
Motor Speed Commutator 

ELECTRICAL SPECIFICATIONS (Continued) 

OUTPUTS A, B, C 

PARAMETER CONDITIONS 

Routup Output in high state 
VM =4.75V 

Routlow Output driving low, 
VM =4.75V 

SENSE 

Vin, SENSE Normal operation 

lin, SENSE 0.0 ~Vin< 1.0V 

Cin 

MIN TYP 

0.05 

0.05 

0.0 

-10 

Transconductance gain from VIN to motor current (steady-state) will be given by: 
G = lmotor/VIN = 1/Rsense • 4. 

CT 

Rin -0.3V ~Vin< 15V 30K 

Cin 

V BRAKE 

lbst (run) VCC =4.75V 

lbst (float) VCC~0.5V 25 

lbst (brake) VCC~0.5V 3 
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MAX UNITS 

1.0 Q 

1.0 n 

0.5 v 
+10 µA 

20 pF 

10 pF 

100 µA 

100 µA 

10 µA 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

INCOM 
UNIPOLAR 

N/C 
RESET 
BRAKE 

VIN 
GND 
VM1 

SENSE1 
VM2 
VM3 

c 
VM4 
VM5 

SENSE2 
V BRAKE 

OTSD 
VM6 

1 36 
2 35 
3 34 
4 33 
5 32 
6 31 
7 30 
8 29 
9 28 
10 27 
11 26 
12 25 
13 24 
14 23 
15 22 
16 21 
17 20 
18 19 

36·Pin SOM 

SSI 32M7011 
Hal 1-Sensorless 

Motor Speed Commutator 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

ADVANCE 
COM MU 
N/C 
N/C 
REVCLK 
SYSCLK 
RRAMP 
vcc 
SENSE4 
VM10 
VM9 
A 
VM8 
VM7 
CT 
TEST 
SENSE3 
B 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

II 
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FEATURES 

• PC AT/XT Bus Interface 

Single Chip PC AT/XT Controller 
Suppons ST506/412, ST412HP, ESDI, and 
SMD disk Interfaces 
Direct bus Interface logic with on-chip 
24 mA drivers 
Logic for daisy chaining 2 embedded 
controller drives on a PC AT 
Suppons 15 Mblt/s concurrent disk 
transfer on a 12 MHz PC AT without wait 
states 

• Buffer Manager 

1091 - rev. 

Suppons Buffer Memory throughput to 
8 Mbytes/s 
Direct Buffer Memory addressing up to 
64 kB static RAM 
Dual pon circular buffer control 
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SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 
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• Storage Controller 

NRZ Data rate up to 15 Mblt/s 
Selectable 16-blt CRC or 56-blt ECC 
polynomial with fast hardware correction 
circuitry 
Suppons sector level defect 
management 
Suppons 1 :1 Interleaved operation 

• Microprocessor Interface 

Suppons both Intel 8051, and Motorola 
68HC11 family of microprocessors 
Interrupt or polled microprocessor 
Interface 

• Others 

Low power CMOS technology 
Plug and Play compatlble with Cirrus 
CL·SH 260 chip 
Available In 84-pin PLCC or 100-pln QFP 

BCLK 

BA0:15 

800:7 

WAU!AMOISECTOR 

INDEX 

INPUT/OlJTPUT 

AG 
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SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

DESCRIPTION 

The SSI 32C260 is a CMOS VLSI device which inte­
grates the major portion of the hardware needed to 
build a PC AT/XT driven hard disk controller. The 
32C260 is capable of supporting interleaved data 
transfer rate up to 15 Mbit/s. This chip represent a 
major reduction in part count when used with the SSI 
32P4620, Pulse Detector and Data Separator combo 
chip, andthe SSI 32R4610, Read/Write device andthe 
SSI 32H4631, Servo and Motor Speed Controller de­
vice, implementing a powerful and cost efficient 4-chip 
set hard disk drive solution. It also has the flexibility to 
be used as a stand-alone combo controller. 

The SSI 32C260 includes all the circuitry for a direct 
connection to an AT/XT bus interface, a dual port 
Buffer Manager, a storage controller and an extensive 
hardware support, including 24 mA drivers, for the PC 
AT!XT and other compatible interfaces. 

The SSI 32C260 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization, ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

FUNCTIONAL DESCRIPTION 

The major functional elements and data paths of the 
SSI 32C260 are shown in the block diagram. 

The four major functional blocks are: 

Buffer Memory Interface, 

Microcontroller Interface, 

Disk Formatter,and 

Host Interface. 

The SSI 32C260 performs the functions to interface a 
serial data storage device such as a Winchester Disk 
Drive, to a parallel bus interface for data processing on 
a byte wide basis. The functions necessary to accu­
rately make this conversion are serialization/ 
deserialization, error detection and correction, and 
data path control. The SSI 32C260 also has a general 
purpose interface line to further facilitate control of the 
data storage device or parallel interface. An eight byte 
stack allows data to be saved and reviewed by the 
microprocessor for error handling purposes. The inter­
nal sequencer performs most of the operations in 
conjunction with the control and status registers. The 
sequencer program is contained in an internal se-
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quencer RAM, which is easily (re)programmed provid­
ing almost infinite flexibility in drive format and control 
features. A microprocessor effects both initialization 
and control of the SSI 32C260 by writing to and reading 
from the internal registers, sequencer RAM, stack and 
general purpose 1/0 circuitry. The microprocessor in­
terface block of the SSI 32C260 provides the commu­
nication and control for the SSI 32C260 to the micro­
processor. For a complete description of the 
programmable registers, refer to the SSI 32C260 
Design Gulde. 

BUFFER MEMORY INTERFACE 

The buffer memory interface, referred to as the Buffer 
Manager includes a bi-directional data bus that ex­
changes data bytes between an external buffer 
memory and the serializer/deserializer or the host 
interface. The circuitry allows the use of static RAM as 
a dual port circular Fl FO, and supervises data transfers 
to and from the RAM. The device contains logic that 
resolves disk and host requests. The arbitration is 
achieved by giving priority to the disk and utilizing 
internal data Fl FO's for temporary host and disk data 
storage. 

The Buffer Manager is capable of handling buffer sizes 
from 256 bytes to 64K bytes. The circuit provides up to 
16 direct address signals, along with Memory Output 
Enable (MOE) and Write Enable (WE) signals. The 
buffer RAM address is generated from one of two 16-
bit counters, one of which being the write address 
pointer (5CH & 5DH) and the other the read pointer 
(5AH & 5BH). The address generation as well as the 
memory control signals are synchronous to the Buffer 
Clock (BCLK), allowing the user many choices of buffer 
RAM speeds, with different combinations of the disk 
and host transfer rates. 

The Buffer Memory Interface is a dual port buffer 
controller that allows low speed static RAM's to be 
configured as a dual port circular FIFO buffer. It gener­
ates all the buffer memory addressing required and 
manages two ports: Port A, a synchronous peripheral 
device interface and Port B, an asynchronous host 
interface. The Buffer Manager has arbitration logic to 
support the AT or XT host transfers under OMA control 
or Programmed 1/0 control. 

On-chip counters generate the addresses (BAO-BA 15) 
needed to access up to 64K of external static RAM. 
Along with the addresses, the Buffer Manager block 
outputs a Memory Output Enable (MOE) and a Write 
Enable (WE) signal for a static RAM buffer. 
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The address generator contains two 16 bit pointers, the 
read address pointer (RAP) and the write address 
pointer (WAP), which indicate where in the external 
buffer RAM data is to be read or written. During data 
transfers, these pointers are automatically 
incremented as the RAM is accessed. The pointers 
wrap around to O when the programmed buffer size is 
exceeded. To prevent host overruns of the buffer 
(caused by one of the pointers overtaking the other), 
the address generator includes a 16-bit stop pointer 
(5EH & SFH). The microprocessor loads SP with the 
last address in buffer memory to be accessed during a 
host OMA transfer. When the port B address (RAP 
during an upload to the host or WAP during a download 
to the peripheral) reaches the value in SP, the OMA 
transfer is automatically suspended. 

The period of the Buffer Memory access cycle is 
determined by programming bits 6 and 7 of CLOCK 
CONTROL, register 7FH, and is based on the BCLK 
input. The period of the Buffer Memory access cycle 
determines the access time requirement for the buffer 
RAMs. The C260 samples the data from the RAM atthe 
falling edge of the BCLK signal. Buffer Memory 
throughput and the RAM speeds can be determined 
from the following equations: 

Buffer Memory Throughput = 

1 I Period of Memory Access Cycle 

For Buffer Memory Read: 

Max. Read Access Time= T1 -Av max - Dismin 

Min. Output Enable = (T1 /2) - Mv max - Dismin 

For Buffer Memory Write: 

Address set up to WE t = T1 - Av max+ Whmax 

Data set up to WE t = Min. Output Enable 

= (T1 /2) - Mv max - Dismin 

Note: For an explanation of Avm•x' Dismin• Mvmax' 
Whmax• Dovmax parameters, refer to Buffer 
Memory Read/Write Timing Parameters. 
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SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

MICROPROCESSOR INTERFACE 

The microprocessor interface decodes microproces­
sor read and write requests and provides access to the 
appropriate register or internal memory location. Since 
both data and address information are carried on the 
multiplexed bus lines ADO-AD7, address information is 
latched from the bus on the falling edge of the micro­
processor signal, Address Latch Enable (ALE). When 
CS is asserted along with either RD or WR, the register 
whose address was previously latched is selected. The 
addresses and names of all the accessible registers 
are shown in the Register Address Map. The micropro­
cessor should not read or write the sequencer RAM 
while the sequencer is running, since there is no 
circuitry to resolve conflicting accesses and incorrect 
sequencer operation will result. 

The status and control registers make status informa­
tion available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
applications. The microprocessor can monitor the sta­
tus of transfers in progress and control the ECC regis­
ter operation, the ECC polynomial, the clock genera­
tion hardware, the sequencer program execution, 
buffer size, read and write pointers, and stop pointers. 
The microprocessor also has access to the 
sequencer's microprogram RAM so that it loads the 
microcode for all controller operations. 

DISK FORMATTER 

The serializer/deserializer circuit interfaces the parallel 
buffer memory bus to serial NRZ data stream of the 
peripheral device. Byte synchronization is maintained 
with a bit ring, which is an 8-bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
sequencer instruction. The bit ring continues to oper­
ate until the end of the field (ECC written or read). 
During write operations, the sequencer may cause 
address marks and sync patterns to be loaded into the 
serializer instead of data bytes. These special patterns 
are contained in a sequencer instruction and are trans­
ferred to the serializer over an internal byte wide data 
path. During read operations, bytes of overhead in­
formation may be routed to the stack or sequencer for 
comparison against target values. This process is 
controlled by the control field (SEOCONF) in each 
sequencer instruction. 

The eight byte recirculating stack may be used to 
capture read data for later examination by the micro­
processor. Data is pushed onto the stack under se-



SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

quencer control. The control bit STACKEN in the 
sequencer instruction field SEQCONF in the se­
quencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
from the top of the stack by the microprocessor via the 
STACK register, the data is recirculated to the bottom 
of the stack, allowing the stack contents to be exam­
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 

Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedback that performs ECC or CRC generation and 
checking. The feedback taps for the desired polynomi­
als are fixed as follows and the user may select 
between the 16-bit CRC, 32-bit ECC, or the 56-bit ECC 
as desired. This selection is accomplished by program­
ming the WCS COUNT FIELD and the ECC CON­
TROL register (Register 71H, bit 6). 

In the forward direction, the options available include: 

CRC polynomial which is the CCITT CRC code: 
x1s + x12 + x s + 1 

32-bit ECC polynomial: 

x32 +x2e +x26 +x1e +x11 +x10 + xs +x2 + 1 

56-bit ECC polynomial: 

x56 +x52 +xso +x43 +x41 +x34 + xoo +x26 +x24 +xs + 1 

The reverse polynomial options include: 

32-bit ECC polynomial: 

x32 +xoo +x26 +x22 +x1s +x13 + xs +x4 + 1 

56-bit ECC polynomial: 

x56 +x48 +x32 +xoo +x26 +x22 + x1s +x13 +xs +x4+ 1 

The 56-bit polynomial can detect single burst errors up 
to 56 bits in length, and double-burst errors, where the 
combination of bursts is less than or equal to 41 bits. 
This polynomial can also correct single-burst errors up 
to 23 bits in length. The 32-bit ECC polynomial is the 
standard polynomial found in IBM PC AT controllers. 

The forward and reverse polynomial is selected by 
programming ECC CONTROL (Register 71H, Bit 7). 
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Whichever polynomial is selected, the ECC/CRC shift 
registers always start preset to all 1 s. 

The sequencer controls the time critical operations of 
the SSI 32C260. It executes programs stored in the 28 
word by 32-bit sequencer RAM, and can be pro­
grammedto support hard and soft sectored read, write, 
search, and verify operations for a wide variety of 
Winchester Disk Drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined In the Sequencer In­
structions of this data sheet. Each instruction is com­
prised of four bytes. Each of the four bytes represents 
a function of the sequencer operation. They are ad­
dress field, control field, data type field, and data field. 
The organization of these fields is shown in the Regis­
ter Bit Map in the SSI 32C260 Design Guide. The 
Sequencer Registers provide control from and status 
to the microprocessor and sequencer. They contain 
branch, next, and start addresses, and sequencer 
status information. The SEQUENCER STATUS reg­
ister provides information on the sequencer state such 
as whether an ECC error occurred, a compare equal or 
low occurred, if the branch condition or address mark 
is active, or whether the sequencer is halted. 

HOST INTERFACE 
The internal receivers and drivers on the host interface 
block allow the device to connect directly to the PC 
Host bus. The drivers are capable of sinking up to 24 
mA and drive a load up to 300 pF. 

The wait state generator extends the Host 1/0 cycle 
and inserts wait states by asserting IOCHRDY. This 
generator is only active during Programmed 1/0 trans­
fers and works in two ways: 1) inserting programmed 
number of Buffer Memory Cycles for every host access 
of the device, and 2) asserting IOCHRDY only when 
the device is not ready for the transfer. Register 58H, 
Bits 0 and 1, program the wait states cycles and Bit 2 
asserts IOCHRDYwheneverthe device is not ready for 
transfer. 

The auto decoding circuitry allows the device to speed 
up the performance of the controller by decoding Write 
commands that require data transfer from the Host to 
the Buffer Memory. These commands include Format 
(5XH), Write Buffer (ESH), Write or Write long (3XH). 
The device automatically starts accepting data without 
the local microcontroller control when any of these 
commands are loaded into the COMMAND REGIS­
TER by the host. If interrupts are enabled, the device 
generates an interrupt to the local microcontroller. The 
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PC STOP POINTER (Registers SEH and SFH) is 
initialized to 01 FFH. If DISABLE STOP POINTER 
COMPARE (Register S2H, Bit 6) is set, the local 
microcontroller must initialize the PC STOP POINTER 
to enable comparison of the WRITE ADDRESS 
POINTER (Registers SCH and SDH) with the HOST 
STOP POINTER. The Formatter disconnects from the 
Buffer Manager on receiving one of these commands. 
It also disables write access by the local 
microcontroller to the OMA CONTROL REGISTER 
(S3H) and WRITE ADDRESS POINTERS (SCH and 
SDH). In addition, read/write access to the BUFFER 
MEMORY ACCESS REGISTER. Access to these 
registers is enabled when the local microcontroller 
writes to AUTOCOMMAND "LOCK" RELEASE regis­
ter (73H). 

PIN DESCRIPTION 

GENERAL 

NAME TYPE DESCRIPTION 
vcc +SV POWER SUPPLY 

BGND BUFFER BUS GROUND 

LGND LOGIC GROUND 

HGND HOST GROUND 

HOST INTERFACE 

SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

The ECC bytes are transferred to and from the host by 
enabling by Bit 1 of the command byte by the host, 
indicating Read and Write Long command. If a Read or 
Write Long command is received, Buffer Memory 
transfers to/from the Host will exceed the PC STOP 
POINTER (Registers SEH and SFH) by the count of 
ECC bytes. Initially the PC STOP POINTER is set at 
the end of the Data Field. When the active READ 
ADDRESS POINTER (Registers SAH and SBH), or 
WRITE ADDRESS POINTER (Registers SCH and 
SDH), matches the PC STOP POINTER (Registers 
SEH and SFH). the internal FIFO will be emptied of the 
word width data, the PC STOP POINTER gets 
incremented by the count of ECC bytes. The ECC 
bytes will then be transferred in Byte Mode. 

A0:2 I HOST ADDRESS LINES. These pins are used to address the internal registers by the AT 
bus. 

A9/HCS1 I HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. A9, this pin is used in conjunction with 
the A0:2 address lines to address the internal task file registers. HCS1 is an active low pin, 
used to qualify Host access. 

HCSO I HOST CHIP SELECT 0. Active low, this pin selects access to the control, status and data 
registers. 

IOCS16 0 1/0 SELECT 16. An open drain output that indicates that a 16-bit sector buffer transfer is 
active. 

HINT 0 HOST INTERRUPT. Asserted to indicate to the Host that the controller needs attention. 

IOCHRDY 0 1/0 CHANNEL READY. Active low, this signal is asserted whenever that internal host 
FIFO is not ready to transfer a word. 

DREQ 0 OMA REQUEST. This pin is programmed to function as the PC/AT bus signal in the PC/ 
AT OMA mode. 

DACK I OMA ACKNOWLEDGE. Active low, in the PC/AT OMA mode this pin is programmed to 
be the PC/AT channel signal - DACK. 

IOR I INPUT READ SELECT. Active low, this pin is asserted by the Host during a Host read 
operation. 

IOW I INPUTWRITESELECT. Active low, asserted by the HOST during a HOSTwriteoperation. 

1091 - rev. 8-5 
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PC AT/XT 15 Mbit/s 
Combo Controller 

NAME !TYPE I DESCRIPTION 

HOST INTERFACE (Continued) 

HR ES ET I HOST RESET. This signal resets all commands in progress when active, and initializes 
the control/status registers. 

HDB 15:0 110 HOST DATA BUS. Active high bi-directional pins. These bits are used for data transfers 
between the Host and the Buffer Manager. 

DISK INTERFACE 

INDEX I INDEX. Input for index pulse received from the drive 
INPUT/ 1/0 INPUT/OUTPUT. A general purpose control and status pin. It can be either an input or 
OUTPUT an output. At power-on, this pin is an input. 
WAM/ 1/0 WRITE ADDRESS MARK/ADDRESS MARK DETECT/SECTOR. This pin becomes 
AMD/ an active low address mark detect if read gate is on, or write address mark if write gate 
SECTOR is on. It operates in hard or soft sector modes. The default is soft sector. In hard sector 

mode this is the input for the sector pulse. 
AG 0 READ GATE. During NAZ data read. this pin is asserted. 
WG 0 WRITE GATE. During NAZ data write, this pin is asserted. 
RD/REF/ I READ/REFERENCE CLOCK. This pin is used in conjunction with the NAZ pin to clock 
CLK data in and out of the SSI 32C260 device. 
NAZ 1/0 NAZ. This pin is used in conjunction with the AG and WG when reading and writing from 

and to the disk. 

MICROPROCESSOR INTERFACE 

AST I RESET. Active low input, when pulled low, the internal registers of the SSI 32C260 are 
held at reset. 

ALE I ADDRESS LATCH ENABLE. This control signal latches the address on the address/data 
lines. 

cs I CHIP SELECT. Active high signal, when asserted, the internal registers ofthe SSI 32C260 
can be accessed. 

WR I WRITE. Active low input, when active the data is written to the internal registers. 
RD I READ. Active low input, when active that data is read from the internal registers. 
INT 0 INTERRUPT. Push-pull or open-drain signal, when active, indicates local microcontroller 

interrupt. 
AD7:0 1/0 ADDRESS/DATA BUS. 8-bit bus for both microprocessor register address and data. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MANAGER ADDRESS LINES.Active high, for direct connection to a static RAM. 
BD0:7 1/0 BUFFER MANAGER DATA BUS. 7 through 0. Active high, buffer data bus that connects 

directly to the buffer RAM. 
MOE 0 MEMORY OUTPUT ENABLE. Active low select for the buffer RAM. 
WE 0 WRITE ENABLE. Active low, write enable for the buffer RAM. 
BCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 

generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Ambient Temperature Under Bias 

Storage Temperature 

RATING 

Oto 70 

-65 to 150 

SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

UNIT 

oc 
oc 

Voltage On Any Pin With Respect To Ground GND-0.5 to VCC+0.5 v 
Power Dissipation 0.750 Watt 

Power Supply Voltage 7 v 
Max Current Injection 50 mA 

9ja =Thermal Resistance (QFP) 60 °C/W 

9ja =Thermal Resistance (PLCC) 32 °C/W 

NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS 

PARAMETER CONDITIONS 

vcc Power Supply Voltage Operating 

VIL IQQut Low Volt;m_e 

VIH Input Hjg_h Volt;m_e 

VOL(1)* Output Low Voltage IOL= 2 mA 

VOL(2) Output Low Voltage IOL= 24 mA 

VOH Output High Voltage IOH = -400µA 

ICC Supp_!y_ Current 

ICC...s. Supply Current Standby All Inputs at GND or VCC 

IL IQIDJt Leakgg_e Current O<VIN<VCC 

CIN ln_e_ut C'!P_acitance 

COUT Ou!Q_ut C~acitance 

NOTE: (1) All output pins except for host interface signals 
(2) Host interface outputs 
(*) IOL = 4 mA for RG and WG 

8-7 

MIN NOM MAX UNITS 

4.5 5.5 v 
-0.5 0.8 v 
2.0 VCC+0.5 v 

0.4 v 
0.5 v 
2.4 v 
50 mA 

250 µA 

-10 10 uA 
10 pF 

10 _Qf 



SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

AC CHARACTERISTICS 

The following timings assume that all non-Host Bus output pins will drive one Schottky TTL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage ol 5V±10%, and an ambienttemperature of 0°C to 70°C. 

Host OMA 8/1 &-Bit Interface Timing Parameters (Figure 1) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

DREQL DREQ low from DACK low 80 ns 

ROTA IOR low to HD [0:15] valid 60 ns 

RDHLD IOR high to HD [0:15] tri-state 0 20 ns 

WDS HD (0:15] setup to IOW high 40 ns 

WOHLD HD [0:15] hold from IOW high 10 ns 

RWPULSE IOR/IOW pulse width 80 ns 

' 
~: 

·~ ... ~~~~~~~~~~~~~~~~~ 
' DREQL 

,~~~~~~~~~· 

,.... RW PULSE .. : 

HD[0:15) (read) 

HD10:15) (write) , 

WDS WOHLD 

FIGURE 1: Host OMA 8/16-Bit Interface Timing 
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SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

HOST Programmed 1/0 8-16-Blt Timing Parameters (Figure 2) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CS16L HCSO low, A0:2, A9 low, or 20 ns 
HCS1 high to IOCS16 low 

IOCHL IOR/IOW low to IOCHRDY 25 ns 
low 

IOCHTW* IOCHRDY pulse width 0 5xBCLK ns 

ROTA IOR low to HD[0:15] valid 60 ns 

RDHLD IOR high to HD[0:15] tri-state 0 20 ns 

WDS HD [0:15] setup to IOW high 40 ns 

WOHLD HD[0:15] hold from IOW high 10 ns 

RWPULSE IOR/IOW pulse width 80 ns 

AD RS ET HCSO, A0:2, A9/HCS1, 25 ns 
setup to IOR/IOW low 

ADRHLD HCSO, A0:2, A9/HCS1 hold, 10 ns 
from IOR/IOW high 

*Maximum specification applies when Auto Wait State Generation is disabled (Register 58H, Bit 2 is reset.) 

A0'2,A9 

... .., 
' ADRSET 1 

IOCHL ____.i 
I 

RW PULSE , ... 
ADRHLD 

I 

'~--~ 
, ... IOCHTW .. : 

HD[0:15J (read) 1 1 

---------'----~y--:~· ~---------
ROTA 

... .._.i 
I RDHLD 

WDS I WOHLD 

FIGURE 2: Host Programmed 8/16-Bit Timing 
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Mlcrocontroller Interface Timing Parameters (Figures 3, 4) 

PARAMETER CONDITIONS 

Ta ALE Width 

Taw ALE.i,to WRITE ,j, 

Tar ALE,j,to READ ,j, 

Tw WR Width 

Tr RD Width 

As Address AD [0:7] 
valid to ALE,j, 

Ah ALE .i,to Address 
AD [0:7] invalid 

Cs ALE .i,to CS valid 

Ch RD tor WR tto CS .i, 

Wds Write Data AD [0:7] 
valid to WR t 

Wdh WR tto Write Data 
AD [0:7] invalid 

Tda RD.i,to Read Data 
AD [0:7] valid 

Tdh RDtto Read AD [0:7] 
float (undriven) 

NOTE: .i. Indicates falling edge. t Indicates rising edge. 

I 

ALE L ... ~ 
I Ta 

I I 

I 

MIN NOM MAX 

45 

25 

25 

140 

140 

5 

20 

5 

0 

55 

10 

100 

50 

I I ,, ,, ______ .................. . 
;wds1Wdh1 

AD [0:7] IN ~ ..,,, ....... 
As Ah 

I I 

cs 
,.__.., 
, Cs 

I ... : .... 
Taw Wit .... 

FIGURE 3: Register Write Timing 
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UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ALE 

cs 

FIGURE 4: Register Read Timing 

Disk Read/Write Timing Parameters (Figures 5, 6) 

PARAMETER CONDITIONS 

T RD/REF CLK Period 

T/2 RD/REF CLK High/Low Time 

Tr= Tf RD/REF CLK Rise and 
Fall time 

Ds NRZ valid to RD/REF CLK t 
Dh RD/REF CLKtto NAZ invalid 

As* AMD valid to RD/REF CLK t 

Dv RD/REF CLKtto NRZ 

Wv* RD/REF CLKtto WAM 

NOTE: .a,. Indicates falling edge. t Indicates rising edge. 

•These specifications are only applicable in the Soft Sector Mode. 

NRZ (read) 

FIGURE 5: Disk Read Timing 
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MIN 

62.5 

23 

15 

10 

15 

10 

10 

SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

.... .., 
I Tdh ~ 

NOM MAX UNITS 

ns 

ns 

5 ns 

ns 

ns 

ns 

40 ns 

40 ns 

Tr 

-.....: :....._ 
;----

II 
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RD/REFCLK / 

NRZ,write} 

wm 

" 

NOTE: NRZ DATA changes after the rising edge of RD/REF CLK. 

;r 
' ''4 ... 
' Dv I 

I II 

' ''4 ... 
' Wv I 

I ,, 

FIGURE 6: Disk Write Timing 

Register 70H Access Timing Parameters (Figures 7, 8) 

PARAMETER CONDITIONS 

To RD.,,to MOE.,_ 

Tda 80[0:7] valid to AD[0:7] valid 

Trh RDtto AD[0:7] invalid 

Toh RD tor WR tto MOE t 
Taw AD[0:7] valid to WE.,_ 

Tao AD[0:7] valid to MOE.£. 

Tad AD[0:7] valid to 80[0:7] valid 

Twwh WRttoWEt 

Twdh WRtto 80[0:7] invalid 

NOTE:.,_ Indicates falling edge. t Indicates rising edge. 

~ I 
I 1.- .. I 1.-

I To I I Toh 
~ I I 

BOO: 

ADO: 
I 

-.:Tda~~ Trh 

" 

MIN 

50 

I 
.. I 

I 
I 

FIGURE 7: Register 70H Read Timing 
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.1, 

' ~-
, Dv : 

:~ 
' ~· 
' Wv ' 

f 7 y--

NOM MAX UNITS 

40 ns 

55 ns 

50 ns 

40 ns 

55 ns 

55 ns 

55 ns 

40 ns 

ns 
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ADO: 

I 
~I 

: .. ..I 
'lmO: I Tm> I 

Toh I 
I I 

i.....----.1 I 
I T- I I I 

WE I I .. ..I 
Twwh 

1,. 
I Twdh I 

BD(!!:zjoin .. < I .. 
I Tad I 

FIGURE 8: Register 70H Write Timing 

Buffer Memory Read/Write Timing Parameters (Figure 9) 

PARAMETER CONDITIONS MIN 

Te BCLK Period 41 

Te/2 BCLK High/Low Time 16 

Ter=Tef BCLK Rise and Fall Time 

T1 BUFCLK* Period 125 

Av BUFCLK*,£.to BA[0:15) valid 

Dov BUFCLK*tto BD[0:7) valid 

Doh BUFCLK*tto BD[0:7] invalid 0 

Mv BUFCLK* tto MOE ,£. 

Mh BUFCLK* .i..to MOE t 10 

Wv BUFCLK*tto WE .i.. 

Wh BUFCLK*,£.to WE t 5 

Oma MOEtto BA[0:15) Hold 10 

Dis BD[0:7] valid to BUFCLK*.i.. 5 

Dih BUFCLK*,£.to BD[0:7] invalid 10 

TBbr BCLKtto BUFCLKt 

TBbf BCLK"-to BUFCLK,£. 

NOTE: ,£.Indicates falling edge. t Indicates rising edge. 

SSI 32C260 
PC AT/XT 15 Mbit/s 
Combo Controller 

.. I 
I 

) 

NOM MAX UNITS 

ns 

ns 

5 ns 

ns 

65 ns 

50 ns 

ns 

30 ns 

35 ns 

30 ns 

30 ns 

30 ns 

ns 

ns 

24 ns 

21 ns 

• BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). If the Buffer Memory Access Cycle period 
is programmed to be a multiple of the period of BCLK pin, BUFCLK above refers to the Buffer Memory Access 
Cycles and the falling edge referred to above would be coinciding with the rising edge of the BCLK pin. 
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I 
I 

BCLK ~ 
TB/2 

TB 

~4 
llij 

TB/2 

I 
__.i : i-+-TBbf I I 

~ :~ BUFCLK 
___..., ~TBbr I 11 

I 
14 .,.1 

BA[0:15] I Av { 

IIDE 

BD [0:7] (buffer write) 

TB! TBr 
I I I 

~~ ~i+-
~~~~~~~~l~~~~~~~r;~~~~ 

.,.1 
/ 

I 
I 

14-~~~~~~T1~~~~~~~I 

'\ ;~~~~-
I 

{ 
I 
I 
I 
I 
I 
14 

I 
I 

.,.1 
Mv I 

I 

14 ... I 
I Wv 1 
I 
I 

1~----~·1 

I I 

: ~ !+-Dma1 

I I ).. I 
I I 
~ 
I Mh .l,~~~~r-~~~~ 
I 
I I 

~ 
I Wh I 

I 

14 .. I 
I Dovl I 

I I 

~ 
L_ I A' : 

I I 
14 ... I ..... I 
I Dis D1h I 

~B~D~[0~:7Ju(b~u~ffe~r~re=a~.__~~~~~~~~~~~~~~~~--',/ '--~~~~~~~~-
I I 

FIGURE 9: Buffer Memory Read/Write Timing 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

B04 

c:- ~ : BD3 .._ 
Q) Q as I BD2 
:i:: E 't: I BD1 
~a>a>, 

BOO ::;!£ 
JAOl: 

I WE --·m 
Q) ' cs 
(.)' WR 
~· 
Q) ' 

LGNO 

E· ml" - ' AD7 
Qj ' ADS =' e· ADS 

E· A04 
0' AD3 
(.)' 

AD2 e. 
.2 I AD1 

::;? ' ADO 
ALE 

Buffer Memory Interface 
--------------------------~ 
' ' I LO '<t C"> N....., O 0 I 
·~ ll ti ::( ::( ::( ::( ::( ::( i5 ij; lJ! ~ !;( ~ ~ :£ So! IJ! ::( ~ I mmmmmmmmmm+mmmmmmmmmm 

~em~~~~~~N-i~~~2~~~~~ 

12 0 74 
13 73 

72 
71 

70 

69 

66 

67 

66 

SS 
64 

63 

62 
61 
60 

59 
58 
S7 
56 

31 55 
32 54 

~~~~~~~~~~~~~~~~~~~~ra 

Disk Interface 

84-pln PLCC 

8-15 

- -- , 
HOBO 
HOB1 

HOB2 
HOB3 

HGNO 

HOB4 

HOBS Q) 
I (.) 

HOBB ' as 
HOB7 ' 't: 

HOBB 
•$ 
' .E 

HOB9 ' I/) 

HOB10 ' ::i 

HOB11 •al 
' ..... 

HGNO ' 
I/) 
0 

HDB12 '::i::: 
HOB13 ' 
HOB14 

HOB1S I 

HRESET • 

10W 
+SV 

CAUTION: Use handling procedures necessary 
for a static sensitive oorrponent. 
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PACKAGE PIN DESIGNATIONS (Continued) 
(TOP VIEW) 

Host Bus Interface 

100-pln QFP 

BAl 

BA2 

BA3 

BA4 

<D' BA5 
01 BAB 
Cll I 

BA7 a; I 
BAS 

E' BAS -· C:-• +5V 

0• BGNO 
E• BGNO 
<Di 

BA10 ~. ... , BA11 

~· BA12 
::J• BA13 

lX) I BA14 

BA15 

807 

BOB 

Buffer Memory Interface Microcontroller Interface 

ORDERING INFORMATION 

PART DESCRIPTION I ORDER NO. 

SSI 32C260, PC AT/XT Combo Controller 

84-Pin PLCC ! 32C260-CH 

100-Pin QFP 32C260-CG 

CAUTION: Use handling procedures necessary 
for a static sensitive COf11JOnent. 

Disk 
Interface 

I 

I 

OREO 1 ~ 
lOOlR!W: ~ 
FiCSO ' (I) 
A9/~ ~ E 
A2 I (/) 

Al 

AO 

HINT 

LGNO 

'::J 
' lXl 
' iii 10 
1I 

LGND 

rem' 
BCLK - • 
NAZ- - - - - - • 

' (I) RRCLK 1 ~ 0 

WG 1 .!/.! ~ 
AG I 0 <D 

l1Si ' E 
WMVAfYl!llSECTOR ' ________ ... 

PKG.MARK 

32C260-CH 

32C260-CG 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

©1990 Silicon Systems, Inc. 8-16 1091 - rev. 



DESCRIPTION 

The SSI 32C261 is a CMOS VLSI device which inte­
grates the major portion of the hardware needed to 
build a PC AT/XT driven hard disk controller. The 
32C261 is capable of supporting interleaved data 
transfer rates up to 24 Mbit/s. This chip represents a 
major reduction in part count when used with the SSI 
32P548 Pulse Detector and Data Synchronizer combo 
chip, the SSI 32R4610 Read/Write device, and the SSI 
32H4631 Servo and Motor Speed Controller device, 
implementing a low power and cost efficient 4-chip set 
intelligent drive solution. 

The SSI 32C261 includes a dual port Buffer Manager, 
a storage controller and an extensive hardware sup­
port, including 24 mA drivers, for the PC AT/XT and 
other compatible interfaces. 

The SSI 32C261 performs all the controller functions 
for the peripheral device, such as encoding and decod­
ing; serialization and deserialization; ECC generation 
and checking on the data stream, and CRC generation 
and checking on the header of the data stream. 

IOCS1G 

HINT 

A0:2 

A9JHCSi 

= 
OREO 

= 
T<'.m 
l5W 

HAESET 

K'lCHRl5'i' 
HOB0:15 

A00:7 

cs 
R15 
WR" 
ALE 

liST 

1NT 

BLOCK DIAGRAM 

SSI 32C261 
PC AT/XT Combo Controller 

With RLL (2, 7) ENDEC 

*M '%' Ui4 "''·';; ·6" '·' '' 
September 1991 

FEATURES 

• PC AT/XT Bus Interface 

Slngle Chip PC AT/XT Controller 
Direct bus interface logic with on-chip 
24 mA drivers 
Logic for daisy chaining 2 embedded 
controller drives on a PC bus In a master/ 
slave configuration 
Suppons host data transfer under OMA or 
programmed 1/0 for both PC XT and PC AT 
modes 

• Buffer Manager 

Suppons Buffer Memory throughput to 
8 Mbytes/s 
Direct Buffer Memory addressing up to 
64 kB static RAM 
Dual pon circular buffer control 

(Continued) 

BCLK 

MOE 

WE 

BA0:15 

000:7 

iWOISECTOR 

INDEX 

INPUTIOUTPUT 

AG 

WG 

RD/REFCLK 

NRZ_TEST 

SAD 

WD 

SDI ~~~::::.::::~----2--h§++£zt."°"?-::cl=:±::;--Y 
EAAIV 

= 
0991 - rev. 8-17 



SSI 32C261 
PC AT/XT Combo Controller 
With RLL (2, 7) ENDEC 

• Microprocessor Interlace FEATURES (Continued) 

• Storage controller 

2, 7 RLL ENDEC for up to 24 Mblts/s NRZ 
data rate 
Selectable 16-blt CRC or 56-blt ECC 
polynomial with fast hardware correction 
circuitry 

Supports both Intel 8051, and Motorola 
68HC11 famlly of microprocessors 

Interrupt or polled microprocessor 
Interlace 

• Others 

Internal power down mode 

Low power CMOS technology Supports sector level defect management 

Supports 1 :1 Interleaved operation 
Mates with SSI 32P548, SSI 32P5481 or SSI 
32P551 - Pulse Detector and Data 
Synchronizer combo for a low power 
laptop disk drive 

Fully software compatible with the Cirrus 
Logic CL-SH260 chip 
Available In a 100-pln QFP package 

PIN DESCRIPTION 

GENERAL 

NAME TYPE DESCRIPTION 

+5V POWER SUPPLY PIN VCC 

BGND BUFFER BUS GROUND 
LGND LOGIC GROUND 

HGND HOST GROUND 

HOST INTERFACE 

A0:2 I HOST ADDRESS LINES. These pins are used to address the internal registers by the AT 
bus. 

A9/HCS1 I HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. A9, this pin is used in conjunction with 
the A0:2 address lines to address the internal task file registers. HCS1 is an active low pin, 
used to qualify Host access. 

HCSO I HOST CHIP SELECT 0. Active low, this pin selects access to the control, status and data 
re_gjsters. 

IOCS16 0 1/0 SELECT 16. An open drain output that indicates that a 16-bit sector buffer transfer is 
active. 

HINT 0 HOST INTERRUPT. Asserted to indicate to the Host that the controller needs attention. 
IOCHRDY 0 1/0 CHANNEL READY. Active low, this signal is asserted whenever that internal host 

FIFO is not ready to transfer data. 
DREQ 0 OMA REQUEST. This pin is programmed to function as the PC/AT bus signal in the PC/ 

AT OMA mode. 
DACK I OMA ACKNOWLEDGE. Active low, in the PC/AT OMA mode this pin is programmed to 

be the PC/AT channel s_jg_nal - DACK. 
IOR I INPUT READ SELECT. Active low, this pin is asserted by the Host during a Host read 

operation. 
IOW I INPUT WRITE SELECT. Active low, asserted by the HOST during a HOST write 

operation. 
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SSI 32C261 
PC AT/XT Combo Controller 

With RLL (2, 7) ENDEC 

HOST INTERFACE (Contlnuac:I) 

NAME TYPE DESCRIPTION 
HRESET I HOST RESET. This signal resets all commands in progress when active, and initializes 

the control/status registers. 
HOB 15:0 1/0 HOST DATA BUS. Active high bidirectional pins. These bits are used for data transfers 

between the Host and the Buffer Manager. 

DISK INTERFACE 

INDEX I INDEX. Input for index pulse received from the drive. 
INPUT/ 1/0 INPUT/OUTPUT. A general purpose control and status pin. It can be either an input or 
OUTPUT an output. At power-on, this pin is an input. 
SECTOR/ I SECTOR/ADDRESS MARK DETECT. This pin is used in the hard sector mode as the 
AMO sector input. A pulse on this pin indicates a sector mark is found. RG will be asserted after 

the sector pulse by the sequencer. 
In the soft sector mode, this pin is normally not used and can be left floating. In the test 
mode, however, this pin can be programmed as the address mark detect signal for testing 
the internal disk to buffer data transfer IQgic. 

RG 0 READ GATE. During disk data read, this pin is asserted. Active high. 
WG 0 WRITE GATE. During disk data write, this pin is asserted. Active high. 
ARC I READ/REFERENCE CLOCK. This pin is used in conjunction with the SRO, and WO pin 

to clock data in and out of the SSI 32C261 device. 
NAZ,_ TEST 110 NAZ TEST PIN. When configured as an output the data transfers between the buffer RAM 

and the ENDEC can be monitored. When configured as an input (only possible in test 
mode), data can be redirected from it and transferred to eitherthe buffer data bus BD(0:7), 
or to the WD pin. This pin is used to testthe internal END EC logic and the disk data transfer 
logic. 

SAD I SYNCHRONIZED READ DATA INPUT FROM THE DISK. 
PDWN I POWER DOWN. When asserted low this pin puts the device in a low power state by 

shutting off the internal BCLK. 
WDO 0 WRITE DATA OUTPUT. 2,7 ALL encoded write data output to the data synchronizer. 
LATE 0 PRECOMP. CONTROL OUTPUT. Used to shift write data output pulses later. Low true. 
EARLY 0 PRECOMP. CONTROL OUTPUT. Used to shift write data ou!Q_u!.!Jl!lses earlier. Low true. 
SDI I SYNC DETECT INPUT. A high level on this pin indicates that a sync field (preamble} 

pattern is being detected. This pin is used only in the soft sector mode by this chip to assert 
RG; in the hard sector mode it is ignored and can be left floating. 

ECC 0 ECC ERROR DETECTED. A low signal on this pin indicates when an ECC error was 
ERROR detected while reading a sector of the disk. It is reset when the sequencer program is 

restarted or by a hardware or software reset. 

MICROPROCESSOR INTERFACE 

AST I RESET. Active low input, when pulled low, the internal registers of the SSI 32C261 are 
held at reset. 

ALE I ADDRESS LATCH ENABLE. This control signal latches the address on the address/data lines. 
cs I CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C261 

can be accessed. 
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PIN DESCRIPTION (Continued) 

MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

WR I WRITE. Active low input, when active the data is written to the internal registers. 

RD I READ. Active low in_Q!Jt, when active that data is read from the internal r~sters. 
INT 0 INTERRUPT. An open drain output, when active, the microprocessor is requesting 

controller service. 

AD7:0 1/0 ADDRESS/DAT A BUS. 8-bit bus for both microprocessor register address and data. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MANAGER ADDRESS LINES.Active high, for direct connection to a status RAM. 

BD0:7 1/0 BUFFER MANAGER DATA BUS. 7 through 0. Active high, buffer data bus that connects 
direct!Y_to the buffer RAM. 

MOE 0 MEMORY OUTPUT ENABLE. Active low select for the buffer RAM. 

WE 0 WRITE ENABLE. Active low, write enable for the buffer RAM. 

BCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 

FUNCTIONAL DESCRIPTION 

The major functional elements and data paths of the 
SSI 32C261 are shown in the block diagram. 

The four major functional blocks are: 

Buffer Memory Interface 

Microcontroller Interface 

Disk Formatter 

Host Interface 

The SSI 32C261 performs the functions to interface a 
serial data storage device such as a Winchester Disk 
Drive, to a parallel bus interface for data processing on 
a byte wide basis. The functions necessary to accu­
rately make this conversion are serialization/ 
deserialization, encoding/decoding, error detection 
and correction, and data path control. The SSI 32C261 
also has a general purpose interface line to further 
facilitate control of the data storage device or parallel 
interface. An eight byte stack allows data to be saved 
and reviewed by the microprocessor for error handling 
purposes. The internal sequencer performs most of the 
operations in conjunction with the control and status 
registers. The sequencer program is contained in an 
internal sequencer RAM, which is easily 
(re)programmed providing almost infinite flexibility in 
drive format and control features. A microprocessor 
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effects both initialization and control of the SSI 32C261 
by writing to and reading from the internal registers, 
sequencer RAM, stack and general purpose 1/0 cir­
cuitry. The microprocessor interface block of the SSI 
32C261 provides the communication and control for 
the SSI 32C261 to the microprocessor. For a com­
Wete descrlpUon of the programmable registers. 
refer to fbe SSf 32C261 DesiQa Guide. 

BUFFER MEMORY INTERFACE 

The buffer memory interface, referred to as the Buffer 
Manager, includes a bi-directional data bus that ex­
changes data bytes between an external buffer 
memory and the serializer/deserializer or the host 
interface. The circuitry allows the use of static RAM as 
a dual port circular FIFO, and supervises data transfers 
to and from the RAM. The device contains logic that 
resolves disk and host requests. The arbitration is 
achieved by giving priority to the disk and utilizing 
internal data FIFOs for temporary host and disk data 
storage. 

The Buffer Manager is capable of handling buffer sizes 
from 256 bytes to 64K bytes. The circuit provides up to 
16 direct address signals, along with Memory Output 
Enable (MOE) and Write Enable (WE) signals. The 
buffer RAM address is generated from one of two 16-
bit counters, one of which being the write address 
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pointer (5CH & 5DH) and the other the read pointer 
(5AH & 5BH). The address generation as well as the 
memory control signals are synchronous to the Buffer 
Clock (BCLK), allowing the user many choices of buffer 
RAM speeds, with different combinations of the disk 
and host transfer rates. 

The Buffer Memory Interface is a dual port buffer 
controller that allows low speed static RAMs to be 
configured as a dual port circular FIFO buffer. It gener­
ates all the buffer memory addressing required and 
manages two ports: Port A, a synchronous peripheral 
device interface and Port B, an asynchronous host 
interface. The Buffer Manager has arbitration logic to 
support the AT or XT host transfers under OMA control 
or Programmed 1/0 control. 

On-chip counters generate the addresses (BAO-BA 15) 
needed to access up to 64K of external static RAM. 
Along with the addresses, the Buffer Manager block 
outputs a Memory Output Enable (MOE) and a Write 
Enable (WE) signal for a static RAM buffer. 

The address generator contains two 16 bit pointers, the 
read address pointer (RAP) and the write address 
pointer (WAP), which indicate where in the external 
buffer RAM data is to be read or written. During data 
transfers, these pointers are automatically 
incremented as the RAM is accessed. The pointers 
wrap around to O when the programmed buffer size is 
exceeded. To prevent host overruns of the buffer 
(caused by one of the pointers overtaking the other), 
the address generator includes a 16-bit stop pointer 
(5EH & 5FH). The microprocessor loads SO with the 
last address in buffer memory to be accessed during a 
host OMA transfer. When the port B address (RAP 
during an upload to the host or WAP during a download 
to the peripheral) reaches the value in SP, the OMA 
transfer is automatically suspended. 

The period of the Buffer Memory access cycle is 
determined by programming bits 6 and 7 of CLOCK 
CONTROL, register7FH, and is based on the BCLK 
input. The period of the Buffer Memory access cycle 
determines the access time requirement for the buffer 
RAMs. The 32C261 samples the data from the RAM at 
the falling edge of the BCLK signal. Buffer Memory 
throughput and the RAM speeds can be determined 
from the following equations: 

Buffer Memory Throughput= 

1 I Period of Memory Access Cycle 
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For Buffer Memory Read: 

Max. Read Access Time= T1 - Av max - Dismln 

Min. Output Enable= (T1 /2) - Mvmax - Dismin 

For Buffer Memory Write: 

Address set up to WE i = T1 - Av max+ Whmax 

Data set up to WE i = Min. Output Enable 
= (T1 /2) - Mv max - Dis min 

Note: For an explanation of Avmax' Dismln' Mvmax' 
Wh , Dov parameters, refer to Buffer 
Me~·~ry Readfwrite Timing Parameters. 

MICROPROCESSOR INTERFACE 

The microprocessor interface decodes microproces­
sor read and write requests and provides access to the 
appropriate register or internal memory location. Since 
both data and address information are carried on the 
multiplexed bus lines ADO-AD7, address information is 
latched f rem the bus on the falling edge of the micropro­
cessor signal, Address Latch Enable (ALE). When CS 
is asserted along with either RD or WR, the register 
whose address was previously latched is selected. The 
addresses and names of all the accessible registers 
are shown in the Register Address Map (See SSI 
32C261 Design Guide). The microprocessor should 
not read or write the sequencer RAM while the se­
quencer is running, since there is no circuitry to resolve 
conflicting accesses and incorrect sequencer opera­
tion will result. 

The status and control registers make status informa­
tion available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
applications. The microprocessor can monitor the sta­
tus of transfers in progress and control the ECC regis­
ter operation, the ECC polynomial, the clock genera­
tion hardware, the sequencer program execution, 
buffer size, read and write pointers, and stop pointers. 
The microprocessor also has access to the 
sequencer's microprogram RAM so that it loads the 
microcode for all controller operations. 
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DISK FORMATTER 

The serializer/deserializer circuit interfaces the parallel 
buffer memory bus to serial NAZ data stream of the 
peripheral device. Byte synchronism is maintained 
with a bit ring, which is an 8-bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
sequencer instruction. The bit ring continues to oper­
ate until the end of the field (ECC written or read). 
During write operations, the sequencer may cause 
address marks and sync patterns to be loaded into the 
serializer instead of data bytes. These special patterns 
are contained in a sequencer instruction and are trans­
ferred to the serializer over an internal byte wide data 
path. During read operations, bytes of overhead infor­
mation may be routed to the stack or sequencer for 
comparison against target values. This process is 
controlled by the control field (SEQCONF) in each 
sequencer instruction. 

The eight byte recirculating stack may be used to 
capture read data for later examination by the micro­
processor. Data is pushed onto the stack under 
sequencer control. The control bit STACKEN in the 
sequencer Instruction field SEQCONF in the se­
quencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
from the top of the stack by the microprocessor via the 
STACK register, the data is recirculated to the bottom 
of the stack; allowing the stack contents to be exam­
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 

Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedback that performs ECC or CRC generation and 
checking. The feedback taps for the desired polynomi­
als are fixed as follows and the user may select 
between the 16-bit CRC, 32-bit ECC, or the 56-bit ECC 
as desired. This selection is accomplished by program­
ming the WCS COUNT FIELD and the ECC CON­
TROL register (Register 71 H, bit 6). 

In the forward direction, the options available include: 

CRC polynomial which is the CCITT CRC code: 
x1s + x12 + x s + 1 

32-bit ECC polynomial: 

x32 +x28 +x2s +x19 +x11 +x10 + xs +x2 + 1 
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56-bit ECC polynomial: 

xse +x52 +xso +x43 +x•1 +x34 + x30 +x26 +x24 +x8 + 1 

The reverse polynomial options include: 

32-bit ECC polynomial: 

x32 +x30 +x26 +x22 +x1s +x13 + xs +x• + 1 

56-bit ECC polynomial: 

xse +x46 +x32 +x30 +x26 +x22 + x1s +x13 +xs +x•+ 1 

The 56-bit polynomial can detect single burst errors up 
to 56 bits in length, and double-burst errors, where the 
combination of bursts is less than or equal to 41 bits. 
This polynomial can also correct single-burst errors up 
to 23 bits in length. The 32-bit ECC polynomial is the 
standard polynomial found in IBM PC AT controllers. 

The forward and reverse polynomial is selected by 
programming ECC CONTROL (Register 71 H, Bit 7). 
Whichever polynomial is selected, the ECC/CRC shift 
registers always start preset to all 1 s. 

The sequencer controls the time critical operations of 
the SSI 32C261. It executes programs stored in the 28 
word by 32-bit sequencer RAM, and can be pro­
grammed to support hard and soft sectored read, write, 
search, and verify operations for a wide variety of 
Winchester disk drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined in the Sequencer In­
structions of this data sheet. Each instruction is com­
prised of four bytes. Each of the four bytes represents 
a function of the sequencer operation. They are ad­
dress field, control field, data type field, and data field. 
The organization of these fields is shown in the Regis­
ter Bit Map in the SSI 32C260 Design Guide. The 
Sequencer Registers provide control from and status 
to the microprocessor and sequencer. They contain 
branch, next, and start addresses, and sequencer 
status information. The SEQUENCER STATUS regis­
ter provides information on the sequencer state such 
as whether an ECC error occurred, a compare equal or 
low occurred, if the branch condition or address mark 
is active, or whether the sequencer is halted. 
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HOST INTERFACE 

The internal receivers and drivers on the host interface 
block allow the device to connect directly to the PC 
Host bus. The drivers are capable of sinking up to 24 
rnA and drive a load up to 300 pF. 

The wait state generator extends the Host 110 cycle and 
inserts wait states by asserting IOCHADY. This gen­
erator is only active during Programmed 1/0 transfers 
and works in two ways: 1) inserting programmed 
number of Buffer Memory Cycles for every host access 
of the device, and 2) asserting IOCHRDY only when the 
device is not ready for the transfer. Register58H, Bits 0 
and 1, program the wait states cycles and Bit 2 asserts 
IOCHADYwheneverthe device is not ready for transfer. 

The auto decoding circuitry allows the device to speed 
up the performance of the controller by decoding Write 
commands that require data transfer from the Host to 
the Buffer Memory. These commands include Format 
(SXH), Write Buffer (ESH), Write or Write long (3XH). 
The device automatically starts accepting data without 
the local microcontroller control when any of these 
commands are loaded into the COMMAND REGIS­
TER by the host. If interrupts are enabled, the device 
generates an interrupt to the local microcontroller. The 
PC STOP POINTER (Registers SEH and SFH) is 
initialized to 01 FFH. If DISABLE STOP POINTER 
COMPARE (Register S2H, Bit 6) is set, the local 
microcontroller must initialize the PC STOP POINTER 
to enable comparison of the WRITE ADDRESS 
POINTER (Registers SCH and SDH) with the HOST 
STOP POINTER. The Formatter disconnects from the 
Buffer Manager on receiving one of these commands. 
It also disables write access by the local 
microcontroller to the OMA CONTROL REGISTER 
(53H) and WAITE ADDRESS POINTERS (SCH and 
SDH). In addition, read/write access to the BUFFER 
MEMORY ACCESS REGISTER. Access to these reg­
isters is enabled when the local microcontrollerwrites 
to AUTOCOMMAND "LOCK" RELEASE register 
(73H). 

The ECC bytes are transferred to and from the host by 
enabling Bit 1 of the command byte by the host, 
indicating Read and Write Long command. If a Read or 
Write Long command is received, Buffer Memory 
transfers to/from the Host will exceed the PC STOP 
POINTER (Registers SEH and SFH) by the count of 
ECC bytes. Initially the PC STOP POINTER is set at 
the end of the Data Field. When the active READ 
ADDRESS POINTER (Registers SAH and SBH), or 
WRITE ADDRESS POINTER (Registers SCH and 
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SDH), matches the PC STOP POINTER (Registers 
SEH and SFH), the internal FIFO will be emptied of the 
word width data, the PC STOP POINTER gets 
incremented by the count of ECC bytes. The ECC 
bytes will then be transferred in Byte Mode. 

END EC 
The chip includes a 2,7 ALL ENDEC circuitry. The 
ENDEC is used to convert the data between the NAZ 
format and the 2, 7 ALL coded format. In the case of 
data encoding, the serial NAZ data generated by the 
SERDES (serializer/deserializer) is converted to the 
2,7 ALL coded data when the WG (write gate) is 
asserted. The data appears on the WOO (write data) 
pin and is synchronized at the RRCLK edges. In the 
case of data decoding, the encoded data received from 
the SAD (synchronized read data) is converted back to 
the NAZ data format and fed to the SER DES circuitry. 
The 2,7 ALL coding rules are given below: 

NRZData 2,7 RLLCode 
First Last First Last 
Bit Bit Bit Bit 

1 1 0 0 0 -
1 0 - 0 1 0 0 -
0 1 1 0 0 1 0 0 0 -
0 0 0 - 0 0 0 1 0 0 -

0 1 0 - 1 0 0 1 0 0 -
0 0 1 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 

ENCODING OPERATION 

In the encoding operation the END EC circuitry converts 
NAZ data from the SER DES into 2, 7 RLLformatted data 
for storage onto the disk. The circuit can operate with a 
soft or hard sectored disk drive. In the Soft Sector Mode 
(Bit 7 of the fonnatter mode selection register, reg­
ister 77H, is 0), the device generates a 3T (100) pre­
amble field and can insert a N7V Address mark. The 
N7V Address Mark is a valid 2, 7 ALL pattern which is not 
contained in the code set. In the Hard Sector Mode 
(register77H bit 7=1 ), the device generates a4T (1000) 
preamble field and no address mark. 

Soft Sector Mode 
In the soft sector mode, when WG (write gate) transi­
tions high and the serial NAZ data remains low, the 
device automatically generates the 3T (100) preamble 
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ENCODING OPERATION (Continued) 

field at the WO (write data) output pin. The 3T pre­
amble field will continue to be generated until the first 
low to high transition on the serial NRZ data stream 
coming from the SERDES. In order to generate the 
proper address mark, the first two non-zero NRZ bytes 
have to be 5EAXw where Xis an arbitrary hex digit. For 
this data pattern the first low to high transition on the 
serial NRZ data stream happens at the second bit 
position of 5 (0101). The device then automatically 
changes the '1' in the eleventh position of the 2,7 RLL 
encoded sequence to a 'O'. This generates a pattern of 
8091, or seven O's followed by two O's. This unique 
pattern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. After the 
address mark is encoded, the address mark generator 
is disabled and any further 5EAX pattern is encoded as 
normal data until the next assertion of WG. 

Hard Sector Mode 

In the hard sector mode, when WG output goes high 
and the serial NRZ data stream from the SERDES 
remains low, the device automatically generates the 
4T (1000) preamble field at the WOO output. The 4T 
preamble field will be generated between the time WG 
is asserted and the first low to high transition on the 
NRZ serial data stream. Note that in the hard sector 
mode, the NRZ data is inverted before the encoder. 
This is because the leading 00 NRZ data pattern can 
generate the 4T preamble according to the coding 
rules after being inverted into 11. 

DECODING OPERATION 

In the decoding operation, the device converts 2, 7 RLL 
encoded data received from SRO pinto the NRZformat 
and feeds the data to the serdes circuitry. 

Soft Sector Mode 

In this mode, the device uses an external preamble 
detect signal to initiate the read sequence. If the device 
is mated with the SSI 32P548, the SDO output of that 
device is used. This signal is asserted when the 3T 
(100) preamble pattern is found. This chip provides an 
SDI input pin to be connected to the SDO output of the 
SSI 32P548 device. 

When the disk sequencer program asserts read gate 
by executing an instruction with the bit 6 (set read gate) 
of the control field set, the RG output will not immedi­
ately be set. The RG remains low until two bytes after 
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the SDI is asserted indicating the preamble field is 
found. After the RG is asserted then the chip waits for 
the SDI to go low and then checks the SRO pin for an 
address mark of 8091 coded data pattern. Note that 
since each address mark should be preceded by 
approximately 12 bytes of zeros, RG will not be as­
serted unless two bytes of zeroes are read (SDI re­
mains asserted for two byte times); and address mark 
is only checked when SDI continues to be high for at 
least 6 more byte times after RG is asserted. 

If SDI is asserted for less than 6 byte times after RG is 
asserted, or if an invalid address mark pattern is found 
(pattern not equal to 8091 hex), then the RG output is 
dropped, the device waits for the SDI to rise and the 
sequence repeats itself until the correct address mark 
is found. 

If the correct address mark (8091 hex) is found after 
SDI being asserted at least 6 byte times after the RG 
assertion, then an internal Address Mark Detect (AMO) 
signal is asserted and enables the byte synchronizer 
circuitry (register 7CH). The byte sync circuitry detects 
the matching of the address mark with the contents of 
the register 7CH, and sets up alignment on the byte 
boundary. 

The flowchart of soft sector ready process is shown on 
the next page. 

Hard Sector Mode 

In this mode the device utilizes a 4T (1000) preamble 
field and disregards the SDI input and disables the 
Address Mark detection circuitry. The sequencer pro­
gram should be set up to wait and branch on sector. 
When detecting a pulse on the Sector input, the pro­
gram continues to the next instruction that asserts 
Read Gate. Th 2,7 RLL decoding is aligned to the 
leading bit of the 4T data pattern. Note that in the hard 
sector mode the serial NRZ data stream going to the 
serdes is inverted after the decoder. Since the SDI 
input is not used, it can be left open. 
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LATE AND EARLY GENERATION 

The LATE and EARLY outputs are generated according to the following rules: 

ALL Coded Data Pattern Precompensatlon 

Preceding Bits 

0 1 0 0 

0 1 0 0 

- 0 0 0 

1 0 0 0 

0 0 0 0 

0 1 0 0 

Computing Bit Following Bits 

1 

1 

1 

1 

1 

1 

0 0 0 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 0 1 

Sequencer instruction 
sets read gate; RG = O; 
wahing for SDI to assert 

Wait for SDI high for 2 
bytes. 

Assert RG 

Wait for SDI to go low 

Has it been 6 byte times 
since RG went high? 

Yes 

Check for legal address 
mark 

Yes 

Assert AMO and enable 
the byte sync detector 

1 

0 

-
0 

0 

0 

No 

None 

Early 

None 

None 

Late 

None 

DropRG 

FIGURE 1: Encoder Sequence for Soft Sector Mode 

8-25 



SSI 32C261 
PC AT/XT Combo Controller 
With RLL (2, 7) ENDEC 

ECC ERROR INDICATOR 

This chip also provides an output pin, ECG_ ERR, to 
indicate the condition when the ECC calculation has 
resulted in an error (non-zero syndrome) in the case of 
disk data read. This pin is reset when the microproces­
sorwrites to register 79H (the starting address register) 
to start the sequencer program, or by a software reset 
(register 71H bit 5 = 1), or by asserting the RESET 
pin. The ECC_ERR pin is also cleared when the 
Clear_ECC bit (bit 3 of register 71 H) is set. 

POWER DOWN MODE 

In the power down mode the internal clocks (BCLK and 
RRCLK) are disabled. The device only provides means 
to disable the BCLK , and it relies on the SSI 32P548 
to provide the stopped RRCLK input. The input pin 
PWON, when asserted low, switches the BCLK off. 
This pin has the same effect as the Belk disable bit 
(bit 5 of register 7FH). PWON can be left floating if not 
used. It should be connected to the POWN1 pin of the 
SSI 23P548 when used with that chip. 

Note that in the power down mode, the SSI 32P548 
forces the RRCLK to be tri-stated. An internal pull-up 
resistor is provided on the RRCLK input pin by this chip 
to force it into a high state du ring the power down time. 

The power down mode is automatically recovered 
when the AT writes to the command register, AT 
programs a software reset, or when HRESET pin is 
asserted, even when PWON is still held low. This 

Reg 7FH 
Blts4.3 WG RG DATA PATH 

ox 1 0 BO bus 

BO bus 

XO 0 1 SAD 

SAD 

X1 0 1 NRZ_text 

allows the BCLK to recover immediately and enables 
the buffer manager to respond to the host. The 32C261 
device asserts an interrupt to the microprocessor (if 
interrupt is enabled) and the microprocessor releases 
the POWN pin in order to recover the disk interface. 
The BCLK is also reactivated any time POWN pin is 
released. 

TESTING THE ENDEC USING THE NRZ_TEST PIN 

This chip provides an NRZ_TEST pin for the testing 
purposes. Using the NRZ_TESTpindata flow between 
the BD bus (buffer data bus) and the ENOEC pins 
(SRO and WD) can be monitored. The NRZ_ TEST pin 
can also be configured as input so that data can be 
injected from it and checked at eitherthe BD bus or the 
WO pin terminal. 

When the NRZ_ TEST pin is configured as input, data 
is redirected from NRZ_ TEST rather than from either 
the BD bus of the SRO. For instance, in order to testthe 
ENOEC encoding logic, the data path is configured as 
from the NRZ_TEST pin to the WD pin, and the data 
from the BD bus is ignored. In the case of testing the 
data transfer logic from the NRZ _TEST pin to the buffer 
data, the data coming from the SRO pin can be ignored. 

Register 7FH bits 3 and 4 are used to redirect the data 
flow. However, these two bits are qualified only if 
register 52H bit 7 (Test mode enable bit) is set. The 
following is a table showing data transfer path in 
different cases: 

~ WO (encoded format) 

~ NRZ_test (NAZ format) 

~ NRZ_test (serial NAZ) 

~ BO bus 

~ BDbus 

(Sector/AMO= Address mark detect in the soft sector mode) 

1X 1 0 NRZ_test ~ WO 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Ambient Temperature Under Bias 

Storage Temperature 

SSI 32C261 
PC AT/XT Combo Controller 

With RLL (2, 7) ENDEC 

RATING UNIT 

Oto 70 oc 
-65 to 150 oc 

Voltage On Any Pin With Respect To Ground GND-0.5 to VCC+0.5 v 
Power Dissipation 0.750 Watt 

Power Supply Voltage 7 v 
Max Current Injection 50 mA 

NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS 

PARAMETER CONDITIONS 

vcc Power Supply Voltage Operating 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL(1)* Output Low Voltage IOL= 2mA 

VOL(2) Output Low Voltage IOL= 24 mA 

VOH Output High Voltage IOH = -400µA 

ICC Supply Current 

IC~ Supply Current Standby PDWN=IOW 

IL Input Leakage Current O<VIN<VCC 

CIN Input Capacitance 

COUT Output Capacitance 

NOTE: (1) All output pins except for host interface signals 
(2) Host interface outputs 
(*) IOL = 4 mA for RG and WG 

8-27 

MIN NOM MAX UNITS 

4.5 5.5 v 
-0.5 0.8 v 
2.0 jvCC+0.5 v 

0.4 v 
0.5 v 
2.4 v 
50 mA 

650 µA 

-10 10 µA 

10 pF 

10 pF 
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AC CHARACTERISTICS 

The following timings assume that all non-Host Bus output pins will drive one Schottky TTL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V ±5%, and an ambient temperature of 0°c to 70°C. 

Host OMA 8/16-Blt Interface Timing Parameters (Figure 2) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

DREOL OREO low from DACK low 80 ns 

ROTA IOR low to HD (0:15) valid 60 ns 

RDHLD IOR high to HD [0:15) tri-state 0 20 ns 

WDS HD (0:15) setup to IOW high 40 ns 

WOHLD HD (0:15) hold from IOW high 10 ns 

RWPULSE iOR/IOW pulse width 80 ns 

"' / ·~ ... ,~.~~~~~~~~~~~~~~~-'· 
: DREQL ' 

' ... : ·~ ' RWPULSE 
HDI0:15) (read) I 

>K : ?,< 
·~ 

.... I~ ... , 

' RDATA RDHLD 
' 

>.< ... l~ x 
I 

I~ .... 
WDS WOHLD 

HD!0:15) (write) 

FIGURE 2: Host OMA 8/16-Blt Interface Timing 
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SSI 32C261 
PC AT/XT Combo Controller 

With RLL (2, 7) ENDEC 

HOST Programmed 1/0 8-16-Blt Timing Parameters (Figure 3) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CS16L HCSO low, A0:2, A9 low, or 20 ns 
HCS1 high to IOCS16 low 

IOCHL IOR/IOW low to IOCHRDY 25 ns 
low 

IOCHTW* IOCHRDY pulse width 0 SxBCLK ns 

ROTA IOR low to HD[0:15] valid 60 ns 

RDHLD IOR high to HD[0:15] tri-state 0 20 ns 

WDS HD [0:15] setup to IOW high 40 ns 

WOHLD HD[0:15] hold from IOW high 10 ns 

RWPULSE IOR/IOW pulse width 80 ns 

AD RS ET HCSO, A0:2, A9/HCS1, 25 ns 
setup to IOR/IOW low 

ADRHLD HCSO, A0:2, A9/HCS1 hold, 10 ns 
from IOR/IOW high 

*Maximum specification applies when Auto Wait State Generation is disabled (Register 58H, Bit 2 is reset.) 

A0"2,A9 

lOCS16 ' ' 
--~~ :~ 

I CS16L I~---------------, 
' ' 

... ..~ 
' AORSET 1 

IOCHL___.i 
I 

RW PULSE 

I 
,, /i 

'• ... IOCH1W ' 

.... 
""'•f-------.. ~· • AORHLO , 

H0[0:15)(read) • ' 

--------~·---~X----:==>K~---------
~··f----~ .. ~. ,.__..., 

ROTA 'ROHLO 
H0[0:15J (write) , 

---------~X------~--~li<~--------... ..... .... 
WDS ' WOHLD 

FIGURE 3: Host Programmed 8/16-Blt Timing 
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Microcontroller Interface Timing Parameters (Figures 4 and 5) 

PARAMETER CONDITIONS 

Ta ALE Width 

Taw ALE ... to WRITE ... 

Tar ALE ... to READ ... 

Tw WR Width 

Tr RD Width 

As Address AD (0:7) 
valid to ALE.., 

Ah ALE..,to Address 
AD (0:7] invalid 

Cs ALE ..,to CS valid 

Ch RDtorWRtto cs ... 
Wds Write Data AD [0:7] 

valid to WR t 

Wdh WR tto Write Data 
AD [0:7) invalid 

Tda RD.a, to Read Data 
AD [0:7) valid 

Tdh RDtto Read AD [0:7) 
float (undriven) 

NOTE: .., Indicates falling edge. t Indicates rising edge. 

I 

~ 

Ta 
.... 

I 

I 

' 

MIN NOM MAX UNITS 

45 ns 

25 ns 

25 ns 

140 ns 

140 ns 

5 ns 

20 ns 

5 ns 

0 ns 

55 ns 

10 ns 

100 ns 

50 ns 

' ' 
AD [0:7] IN /... ~ ....... ... 

As 

v ' ~ 
-----~/.... ....... .., .... ___ _ 

Wds I· Wdh I I Ah I 

' ' 
cs 

......__.. I I 

I ~ /------------~,---.., 
I I .....+1'-----

I Ch I : ... I .... 
Taw 

Tw 

FIGURE 4: Register Write Timing 
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SSI 32C261 
PC AT/XT Combo Controller 

With RLL (2, 7) ENDEC 

ALE 

.... .... 
I Tdh ' 

cs 

.... Tela 
.... 

Tar 
....... 

'..._ ........ 
Tr _)"'~-----

.'----------'' 

FIGURE 5: Register Read Timing 

NRZ - Test Input/Output. Timing Parameters (Figures 6 and 7). 

PARAMETER CONDITIONS MIN NOM 

T RD/REF CLK Period 

T/2 RD/REF CLK High/Low Time 23 

Tr= Tf RD/REF CLK Rise and 
Fall time 

Os NAZ_ TEST valid to RD/REF CLK t 15 

Dh RD/REF CLKtto NAZ invalid 10 
As• AMO valid to RD/REF CLK t 15 

Dv RD/REF CLKtto NAZ 10 

NOTE: .a, Indicates falling edge. t Indicates rising edge. 

•These specifications are only applicable in the Soft Sector Mode. 

T 

Tl 
I ... .... 

T/2 
__., :+-

NAZ TEST (read) 

" 
., .... I 

I 

..<.,.. ... : ... ..,)... 
' Os I Oh I 

I 

' : ... .... 
As I 

FIGURE 6: NRZ Test Input Timing 
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~------- ,,,,-----~ 

RD/REF CLK / "-~----~"" 1 

:... .... ~· 
1 Dv 1 1 Ov 1 

----------' ----..1 ~N~RZ'"-'-'TE=ST~(=wr=iw~l------------~--~Y. i'--.---

NOTE: NRZ DATA changes after the rising edge of RD/REF CLK. 

FIGURE 7: NRZ Test Output Timing 

Register 70H Access Timing Parameters (Figures 8 and 9) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

To RD,i,to MOE+ 40 ns 

Tda 80[0:7] valid to AD[0:7] valid 55 ns 

Trh RDtto AD[0:7] invalid 50 ns 

Toh RD tor WR tto MOE t 40 ns 

Taw AD[0:7] valid to WE + 55 ns 

Tao AD[0:7] valid to MOE+ 55 ns 

Tad AD[0:7] valid to 80[0:7] valid 55 ns 

Twwh WRttoWEt 40 ns 

Twdh WRtto 80[0:7] invalid 50 ns 

NOTE:+ Indicates falling edge. t Indicates rising edge. 

R5 I I 
I I 

I .. .. I I .. .. I 
I To I I Toh I 

MOE I 

BOO: 

ADO: 

Trh 

FIGURE 8: Register 70H Read Timing 
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ADO: 

I 
~I 

~ I Tao 
I 

I 

wt 

i..---.1 
I Taw I 

-:--i-

80[0:7] out 

1,. 
... I 

Tad 

: .. 
I 
1• 
I 

: .. 

SSI 32C261 
PC AT/XT Combo Controller 

With ALL (2, 7) ENDEC 

.I 
Toh I 

I 

Twwh •1 ,( 

•I 
Twdh I 

FIGURE 9: Register 70H Write Timing 

Buffer Memory Read/Write Timing Parameters (Figure 10) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Ts BCLK Period 41 ns 

Ts/2 BCLK High/Low Time 16 ns 

Tsr=Tsf BCLK Rise and Fall Time 5 ns 

T1 BUFCLK* Period 125 ns 

Av BUFCLK*4-to BA[0:15] valid 65 ns 

Dov BUFCLK*tto BD[0:7] valid 50 ns 

Doh BUFCLK*1'to BD[0:7] invalid 0 ns 

Mv BUFCLK* tto MOE + 30 ns 

Mh BUFCLK*4-to MOE 1' 10 35 ns 

Wv BUFCLK*1'to WE 4- 30 ns 

Wh BUFCLK*4-to WE 1' 5 30 ns 

Oma MOE 1'to BA(0:15] Hold 10 30 ns 

Dis BD[0:7] valid to BUFCLK* 4- 5 ns 

Dih BUFCLK*4-to BD[0:7] invalid 10 ns 

TBbr BCLK tto BUFCLK 1' 24 ns 

TBbf BCLK+to BUFCLK+ 21 ns 

NOTE: +Indicates falling edge. t Indicates rising edge. 

• BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). If the Buffer Memory Access Cycle period 
is programmed to be a multiple of the period of BCLK pin, BUFCLK above refers to the Buffer Memory Access 
Cycles and the falling edge referred to above would be coinciding with the rising edge of the BCLK pin. 
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RLL ENDEC Timing Parameters (See Figures 11 and 12.) 

PARAMETER CONDITIONS 

TSWD Write data output setup time 

THWD Write data ouput hold time 

TWLE EARLY/LATE ouput setup 
or hold time 

TRRCP RRCLK pulse with 

TRCRD SAD leading edge to next 
RRCLK transition -+-----

TRDRC RRCLK transition to next 
leading SAD egde 

TSDI SDI low pulse width 

TB I 

MIN NOM MAX UNITS 

3 15 ns 

3 15 ns 

3 15 ns 

20 ns 

10 ns 

5 ns 

25 ns 

TB! TBr 

___.: ~ ~ :.-
~~~~~~.'-.:~I ~~~~~~r,~~~-

I i ... .I 
BCLK /.,. TB/2 / 

I •1 I TB/2 I 
~ ;1.._TBbf I I I 

BUFCLK ~ :~ { 
~I ~TBbr I I 1 

I I 

1.,. .I I 

BA[0:15] I Av { I 
I 
I 

.I I ... 
K4N Mv I 

I 

BD [0:7] (buffer write) 

FIGURE 10: Buffer Memory Read/Write Timing 
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RRCLK ____ ~ 

woo 

~ 
1TSWO ~ 

LATE! 

SSI 32C261 
PC AT/XT Combo Controller 

With RLL (2, 7) ENDEC 

, .. •1 
t THWO I 

I 
I 

EARLY -------------r---. I 
I 
1._.1 ~ •' 1TWLE 1 : TWLE 1 
I I 
I I 

FIGURE 11 : Write Data Timing - RLL ENDEC Mode 

RR CLK -----~I 

TRRCP~ 
I 

SRO 

SDI 

1~----~ 1.__ 
I 

I ~ 
I.. •ITRORG1 

TRCRO ' 

1~----~1 

I I 
TSOl_.1 ~ 

I I 
I I 

FIGURE 12 : Read Data Timing - RLL ENDEC Mode 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

' BA1 
BA2 
BA3 

' BM 

Q)' BAS 
o• BAS 
tU' BA7 't:' 
.s!' BAS 

.E' BA9 

~· +SV 

o' BGND 
E' BGND 
Q)' 

~· 
BA10 

...... BA11 
Q)' BA12 =· ::i, BA13 m, BA14 

BA15 
BD7 
Bll6 

Host Bus Interface ,-------------------------------------, 
' ffi I- I 

'o ~1 ~m~~~~Clim~rnmm~~~~~~~~ffi -iB~· •<Gi OOOOC!JC!JOOOOOOOOC!JC!JOOOoa:B=r:;o I 
00+ IIIIIXIIIIIIIIIIIIIII~+OO 

~O~O~BB08~~~oo~oo~ 
1m ~ + ~ m cc m co co~ .,- 0 S: § § 
' '• ' •, .. 
r.. - - - - - - - - - - - - - .L._ - - - - - - - - - - - - - - - - - _., 

Buffer Memory Interface Microcontroller Interface 

100-pin QFP 

' 
Disk 

Interface 

i00--· 
nACK 
OREO 1 ~ 
JOCRROY:~ 
HCM '_s! 
A9IRCSf' c: 
A2 '-;;; 
A1 ' ::J •Ill 
AO 1 -
HINT I :g 
LGND 1 J: 
LGND : 

10CSf6 ' BCLK- -
NRi_TEST - - - - ' 

RRCLK 1 ~ 
WG 
RG 
"RST 

' ..io:: tU 
' .!:!l 't: 
' Cl .s! 

.E 
WA!NAl.mtSECTOR 1 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
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DESCRIPTION 

The SSI 32C263 is a CMOS VLSI device which inte­
grates major portions of the hardware needed to build 
a PC AT/XT driven hard disk drive. The SSI 32C263 is 
one of the family of Silicon Systems' single chip disk 
controllers. The SSI 32C263's place in the Silicon 
Systems' chip family is illustrated in the hierarchy chart 
in Figure 1. It provides most of the functional circuitry 
necessary to build a 3V "ATA" embedded disk. 

The SSI 32C263 is capable of supporting interleaved 
data transfer rate up to 16 Mbit/s. It includes a dual port 
Buffer Manager, a storage controller, and a high perfor­
mance AT/XT host interface block that incorporates an 
extensive hardware support - including 24 mA drivers 
-for the PC AT/XT and other compatible interfaces. 

The SSI 32C263 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

SSI 32C263 
PC AT/XT Combo Disk Controller 

16 Mbit/s, 3V Operation rm ijiUiJ mt.] I ;,gut.]'' 
December 1991 

FEATURES 

• PC AT/XT Bus Interface 

Single Chip PC AT/XT Controller 
Direct bus Interface logic with on-chip 
24 mA drivers 
Logic for daisy chaining 2 embedded ATA 
drives 
Buffer transfer In single or burst mode 
DMA or PIO modes 
Provides logic to speed up command 
response 
Supports 16 Mblt/s concurrent disk 
transfer on a 1.5M words/s PC-AT wHhout 
watt states 

(Continued) 

BLOCK DIAGRAM 

IOCS1e BCLK 

HINT 

A0:2 111:11: 

... llCIT WE' 
llClW 
OREO BA0:15 

~ 800:7 
Rlll - W.Wlllim'SECTOR 

HRESET ""DEX 
JOeHRDY INPUT/OUTPUT 

MOBO:t6 
RG 

WO 

NJ0:7 

cs 
1111 ROIFtEFCLK 

WI! 

Al.E NRZ 
'RST 
1RT 

1JllV 
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FEATURES (continued) Supports programmable sector lengths up 
to a full track 

• Buffer Manager 

Dual port buffer access with access 
priority resolver 
Total Buffer Memory throughput to 
5 MByte/s 
Direct Buffer Memory addressing up to 
64 kB Static RAM 
4k Buffer segmentation support 
Provides host overrun control 

Two-Index counter providing sector l.D. 
search and retry limits 
Preset of CRC/ECC generator to either 
"O's" or "1 's" 

• Microprocessor Interface 

Programmable wait state Insertion for fast 
microprocessors 

• Storage controller 

Provides microprocessor access to 8 
external switch settings 
Interrupt or polled microprocessor 
interface NRZ Data Rates up to16 Mbit/s 

Selectable 16-blt CRC or 32/56 bH ECC 
polynomial with hardware correction 
circuitry 
Microprocessor based spilt data field pro­
cessing logic 
Highly programmable advanced 
sequencer organized In 31 x 4 bytes 
8-byte stack for header Information 
storage 

• Others 

Internal power down mode 
Operational from 2.7 to 5.5V 
Plug and play compatible with the Cirrus 
Logic SH-260, SH-265 and the SH-266 
Available In 100-pln surface mount QFP 

15Mbit/sNRZ, 
,__nc_260___, AT/XT Controller 

SH-260 Compatible 

26Mblt/sNRZ, 
AT/XT Controller llC4651 

SH-265 Compatible ~~---' ATJ)(T Controller w/Rll 
2, 7 ENDEC, 24 Mblt/s 

26 Mblt/s, NRZ. 
AT/XT Controller 

~-~ SH-266 Compatible 

llC9000 

32 Mbit/s NRZ. 
AT Controller, 

56Bi!ECC 

llC9001 

48 Mbit/s NAZ, AT 
Controller, Reed 
SolomonECC 

3ZC9301 llC9010 3ZC9020 llC9022 

30 Mbit/s NRZ, AT 32 Mblt/s NRZ, SCSI 48 Mbit/s NRl, SCSI 48 Mbit/s NRZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed 

Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
3V Operation Dual Bit NRZ 

FIGURE 1: Silicon Systems' Disk controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 

The SSI 32C263 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 

PIN DESCRIPTION 

SSI 32C263 
PC AT/XT Combo Disk Controller 

16 Mbit/s, 3V Operation 

poll on the status registers. Access to the control store 
and registers is accomplished through the micropro­
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors. For a complete 
description of the programmable registers, refer to 
the SSI 32C4651 Design Gulde. 

The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction assistance; 
and CRC generation and checking on the header 
stream. The contention between the host and the disk 
requests for buffer RAM access is internally arbitrated 
and resolved. 

The following convention is used in the pin description: 
(I) denotes an input 

(l/S) denotes a Schmitt trigger input 
(0) denotes an output 

(110) denotes a bidirectional signal 
(Z) denotes a tri-state output 

(OD) denotes an open drain output 

Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a slash 
between the two signals: A9/FiCST", for example. 

GENERAL 

NAME TYPE DESCRIPTION 
VDD POWER SUPPLY PIN VCC 
GND GROUND 

HOST INTERFACE 

A0:2 I HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

A9/'RCS1 I HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 52H, bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as HCS1 this input is ignored when 
DACK is asserted. 

HCSO I HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This input is ignored when DACK is asserted. 

IOCS16 OD 16-BIT DATA TRANSFER. An open drain output when active low indicates that a 16-bit 
buffer transfer is active. 

HINT 0 HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 

IOCHRDY O,Z 1/0 CHANNEL READY. Asserted active low whenever the internal host FIFO is not ready 
to transfer data. 
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PIN DESCRIPTION (Continued) 

HOST INTERFACE (Continued) 

NAME TYPE DESCRIPTION 
DAEQ O,Z OMA REQUEST. The OMA Request signal is asserted active high during OMA transfer 

between the Host and the SSI 32C4651. 
DACK I OMA ACKNOWLEDGE. This signal is asserted low by the host during OMA to complete 

the OMA handshake for data transfer between the host and the controller. 
TOR I INPUT READ SELECT. This pin is asserted active low by the Host during a Host read 

operation. When asserted with HCSO, HCS1, or DACK, data from the device is enabled 
onto the host data bus. 

IOW I INPUTWRITESELECT.AssertedactivelowbytheHOSTduringaHOSTwriteoperation. 
When asserted with HCSO, HCS1, or DACK, data from the host data bus is strobed into 
the device. 

HRESET l/S HOST RESET. This signal, when asserted active high, stops all commands in progress 
and initializes the control/status registers - see Design Guide for Register Reset 
conditions. This signal can also "wake up" the device while it is in power down mode. 

HOB 1/0 HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
(15:0) and the Host; bits (7:0) are also used for status, commands, or ECC byte transfers. 

DISK INTERFACE 

INDEX I INDEX. This input is a pulse that occurs once per revolution and defines the start of sector 0. 

INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
OUTPUT (input) pin configured by the Output Enable Bit of Sequencer Mode Selection Register77H, 

bit 6. At. power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. The state of this pin is sampled by reading Formatter 
interrupt Enable Register 7EH, bit 2. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 

WAM/AMD 1/0 WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 
SECTOR to operate in Hard or Soft Sector mode by initializing the Formatter Mode Selection Register: 

77H, bit 7. In the hard sector mode it is used as the sector input-a pulse on this pin indicates 
a sector mark is found. 

In the soft sector mode, a one-bit wide active low output pulse is asserted when formatting 
to allow writing of address mark. When reading, an active low input indicates an address 
mark was detected. The device powers up in soft sector mode. 

AG 0 READ GATE. This output enables the reading of the disk. It is asserted active high at the 
beginning of the PLO for header and data field by the sequencer Control Field bit 6. It is 
automatically deasserted at the end of the CRC or ECC, when the sequencer processes 
servo gaps between data fragments, or when the sequencer goes to the stopped state. 

WG 0 WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 7. 

RRCLK I READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock data 
in and out of the SSI 32C4651 device. This input must be glitch-free to ensure correct 
operation of the chip. 

NRZ 1/0 NON RETURN TO ZERO. This signal is the serial read data input from the disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 
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SSI 32C263 
PC AT/XT Combo Disk Controller 

16 Mbit/s, 3V Operation 

MICROPROCESSOR INTERFACE 

NAME TYPE DESCRIPTION 

RST l/S RESET. An active low input generates a component reset that holds the internal registers 
of the SSI 32C263 at reset, stops all operations within the chip, and deasserts all output 
signals. All input/output signals and Host outputs are set to the high-Z state. 

ALE l/S ADDRESS LATCH ENABLE. This control signal latches the address on the AD 7:0 lines. 

cs l/S CHIP SELECT. This active high signal must be asserted for all microprocessor accesses 
to the registers of this chip. 

WR l/S WRITE STROBE. Active low WR and CS assertion causes the data to be written into the 
specified registers from the AD lines. 

RD l/S READ STROBE. Active low assertion RD and CS causes the data from the specified 
register to be driven on the AD 7:0 lines. 

INT O,OD INTERRUPT. An active low signal which indicates the controller is requesting micropro-
cessor service. This signal is programmable for either a push-pull with an internal pull up 
resistor or open-drain output circuit. This signal powers up in the high-Z state. Formatter 
Mode Selection Register, 77H: bit 4 set high, disables the pullup on the output pin, leaving 
an open drain output. This is intended to support multiple interrupt sources. 

AD7:0 1/0 ADDRESS/DATA BUS. These lines make up the multiplexed, bidirectional data path to 
the microprocessor. ALE latches register address from this bus with data transferred 
during RD or WR assertion. 

LADY 0 LOCAL MICROPROCESSOR READY: When this signal is deasserted low, the micropro-
cessor inserts wait states to allow time for the chip to respond to the access. Wait states 
are programmed by Auxiliary Control 1 Register - 4FH: bits 7-6. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the static memory chips used to implement the buffer memory. 

BD0:7 1/0 BUFFER MEMORY DATA BUS. 7 through 0. The bidirectional Data Bus connects the 
buffer RAM to the buffer manager. This bus is designed for high speed data transfer. 

MOE 0 MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 
the Data Bus from the RAMs. It can also be programmed to control the RAM chip enable. 

WE 0 WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
from the Data bus. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address lines, write enable WE, and memory output enable MOE. 
In power down mode, this signal is shut offfrom the internal logic and hence buffer memory 
access is inhibited. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where a permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC Electrical Characteristics. 

PARAMETER RATING 

Power Supply Voltage, VCC 7V 

Ambient Temperature o to 70°C 

Storage Temperature -65 to 150°C 

Input, Output pins -0.5 to VCC+0.5V 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

vcc Power Supply Voltage 

ICC Supply Current Operating 

ICCS Supply Current Note 1 

VIL Input Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage Schmitt triggered signals 

VIH Input High Voltage Schmitt triggered signals 

VOL Output Low Voltage Note 2 

VOL Output Low Voltage Note 3 

VOH Output High Voltage IOH = -400 µA 

IL Input Leakage Current 0 <VIN< VCC 

CIN Input Capacitance 

COUT Output Capacitance 

Note: (1) In powered down, sleep mode 
(2) All interface pins except Host Interface pins. IOL= 2mA. 
(3) Host Interface pins, 10L=24mA. 
(4) Schmitt triggered signals 

MIN 

2.7 

-0.5 

1.8 

-0.5 

1.9 

2.0 

-10 

NOM MAX UNITS 

3.9 v 
TBD mA 

TBD µA 

0.5 v 
vcc v 
+0.5 

0.9 v 
vcc v 
+0.5 

0.3 v 
0.4 v 

v 
10 µA 

10 pF 

10 pF 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

©1991 Silicon Systems, Inc. 
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FEATURES 

• 

• 

PC AT/XT Bus Interface 

Slngle Chip PC AT/XT Controller 
Suppons ST506/412, ST412HP, ESDI, and 
SMD disk Interfaces 
Direct bus Interface loglc with on-chip 
24 mA drivers 
Logic for daisy chaining 2 embedded 
controller drives on a PC AT 
Suppons 15 Mbit/s concurrent disk 
transfer on a 12 MHz PC AT without wait 
states 

Buffer Manager 
Suppons Buffer Memory throughput to 
8 Mbytes/s 
Direct Buffer Memory addressing up to 
64 kB static RAM 
Dual pon circular buffer control 
Internal dividers for Buffer Clock Include 
1, 2, 3, and 4 

BLOCK DIAGRAM 
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• Storage Controller 

NRZ Data rate up to 25 Mblt/s 
Selectable 16-blt CRC or 56-blt ECC 
polynomlal with fast hardware correction 
circuitry 
Suppons sector level defect 
management 
Suppons 1 :1 Interleaved operation 

• Microprocessor Interface 

Suppons both Intel 8051, and Motorola 
6BHC11 family of microprocessors 
Interrupt or polled microprocessor 
Interface 
Po\Nel' down capability when Idle, automatic 
power up when command Is received 

• Others 

Low power CMOS technology 
Plug and Play compatlble with Cirrus 
CL-SH 260 chip 
Available In 84-pln PLCC or 100-pln QFP 

BA0:15 

800:7 

•········•• 111Illl'"0

e• 

lfi+f-&+4!.•{\ INPUT.oUTPUT 

RG 

WG 

RDJREFCU< 

NRZ 

II 



SSI 32C4650 
PC AT/XT Combo Controller 

DESCRIPTION 

The SSI 32C4650 is a CMOS VLSI device which 
integrates the major portion of the hardware needed to 
build a PC AT/XT driven hard disk controller. The 
32C4650 is capable of supporting interleaved data 
transfer rate up to 25 MbiVs. This chip represents a 
major reduction in part count when used with the SSI 
32P4620, Pulse Detector and Data Separator combo 
chip, and the SSI 32R461 O, Read/Write device and the 
SSI 32H4631, Servo and Motor Speed Controller de­
vice, implementing a powerful and cost efficient 4-chip 
set hard disk drive solution. It also has the flexibility to 
be used as a stand-alone combo controller. 

The SSI 32C4650 includes all the circuitry for a direct 
connection to an AT/XT bus interface, a dual port 
Buffer Manager, a storage controller and an extensive 
hardware support, including 24 mA drivers, for the PC 
AT/XT and other compatible interfaces. 

The SSI 32C4650 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization, ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

FUNCTIONAL DESCRIPTION 

The major functional elements and data paths of the 
SSI 32C4650 are shown in the block diagram. 

The four major functional blocks are: 

Buffer Memory Interface, 

Microcontroller Interface, 

Disk Formatter.and 

Host Interface. 

The SSI 32C4650 performs the functions to interface a 
serial data storage device such as a Winchester Disk 
Drive, to a parallel bus interface for data processing on 
a byte wide basis. The functions necessary to accu­
rately make this conversion are serialization/ 
deserialization, error detection and correction, and 
data path control. The SSI 32C4650 also has a general 
purpose interface line to further facilitate control of the 
data storage device or parallel interface. An eight byte 
stack allows data to be saved and reviewed by the 
microprocessor for error handling purposes. The inter­
nal sequencer performs most of the operations in 
conjunction with the control and status registers. The 
sequencer program is contained in an internal se-
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quencer RAM, which is easily (re)programmed provid­
ing almost infinite flexibility in drive format and control 
features. A microprocessor effects both initialization 
and control of the SSI 32C4650 by writing to and 
reading from the internal registers, sequencer RAM, 
stack and general purpose 1/0 circuitry. The micropro­
cessor interface block of the SSI 32C4650 provides the 
communication and controlfor the SSI 32C4650 to the 
microprocessor. For a complete description of the 
programmable registers, refer to the SSI 32C4650 
Design Gulde. 

BUFFER MEMORY INTERFACE 

The buffer memory interface, referred to as the Buffer 
Manager includes a bi-directional data bus that ex­
changes data bytes between an external buffer 
memory and the serializer/deserializer or the host 
interface. The circuitry allows the use of static RAM as 
a dual port circular Fl FO, and supervises data transfers 
to and from the RAM. The device contains logic that 
resolves disk and host requests. The arbitration is 
achieved by giving priority to the disk and utilizing 
internal data FIFO's for temporary host and disk data 
storage. 
The Buffer Manager is capable of handling buffer sizes 
from 256 bytes to 64K bytes. The circuit provides up to 
16 direct address signals, along with Memory Output 
Enable (MOE) and Write Enable (WE) signals. The 
buffer RAM address is generated from one of two 16-
bit counters, one of which being the write address 
pointer (SCH & 5DH) and the other the read pointer 
(5AH & 5BH). The address generation as well as the 
memory control signals are synchronous to the Buffer 
Clock (BCLK), allowing the user many choices of buffer 
RAM speeds, with different combinations of the disk 
and host transfer rates. 

The Buffer Memory Interface is a dual port buffer 
controller that allows low speed static RAM's to be 
configured as a dual port circular FIFO buffer. It gener­
ates all the buffer memory addressing required and 
manages two ports: Port A, a synchronous peripheral 
device interface and Port B, an asynchronous host 
interface. The Buffer Manager has arbitration logic to 
support the AT or XT host transfers under OMA control 
or Programmed 1/0 control. 

On-chip counters generate the addresses (BAO-BA 15) 
needed to access up to 64K of external static RAM. 
Along with the addresses, the Buffer Manager block 
outputs a Memory Output Enable (MOE) and a Write 
Enable (WE) signal for a static RAM buffer. 
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The address generator contains two 16 bit pointers, the 
read address pointer (RAP) and the write address 
pointer (WAP), which indicate where in the external 
buffer RAM data is to be read or written. During data 
transfers, these pointers are automatically 
incremented as the RAM is accessed. The pointers 
wrap around to O when the programmed buffer size is 
exceeded. To prevent host overruns of the buffer 
(caused by one of the pointers overtaking the other), 
the address generator includes a 16-bit stop pointer 
(SEH & SFH). The microprocessor loads SP with the 
last address in buffer memory to be accessed during a 
host OMA transfer. When the port B address (RAP 
during an upload to the hostorWAPduring a download 
to the peripheral) reaches the value in SP, the DMA 
transfer is automatically suspended. 

The period of the Buffer Memory access cycle is 
determined by programming bits 6 and 7 of CLOCK 
CONTROL, register 7FH, and is based on the BCLK 
input. The period of the Buffer Memory access cycle 
determines the access time requirement for the buffer 
RAMs. The C260 samples the data from the RAM at the 
falling edge of the BCLK signal. Buffer Memory 
throughput and the RAM speeds can be determined 
from the following equations: 

Buffer Memory Throughput = 

1 I Period of Memory Access Cycle 

For Buffer Memory Read: 

Max. Read Access Time= T, - Av max - Dismin 

Min. Output Enable = (T, /2) - Mv max - Dismin 

For Buffer Memory Write: 

Address set up to WE i = T, - Av max+ Whmax 

Data set up to WE i = Min. Output Enable 
= (T1 /2) - Mv max - Dismin 

Note: For an explanation of Avmax' Dismin' Mvmax' 
Whmax' Dovmax parameters, refer to Buffer 
Memory Read/Write Timing Parameters. 
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MICROPROCESSOR INTERFACE 

The microprocessor interface decodes microproces­
sor read and write requests and provides access to the 
appropriate register or internal memory location. Since 
both data and address information are carried on the 
multiplexed bus lines ADO-AD?, address information is 
latched from the bus on the falling edge of the micro­
processor signal, Address Latch Enable (ALE). When 
CS is asserted along with either RD or WR, the register 
whose address was previously latched is selected. The 
addresses and names of all the accessible registers 
are shown in the Register Address Map. The micropro­
cessor should not read or write the sequencer RAM 
while the sequencer is running, since there is no 
circuitry to resolve conflicting accesses and incorrect 
sequencer operation will result. 

The status and control registers make status informa­
tion available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
applications. The microprocessor can monitor the sta­
tus of transfers in progress and control the ECC regis­
ter operation, the ECC polynomial, the clock genera­
tion hardware, the sequencer program execution, 
buffer size, read and write pointers, and stop pointers. 
The microprocessor also has access to the 
sequencer's microprogram RAM so that it loads the 
microcode for all controller operations. 

DISK FORMATTER 

The serializer/deserializer circuit interfaces the parallel 
buffer memory bus to serial NAZ data stream of the 
peripheral device. Byte synchronization is maintained 
with a bit ring, which is an 8-bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
sequencer instruction. The bit ring continues to oper­
ate until the end of the field (ECC written or read). 
During write operations, the sequencer may cause 
address marks and sync patterns to be loaded into the 
serializer instead of data bytes. These special patterns 
are contained in a sequencer instruction and are trans­
ferred to the serializer over an internal byte wide data 
path. During read operations, bytes of overhead in­
formation may be routed to the stack or sequencer for 
comparison against target values. This process is 
controlled by the control field (SEQCONF) in each 
sequencer instruction. 

The eight byte recirculating stack may be used to 
capture read data for later examination by the micro­
processor. Data is pushed onto the stack under se-
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quencer control. The control bit ST ACKEN in the 
sequencer instruction field SEQCONF in the se­
quencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
from the top of the stack by the microprocessor via the 
ST ACK register, the data is recirculated to the bottom 
of the stack, allowing the stack contents to be exam­
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 

Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedb~ck that performs ECC or CRC generation and 
checking. The feedback taps for the desired polynomi­
als are fixed as follows and the user may select 
between the 16-bit CRC, 32-bit ECG, or the 56-bit ECG 
as desired. This selection is accomplished by program­
ming the WCS COUNT FIELD and the ECC CON­
TROL register (Register 71 H, bit 6). 

In the forward direction, the options available include: 

CRC polynomial which is the CCITT CRC code: 

x's + x'2 + x s + 1 

32-bit ECC polynomial: 

x32 +x2• +x26 +x19 +x11 +x10 + xs +x2 + 1 

56-bit ECG polynomial: 

xsG +xs2 +xso +x43 +x., +x34 + x3o +x26 +x24 +x• + 1 

The reverse polynomial options include: 

32-bit ECG polynomial: 

x32 +x'° +x2s +x22 +x's +x'3 + xs +x4 + 1 

56-bit ECG polynomial: 

x56 +x4B +x32 +x'° +x26 +x22 + x1s +x13 +xs +x4+ 1 

The 56-bit polynomial can detect single burst errors up 
to 56 bits in length, and double-burst errors, where the 
combination of bursts is less than or equal to 41 bits. 
This polynomial can also correct single-burst errors up 
to 23 bits in length. The 32-bit ECC polynomial is the 
standard polynomial found in IBM PC AT controllers. 

The forward and reverse polynomial is selected by 
programming ECG CONTROL (Register 71H, Bit 7). 
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Whichever polynomial is selected, the ECC/CRC shift 
registers always start preset to all 1 s. 

The sequencer controls the time critical operations of 
the SSI 32C4650. It executes programs stored in the 
28 word by 32-bit sequencer RAM, and can be pro­
grammed to support hard and soft sectored read, write, 
search, and verify operations for a wide variety of 
Winchester Disk Drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined in the Sequencer In­
structions of this data sheet. Each instruction is com­
prised of four bytes. Each of the four bytes represents 
a function of the sequencer operation. They are ad­
dress field, control field, data type field, and data field. 
The organization of these fields is shown in the Regis­
ter Bit Map in the SSI 32C4650 Design Guide. The 
Sequencer Registers provide control from and status 
to the microprocessor and sequencer. They contain 
branch, next, and start addresses, and sequencer 
status information. The SEQUENCER STATUS reg­
ister provides information on the sequencer state such 
as whether an ECC error occurred, a compare equal or 
low occurred, if the branch condition or address mark 
is active, or whether the sequencer is halted. 

HOST INTERFACE 
The internal receivers and drivers on the host interface 
block allow the device to connect directly to the PC 
Host bus. The drivers are capable of sinking up to 24 
mA and drive a load up to 300 pF. 

The wait state generator extends the Host 1/0 cycle 
and inserts wait states by asserting IOCHRDY. This 
generator is only active during Programmed 1/0 trans­
fers and works in two ways: 1) inserting programmed 
number of Buffer Memory Cycles for every host access 
of the device, and 2) asserting IOCHRDY only when 
the device is not ready for the transfer. Register 58H, 
Bits O and 1 , program the wait states cycles and Bit 2 
asserts IOCHRDYwheneverthedevice is not ready for 
transfer. 

The auto decoding circuitry allows the device to speed 
up the performance of the controller by decoding Write 
commands that require data transfer from the Host to 
the Buffer Memory. These commands include Format 
(5XH), Write Buffer (ESH), Write or Write long (3XH). 
The device automatically starts accepting data without 
the local microcontroller control when any of these 
commands are loaded into the COMMAND REGIS­
TER by the host. If interrupts are enabled, the device 
generates an interrupt to the local microcontroller. The 
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PC STOP POINTER (Registers SEH and SFH) is 
initialized to 01 FFH. If DISABLE STOP POINTER 
COMPARE (Register S2H, Bit 6) is set, the local 
microcontroller must initialize the PC STOP POINTER 
to enable comparison of the WRITE ADDRESS 
POINTER (Registers SCH and SDH) with the HOST 
STOP POINTER. The Formatter disconnects from the 
Buffer Manager on receiving one of these commands. 
It also disables write access by the local 
microcontroller to the OMA CONTROL REGISTER 
(S3H) and WRITE ADDRESS POINTERS (SCH and 
SDH). In addition, read/write access to the BUFFER 
MEMORY ACCESS REGISTER. Access to these 
registers is enabled when the local microcontroller 
writes to AUTOCOMMAND "LOCK" RELEASE regis­
ter (73H). 

PIN DESCRIPTION 

GENERAL 

NAME TYPE DESCRIPTION 
vcc +SV POWER SUPPLY 
BGND BUFFER BUS GROUND 

LGND LOGIC GROUND 

HGND HOST GROUND 

HOST INTERFACE 

SSI 32C4650 
PC AT/XT Combo Controller 

The ECC bytes are transferred to and from the host by 
enabling by Bit 1 of the command byte by the host, 
indicating Read and Write Long command. If a Read or 
Write Long command is received, Buffer Memory 
transfers to/from the Host will exceed the PC STOP 
POINTER (Registers SEH and SFH) by the count of 
ECC bytes. Initially the PC STOP POINTER is set at 
the end of the Data Field. When the active READ 
ADDRESS POINTER (Registers SAH and SBH), or 
WRITE ADDRESS POINTER (Registers SCH and 
SDH), matches the PC STOP POINTER (Registers 
SEH and SFH), the internal FIFO will be emptied of the 
word width data, the PC STOP POINTER gets 
incremented by the count of ECC bytes. The ECC 
bytes will then be transferred in Byte Mode. 

A0:2 I HOST ADDRESS LINES. These pins are used to address the internal registers by the AT 
bus. 

A9/HCS1 I HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. A9, this pin is used in conjunction with 
the A0:2 address lines to address the internal task file registers. HCS 1 is an active low pin, 
used to qualify Host access. 

HCSO I HOST CHIP SELECT 0. Active low, this pin selects access to the control, status and data 
registers. 

IOCS16 0 1/0 SELECT 16. An open drain output that indicates that a 16-bit sector buffer transfer is 
active. 

HINT 0 HOST INTERRUPT. Asserted to indicate to the Host that the controller needs attention. 

IOCHRDY 0 1/0 CHANNEL READY. Active low, this signal is asserted whenever that internal host 
FIFO is not ready to transfer a word. 

OREO 0 OMA REQUEST. This pin is programmed to function as the PC/AT bus signal in the PC/ 
AT OMA mode. 

DACK I DMA ACKNOWLEDGE. Active low, in the PC/AT DMA mode this pin is programmed to 
be the PC/AT channel signal - DACK. 

IOR I INPUT READ SELECT. Active low, this pin is asserted by the Host during a Host read 
operation. 

IOW I INPUTWRITESELECT.Activelow,assertedbytheHOSTduringaHOSTwriteoperation. 
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NAME I TYPE I DESCRIPTION 

HOST INTERFACE (Continued) 

HRESET I HOST RESET. This signal resets all commands in progress when active, and initializes 
the control/status registers. 

HOB 15:0 110 HOST DATA BUS. Active high bi-directional pins. These bits are used for data transfers 
between the Host and the Buffer Manager. 

DISK INTERFACE 
INDEX I INDEX. Input for index pulse received from the drive 
INPUT/ 1/0 INPUT/OUTPUT. A general purpose control and status pin. It can be either an input or 
OUTPUT an output. At power-on, this pin is an input. 
WAM/ 1/0 WRITE ADDRESS MARK/ADDRESS MARK DETECT/SECTOR. This pin becomes 
AMO/ an active low address mark detect if read gate is on, or write address mark if write gate 
SECTOR is on. It operates in hard or soft sector modes. The default is soft sector. In hard sector 

mode this is the input for the sector pulse. 
RG 0 READ GATE. During NAZ data read. this pin is asserted. 
WG 0 WRITE GATE. During NRZ data write, this pin is asserted. 
RD/REF/ I READ/REFERENCE CLOCK. This pin is used in conjunction with the NAZ pin to clock 
CLK data in and out of the SSI 32C260 device. 
NAZ 1/0 NAZ. This pin is used in conjunction with the RG and WG when reading and writing from 

and to the disk. 

MICROPROCESSOR INTERFACE 

AST I RESET. Active low input, when pulled low, the internal registers of the SSI 32C260 are 
held at reset. 

ALE I ADDRESS LATCH ENABLE. This control signal latches the address on the address/data 
lines. 

cs I CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C260 
can be accessed. 

WR I WRITE. Active low input{ when active the data is written to the internal registers. 
RD I READ. Active low input, when active that data is read from the internal registers. 
INT 0 INTERRUPT. Push-pull or open-drain signal, when active, indicates local microcontroller 

interrupt. 
AD7:0 110 ADDRESS/DATA BUS. 8-bit bus for both microprocessor register address and data. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MANAGER ADDRESS LINES.Active high, for direct connection to a static RAM. 
BD0:7 1/0 BUFFER MANAGER DATA BUS. 7through 0. Active high, buffer data bus that connects 

directly to the buffer RAM. 
MOE 0 MEMORY OUTPUT ENABLE. Active low select for the buffer RAM. 
WE 0 WRITE ENABLE. Active low, write enable for the buffer RAM. 
BCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 

generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Ambient Temperature Under Bias 

Storage Temperature 

SSI 32C4650 
PC AT/XT Combo Controller 

RATING UNIT 

Oto 70 oc 
-65 to 150 oc 

Voltage On Any Pin With Respect To Ground GND-0.5 to VCC+0.5 v 
Power Dissipation 0.750 Watt 

Power Supply Voltage 7 v 
Max Current Injection 50 mA 

NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS 

PARAMETER CONDITIONS 

vcc Power Supply Voltage Operating 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL(1)* Output Low Voltage IOL= 2 mA 

VOL(2) Output Low Voltage IOL= 24 mA 

VOH Output High Voltage IOH = -400µA 

ICC Supply Current 

ICCs Supply Current Standby All Inputs at GND or VCC 

IL lllQUt Leak~e Current O<VIN<VCC 

CIN Input Capacitance 

COUT Output Capacitance 

NOTE: (1) All output pins except for host interface signals 
(2) Host interface outputs 
(*) IOL = 4 mA for RG and WG 
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MIN NOM MAX UNITS 

4.5 5.5 v 
-0.5 0.8 v 
2.0 VCC+0.5 v 

0.4 v 
0.5 v 
2.4 v 
50 mA 

250 µA 

-10 10 µA 

10 pF 

10 pF 
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AC CHARACTERISTICS 

The following timings assume that all non-Host Bus output pins will drive one Schottky TTL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V±10%, and an ambient temperature of 0°C to 70°C. 

Host OMA 8/16-Blt Interface Timing Parameters (Figure 1) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

DREQL OREO low from DACK low 80 ns 

ROTA iOR low to HD [0:15] valid 60 ns 

RDHLD iOR high to HD [0:15] tri-state 0 20 ns 

WDS HD [0:15] setup to IOW high 40 ns 

WOHLD HD [0:15) hold from IOW high 10 ns 

RWPULSE IOR/IOW pulse width 80 ns 

f 

~ 
·~ .. ~----------------
' DREOL 
I 

RWPULSE 1 

HDI0:15J (read) 1 
1 

~~~~~~~~~:.--~~~-'>.<~~----~__,).(~~~~~~~~­
..... ~-----·... ·~ .. RDATA ' ROHLO . 

_H~oro_:1_s~11_wri_m~>-------.----....... •,..-~~__.~~~-.......',..-~~~~~-

~~~~~~~~~~~__,).( ).(~~~~~~~ 
~~ ~·~ •. 

WOS WOHLD 

FIGURE 1: Host OMA 8/16-Blt Interface Timing 
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HOST Programmed 110 8-16-Blt Timing Parameters (Figure 2) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CS16L HCSO low, A0:2, A9 low, or 20 ns 
HCS1 high to IOCS16 low 

IOCHL IOR/IOW low to IOCHRDY 25 ns 
low 

IOCHTW* IOCHRDY pulse width 0 5xBCLK ns 

ROTA IOR low to HD[0:15] valid 60 ns 

RDHLD IOR high to HD[0:15] tri-state 0 20 ns 

WDS HD [0:15] setup to IOW high 40 ns 

WOHLD HD[0:15] hold from IOW high 10 ns 

RWPULSE IOR/IOW pulse width 80 ns 

AD RS ET HCSO, A0:2, A9/HCS1, 25 ns 
setup to IOR/IOW low 

ADRHLD HCSO, A0:2, A9/HCS1 hold, 10 ns 
from IOR/IOW high 

*Maximum specification applies when Auto Wait State Generation is disabled (Register 58H, Bit 2 is reset.) 

A0'2,A9 

;..___.\_ :~ 
I CS16L I'-------------------, 
I . 

,.,. .. , 
1 ADRSET 

I 

IOCHL_., 
I 

FM PULSE 

'~--~ 
, .. IOCHlW ... : 

... .... 
ADRHLD 

HD[0:15J (read) 1 

---------~---~>.<:===:==y(~----------,.. ..., ~ 
RDTA I RDHLD 

HD[0:15)(write) , • 

---------~X~-----~--~>:<~--------,.. ..... .... 
WDS I WOHLD 

FIGURE 2: Host Programmed 8/16-Bit Timing 
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Microcontroller Interface Timing Parameters (Figures 3, 4) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Ta ALE Width 45 ns 

Taw ALE .,j;to WRITE .,j; 25 ns 

Tar ALE .,j;to READ .,j; 25 ns 

Tw WR Width 140 ns 

Tr RD Width 140 ns 

As Address AD [0:7] 5 ns 
valid to ALE.,j; 

Ah ALE .,j;to Address 20 ns 
AD [0:7] invalid 

Cs ALE .,j;to CS valid 5 ns 

Ch RD tor WR tto cs"" 0 ns 

Wds Write Data AD [0:7] 55 ns 
valid to WR t 

Wdh WR tto Write Data 10 ns 
AD [0:7] invalid 

Tda RD.a.to Read Data 100 ns 
AD [0:7) valid 

Tdh RDtto Read AD [0:7] 50 ns 
float (undriven) 

NOTE: .a. Indicates falling edge. t Indicates rising edge. 

I 

ALE L ~ .. 
I Ta 

I 

I I ' ' 
------/-. ....... ~ 

;wds1Wdh• 

AD [O:?J IN ~ 
I ... , ...... 

As Ah 

' 
•,,------------~,' I ~ 

~: 
cs ~ 

WR" 

I ..... 
Taw 

I ... 
1<111 ' -----Tw---~ .. ~., ----~ 

FIGURE 3: Register Write Timing 
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ALE 

FIGURE 4: Register Read Timing 

Disk Read/Write Timing Parameters (Figures 5, 6) 

PARAMETER CONDITIONS 

T RD/REF CLK Period 

T/2 RD/REF CLK High/Low Time 
-· 

Tr= Tl RD/REF CLK Rise and 
Fall time 

J-- --

Ds NRZ valid to RD/REF CLK 1' 

Dh RD/REF CLK1'to NRZ invalid 

As* AMD valid to RD/REF CLK 1' 

Dv RD/REF CLK1'to NRZ 

wv· RD/REF CLK1'to WAM 

NOTE: .i. Indicates falling edge. t Indicates rising edge. 

* These specifications are only applicable in the Soft Sector Mode. 

NRZ (read) 

FIGURE 5: Disk Read Timing 
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MIN 

38.0 

16 

15 

7 

15 

5 

5 

NOM 

.... ... 
I Tdh I 

MAX UNITS 

ns 
-~-- r------ ----------

ns 

5 ns 

--

ns 

ns 

ns 

25 ns 

25 ns 

Tr 
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RD/REFCLK / 

NOTE: NRZ DATA changes alter the rising edge of RD/REF CLK. 

FIGURE 6: Disk Write Timing 

Register "TOH Access Timing Parameters (Figures 7, 8) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

To RD.i.to MOE .i. 40 ns 

Tda 80[0:7] valid to AD[0:7] valid 55 ns 

Trh RDtto AD[0:7] invalid 50 ns 

Toh RD tor WR tto MOE t 40 ns 

Taw AD[0:7] valid to WE .i. 55 ns 

Tao AD[0:7] valid to MOE"- 55 ns 

Tad AD[0:7] valid to 80[0:7] valid 55 ns 

Twwh WRttoWEt 40 ns 

Twdh WR tto 80[0:7] invalid 50 ns 

NOTE: .i. Indicates falling edge. t Indicates rising edge. 

ml I 
I I 

I .. .. I I .. .. I 
I To I I Toh I 

M5E I I I 

BDO: 

I 
I 

ADO: I 
I I 

I 

-..:Tda~~ Trh ~ 

FIGURE 7: Register 70H Read Timing 
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AD : 

I 
t+---+-1 1,. .,1 

i;mi; I Tao I I Toh I 
I I 

~I I 
I T,.. I I I 

~ I 1" .. I 
Twwh 

I Twdh 

BD[Q:IJout .. < 1,. 
I Tad I 

FIGURE 8: Register 70H Write Timing 

Buffer Memory Read/Write Timing Parameters (Figure 9) 

PARAMETER CONDITIONS MIN 

Te BCLK Period 41 

Te/2 BCLK High/Low Time 16 

Ter=Tef BCLK Rise and Fall Time 

T1 BUFCLK* Period 125 

Av BUFCLK*.j,.to BA[0:15] valid 

Dov BUFCLK*tto BD[0:7] valid 

Doh BUFCLK*1'to BD[0:7] invalid 0 

Mv BUFCLK*tto MOE .j,. 

Mh BUFCLK*.i.to MOE 1' 10 

Wv BUFCLK*1'to WE .j,. 

Wh BUFCLK*.j,.to WE 1' 5 

Oma MOE1'to BA[0:15] Hold 10 

Dis BD[0:7] valid to BUFCLK*.j,. 5 

Dih BUFCLK*.j,.to BD[0:7] invalid 10 

TBbr BCLKtto BUFCLKt 

TBbf BCLK.i.to BUFCLK.j,. 

NOTE: .i.lndicates falling edge. t Indicates rising edge. 

I 

) 

NOM MAX UNITS 

ns 

ns 

5 ns 

ns 

65 ns 

50 ns 

ns 

30 ns 

35 ns 

30 ns 

30 ns 

30 ns 

ns 

ns 

24 ns 

21 ns 

* BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). If the Buffer Memory Access Cycle period 
is programmed to be a multiple of the period of BCLK pin, BUFCLK above refers to the Buffer Memory Access 
Cycles and the falling edge referred to above would be coinciding with the rising edge of the BCLK pin. 
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TB! TBr 
I TB I I I 
I ..,.,..._ ____ _. .. ..,1 ~ 1.4- _.i ~ 

BCLK /~~-----~~ T~2 /~-----~i\,.:~1 ------~-----
~~----' I T~2 ... I I 

I I I _.i : l~TBbf I T1 

_B_UF_C_L_K __ __,~r;-----~:'J-;~1 -----~{~-----~~-------)' 
~I r4-TBbr 1I1 

I I I 
1.,. .,..1 I ~ ~Dma1 

_B_A~[0_:1~s1 ___________ 1 __ A_v_~,.y~-+-:-------+---~1-1' I 

I .,.1 I I 

liill5lO I ... Mv I ~.I . ----r-------'="'--------------------'---~I , 
I I 
I I I 
I ..... I ~ 
I Wv I I Wh I 
I I ,,----~I ---~ 

I I I 
1 ...... I -
I Dov I I ; Doh- 1 

-=--"""'~~-""'"'----------------~v1r----t11--------~~ _13D [O:TI (buffer write) /i "---

I I .. D' ... : ... D.~I 
I IS . I I 

~B-D[~0:~7J~(b~u~~~rr~ea~d~)-----------------~,/ "'----------
1 I 

FIGURE 9: Buffer Memory Read/Write Timing 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

BA1 

BA2 

BA3 

• BM 

• BAS 

~· BA6 
ell• 

BA7 i' -· BAB 

E• BA9 

>-' +5V ..... 
o, BGND 
E, BGND 
Q). BA10 :::?, 

BA11 Ci. 
:t:' BA12 

:J' BA13 
CD' BA14 

BA15 

BD7 

BD6 

Host Bus Interface 
~-------------------------------------1 

- --o-NMDOv~w~oom~~DD~~~~~ I 

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~I 

0 

CDe 

~---VMN~o~~~W~DO~~~~VMN-ow--~x 
o~QQooooo ~ 1~u~zz~oooooooo~Q~~w 
,m£~~cnmmmm 1.- ""''gg <<<<<<<<< 1 ~£~~ . ' ~-
I 11 :· s 
I II I ::::> 
--------------------------------~ ~ 

Buffer Memory Interface Microcontroller Interface 

100-pln QFP 

Disk 
Interface 

OREO : ~ 
lCiCRlIDY I ~ 
m;s(f I Q) 

A9/Hl581 I E ,-
A2 I Cl) 

A1 

A/J 

:J 

:~ 
HINT : ~ 
LGND I I 

LGND 

BCLK - ---------
NRZ 

----------·-----~~---

CAUTION: Use handling procedures necessary 
for a static sensitive corrl)Onent. 
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PACKAGE PIN DESIGNATIONS (Continued) 
(TOP VIEW) 

CAUTION: Use handling procedures necessary 
for a static sensitive oor11>0nent. 

.... 

BOO 
mi: 

I WE 
,- ''Im' 

cs 
Wfl 

LGND 
1ili 

AD7 
Jg 1 ADS 

e ADS 
c AD4 
0 1 AD3 

~ AD2 
.!,2 1 AD1 
::2 I ADO 

1 ALE 
~ - --

Buffer Memory Interface --------------------------., 
' ' 
' lD '¢ C'> N - 0 0 ' 
1,\g ~ ti < < < < < < ~ Gi ~ l2 !< l2 :fl ::( ~ Ii!< ~' mcommmmmmmm +mmmmmmmmmm 

~em=~~~•~N-~~~mi~~~~~ 

~ 0 N 

~~~~~~~;~~~~~~~~~~~~ 

~~~~~~~~~~-~~~<Ii!~~~@~~ 
~~b ~zg 9r ~~x~~ 
0 - w ~ ~ 

73 
72 

71 
70 

S9 
68 

S7 
66 
SS 
64 

S3 
62 
S1 
60 

59 

58 

S7 
56 

55 
54 

S ~ 13 I 

~ ~ a: ;~---------------· 
, , Host Bus Interface 
'----------' 

Disk Interface 

84-pln PLCC 

-- - .., 
HOBO 1 
HDB1 
HDB2 
HDB3 
HGND 
HDB4 
HOBS 
HOBS 
HDB7 
HOBB 
HDB9 
HDB10 
HDB11 
HGND 
HDB12 
HDB13 
HDB14 

I Q) ,g 
I 't: 
•$ 
I C: I-;;; 
I ::J 
I ID ·-· ~ ' :c 
I 
I 

HDB1S 1 

HRESET • 
iC5W 
+SV 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
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DESCRIPTION 

The SSI 32C4651 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PC AT/XT driven hard disk controller. The SSI 
32C4651 is one of the family of Silicon Systems' single 
chip disk controllers. The SSI 32C4651 's place in the 
Silicon Systems' chip family is illustrated in the hierar­
chy chart in Figure 1. It provides most of the functional 
circuitry necessary to build an "ATA" embedded disk. 

The SSI 32C4651 is capable of supporting interleaved 
data transfer rate up to 26 Mbil/s. This chip represents 
a major reduction in part count when used with the SSI 
32P4720 Pulse Detector and Data Separator combo, 
the SSI 32R2010 Read/Write device, the SSI 32H6520 
Embedded Servo Controller device, and the SSI 
32H6810 Servo and Motor Speed Controller with driv­
ers implementing a low power and cost efficient 5-chip 
set intelligent drive solution for 24 Mbil/s applications. 

The SSI 32C4651 includes a dual port Buffer Manager, 
a storage controller, and a high performance AT host 

SSI 32C4651 
PC AT/XT Combo Disk 

Controller 26 Mbit/s 

tti "k' U{j m '·';; ·F" t.1 ;1 
December 1991 

interface block that incorporates an extensive hard­
ware support - including 24 mA drivers - for the PC 
AT and other compatible interfaces. 

The SSI 32C4651 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

FEATURES 

• PC AT/XT Bus Interface 

Single Chip PC AT/XT Controller 
Direct bus Interface logic with on-chip 
24 mA drivers 
Logic for daisy chaining 2 embedded ATA 
drives 
Buffer transfer In single or burst mode 
OMA or PIO modes 
Provides logic to speed up command 
response 

(Continued) 

BLOCK DIAGRAM 
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FEATURES (continued) 

Supports 26 Mblt/s concurrent disk 
transfer on a 3 M words/s PC-AT without 
wait states 

• Buffer Manager 

Dual port buffer access with access 
priority resolver 

8·byte stack for header Information 
storage 
Supports programmable sector lengths up 
to a full track 
Two-Index counter providing sector l.D. 
search and retry limits 
Preset of CRC/ECC generator to either 
"O's" or "1's" 

Total Buffer Memory throughput to 
10 MByte/s 

• Microprocessor Interface 

Direct Buffer Memory addressing up to 
64 kB Static RAM 
4k Buffer segmentation support 
Provides host overrun control 

• Storage Controller 

NAZ Data Rates to 26 Mbit/s 

Interface to high speed processors -
16 MHz 8051 or 12 MHz 68HC11 
Programmable wait state Insertion for 
faster microprocessors 
Provides microprocessor access to 8 
external switch settings 
Interrupt or polled microprocessor 
Interface 

Selectable 16-bit CRC or 32/56 bit ECC 
polynomial with hardware correction 
circuitry 

• Others 

Internal power down mode 
Operational at ±10% of 5V Microprocessor based split data field pro­

cessing logic 
Highly programmable Advanced 
sequencer organized in 31 x 4 bytes 

Plug and play compatible with the Cirrus 
Logic SH-260, SH-265 and the SH·266 
Available In 100-pin surface mount QFP 

26 Mbit/s NRZ. 
AT/XT Controller 

SH-265 Compatible '-----.----' 

32C4650 

32C9000 32C9001 

32C260 15 Mbit/s NRZ. 
ATIXT Controller 

'----.-~ SH-260 Compatible 

32C4651 

ATIXT Controller wlRLL 
2, 7 ENDEC, 24 Mbit/s 

32C9301 32C9010 

26 Mbit/s, NRZ, 32C263 
16 Mbit/s, NRZ, 

ATIXT Controller 3V Operation 
SH-266 Compatible SH-266 Compatible 

32C9020 32C9022 

32 Mbitls NRZ. 
AT Controller, 

56BitECC 

48 Mbit/s NRZ. AT 30 Mbit/s NRZ, AT 32 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 

3V Operation Dual Bit NRZ 

FIGURE 1: Silicon Systems' Disk Controller Chip Hierarchy 

8-60 1291 



1291 

FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 

Buffer Memory Interface 

Disk Formatter 

Host Interface 

The SSI 32C4651 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 

PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 

(l/S) denotes a Schmitt trigger input 
(0) denotes an output 

(1/0) denotes a bidirectional signal 
(Z) denotes a tri-state output 

(OD) denotes an open drain output 

SSI 32C4651 
PC AT/XT Combo Disk 

Controller 26 Mbit/s 

poll on the status registers. Access to the control store 
and registers is accomplished through the micropro­
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors such as the Intel 
8051. For a complete description of the program­
mable registers, refer to the SSI 32C4651 Design 
Gulde. 

The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction assistance; 
and CRC generation and checking on the header 
stream. The contention between the host and the disk 
requests for buffer RAM access is internally arbitrated 
and resolved. 

Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a slash 
between the two signals: A9/HCS1 , for example. 

GENERAL 

NAME TYPE DESCRIPTION 

VDD POWER SUPPLY PIN, VCC 
GND GROUND 

HOST INTERFACE 

A0:2 I HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

A9/HCS1 I HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 52H, bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as HCS1 this input is ignored when 
DACK is asserted. 

HCSO I HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This input is ignored when DACK is asserted. 

IOCS16 OD 16-BIT DATA TRANSFER. An open drain output when active low indicates that a 16-bit 
buffer transfer is active. 

HINT 0 HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 

IOCHRDY O,Z 1/0 CHANNEL READY. Asserted active low whenever the internal host FIFO is not ready 
to transfer data. 
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PIN DESCRIPTION (Continued) 

HOST INTERFACE (Continued) 

NAME TYPE DESCRIPTION 
DREQ O,Z OMA REQUEST. The OMA Request signal is asserted active high during OMA transfer 

between the Host and the SSI 32C4651. 
DACK I OMA ACKNOWLEDGE. This signal is asserted low by the host during OMA to complete 

the OMA handshake for data transfer between the host and the controller. 
IOR I INPUT READ SELECT. This pin is asserted active low by the Host during a Host read 

operation. When asserted with HCSO , HCS1, or DACK, data from the device is enabled 
onto the host data bus. 

IOW I INPUTWRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO, HCS1, or DACK, data from the host data bus is strobed into 
the device. 

HR ES ET l/S HOST RESET. This signal, when asserted active high, stops all commands in progress 
and initializes the control/status registers - see Design Guide for Register Reset 
conditions. This signal can also ''wake up" the device while it is in power down mode. 

HOB 110 HOST DAT A BUS. These bits are used for word transfers between the Buffer Memory 
(15:0) and the Host; bits (7:0) are also used for status, commands, or ECC byte transfers. 

DISK INTERFACE 

INDEX I INDEX. This input is a pulse that occurs once per revolution and defines the start of sector 0. 

INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
OUTPUT (input) pin configured by the Output Enable Bit of Sequencer Mode Selection Register 77H, 

bit 6. At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. The state of this pin is sampled by reading Formatter 
interrupt Enable Register 7EH, bit 2. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 

WAM/AMD 1/0 WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 
SECTOR to operate in Hard or Soft Sector mode by initializing the Formatter Mode Selection Register: 

77H, bit7. In the hard sector mode it is used as the sector input-a pulse on this pin indicates 
a sector mark is found. 

In the soft sector mode, a one-bit wide active low output pulse is asserted when formatting 
to allow writing of address mark. When reading, an active low input indicates an address 
mark was detected. The device powers up in soft sector mode. 

RG 0 READ GATE. This output enables the reading of the disk. It is asserted active high at the 
beginning of the PLO for header and data field by the sequencer Control Field bit 6. It is 
automatically deasserted at the end of the CRC or ECC, when the sequencer processes 
servo gaps between data fragments, or when the sequencer goes to the stopped state. 

WG 0 WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 7. 

RRCLK I READ/REFERENCE CLOCK. This pin is used in conjunction with the NAZ pin to clock data 
in and out of the SSI 32C4651 device. This input must be glitch-free to ensure correct 
operation of the chip. 

NAZ 1/0 NON RETURN TO ZERO. This signal is the serial read data input from the disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 
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MICROPROCESSOR INTERFACE 

NAME TYPE DESCRIPTION 

AST l/S RESET. An active low input generates a component reset that holds the internal registers 
of the SSI 32C4651 at reset, stops all operations within the chip, and deasserts all output 
signals. All input/output signals and Host outputs are set to the high-Z state. 

ALE l/S ADDRESS LATCH ENABLE. This control signal latches the address on the AD 7:0 lines. 

cs l/S CHIP SELECT. This active high signal must be asserted for all microprocessor accesses 
to the registers of this chip. 

WR l/S WRITE STROBE. Active low WR and CS assertion causes the data to be written into the 
specified registers from the AD lines. 

RD l/S READ STROBE. Active low assertion RD and CS causes the data from the specified 
register to be driven on the AD 7:0 lines. 

INT O,OD INTERRUPT. An active low signal which indicates the controller is requesting micropro-
cessor service. This signal is programmable for either a push-pull with an internal pull up 
resistor or open-drain output circuit. This signal powers up in the high-Z state. Formatter 
Mode Selection Register, 77H: bit 4 set high, disables the pullup on the output pin, leaving 
an open drain output. This is intended to support multiple interrupt sources. 

AD7:0 1/0 ADDRESS/DATA BUS. These lines make up the multiplexed, bidirectional data path to 
the microprocessor. ALE latches register address from this bus with data transferred 
during RD or WR assertion. 

LADY 0 LOCAL MICROPROCESSOR READY: When this signal is deasserted low, the micropro-
cessor inserts wait states to allow time for the chip to respond to the access. Wait states 
are programmed by Auxiliary Control 1 Register - 4FH: bits 7-6. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the static memory chips used to implement the buffer memory. 

BD0:7 1/0 BUFFER MEMORY DATA BUS. 7 through 0. The bidirectional Data Bus connects the 
buffer RAM to the buffer manager. This bus is designed for high speed data transfer. 

MOE 0 MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 
the Data Bus from the RAMs. 

WE 0 WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
from the Data bus. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address lines, write enable WE, and memory output enable MOE. 
In power down mode, this signal is shut off from the internal logic and hence buffer memory 
access is inhibited. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where a permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC Electrical Characteristics. 

PARAMETER RATING 

Power Supply Voltage, VCC 7 

Ambient Temperature Oto 70 

Storage Temperature -65 to 150 

Power Dissipation 750 

Input, Output pins -0.5 to VCC+0.5 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

vcc Power Supply Voltage 

ICC Supply Current Operating 

ICCS Supply Current Note 1 

VIL Input Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage Schmitt triggered signals 

VIH Input High Voltage Schmitt triggered signals 

VOL Output Low Voltage Note 2 

VOL Output Low Voltage Note 3 

VOH Output High Voltage IOH = -400 µA 

IL Input Leakage Current 0 <VIN <VCC 

CIN Input Capacitance 

COUT Output Capacitance 

Note: (1) In powered down, sleep mode 
(2) All interface pins except Host Interface pins. IOL= 2mA. 
(3) Host Interface pins, 10L=24mA. 
(4) Schmitt triggered signals 

8-64 

MIN 

4.5 

-0.5 

2.0 

-0.5 

1.9 

-10 

UNIT 

v 
oc 
oc 

mW 

v 

NOM MAX UNITS 

5.5 v 
40 mA 

500 µA 

0.8 v 
vcc v 
+0.5 

0.9 v 
vcc v 
+0.5 

0.4 v 
0.5 v 
2.4 v 
10 µA 

10 pF 

10 pF 
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AC CHARACTERISTICS 

SSI 32C4651 
PC AT/XT Combo Disk 

Controller 26 Mbit/s 

The following timings assume that all non-Host Bus output pins will drive one Schottky TIL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TIL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V±10%, and an ambient temperature of 0°C to 70°C. 

Host OMA 8/16-Blt Interface Timing Parameters (Non-Demand Mode) 

PARAMETER CONDITIONS MIN 

DREQL OREO low from DACK low 

ROTA IOR low to HD [0:15] valid 

RDHLD IOR high to HD [0:15] invalid 0 

RDTRI IOR hight to HOB [0:15] 
tri-state 

WDS HD [0:15] setup to IOW high 30 

WOHLD HD [0:15] hold from IOW high 10 

RWPULSE IOR/IOW pulse width 60 

: ... ..... 
RW PULSE ROTRI 

HD[0:151 (read) 

HD!0:15! (write) 

WDS WOHLD 

NOM 

' .. . 

MAX 

80 

50 

40 

FIGURE 2: Host OMA 8/16-Blt Interface Timing (Non-Demand Mode) 
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ns 

ns 

ns 

ns 

ns 
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Host OMA 8/16-Bit Interface Timing Parameters {Demand Mode) 

PARAMETER CONDITIONS MIN NOM 

DREQL DREQ low from IOR /IOW low 

DMASET DACK low to IOR/IOW low 10 

DMAHLD DACK hold from IOR/IOW high 10 

RWH IOR/IOW high to IOR/IOW low 50 

RDATA IOR low to HD [0:15] valid 

RDHLD IOR high to HD [0:15) invalid 0 

RDTRI IOR high to HD [0:15] tri-state 

WDS HD [0:15] setup to IOW high 30 

WOHLD HD (0:15] hold from IOW high 10 

RWPULSE IOR/IOW pulse width 60 

' 
DREQ / ~ 

' 
·~ ..... : .... ....: DACK 

' I DREQL : ' DMAHLD ' 
~ ' 

' /I 
I 

' ..... .... : .... ... .... 
I 

DMASET RWPULSE ' RWH 
I 

IOR/OW 
I /. ~ 

MAX UNITS 

40 ns 

ns 

ns 

ns 

50 ns 

ns 

40 ns 

ns 

ns 

ns 

.... : 

'\_,_; --.... -------+j· .... -· I RDTRI 
HD[0:15] (read) 

WDS WOHLD 

FIGURE 3: Host OMA 8/16-Blt Interface Timing {Demand Mode) 
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SSI 32C4651 
PC AT/XT Combo Disk 

Controller 26 Mbit/s 

HOST Programmed 1/0 8-16-Blt Timing Parameters (Figure 4) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CS16L HCSO low, A0:2, A9 low, or 20 ns 
HCS1 high to IOCS16 low 

IOCHL IOR/IOW low to IOCHRDY 25 ns 
low 

IOCHrw· IOCHRDY pulse width 0 SxBCLK ns 

RDTA IOR low to HD[0:15] valid 50 ns 

RDHLD IOR high to HD[0:15] tri-state 0 40 ns 

WDS HD [0:15] setup to IOW high 30 ns 

WOHLD HD[0:15] hold from IOW high 10 ns 

RWPULSE IOR/IOW pulse width 60 ns 

AD RS ET HCSO, A0:2, A9/HCS1, 25 ns 
setup to IOR/IOW low 

ADRHLD HCSO, A0:2, A9/HCS1 hold, 10 ns 
from IOR/IOW high 

•Maximum specification applies when Auto Wait State Generation is disabled (Register 58H, Bit 2 is reset.) 

A0'2 A9 

:~ / ·~'~· ---------------~--

.... ...: ... 
' ADRSET 1 

RWPULSE 

I ,, /' 

IOCHL __.i 1 4 •' 
1 IOCHTW ' 

.I I 

.... • ... 1---------11 .. ~· 
• ADRHLD , 

H0[0:15] (read) 1 ' ' 

---------'-' ---~x==:~----------
H0[0:15] (write) 

14 .... ,._... 
ROTA • RDHLD 

x ' 
).( 

.... ...... ... . 
WDS ' WOHLD 

FIGURE 4: Host Programmed 8/16-Blt Timing 
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Mlcrocontroner Interface Timing Parameters (Figures 5, 6, and 7) 

PARAMETER CONDITIONS MIN 

Ta ALE Width 15 

Taw ALE J.. to WRITE J.. 15 

Tar ALE J.. to READ J.. 15 

Tw WR Width 110 

Tr RD Width 110 

As Address AD [0:7] 5 
valid to ALE J.. 

Ah ALE J.. to Address 15 
AD [0:7] invalid 

Cs ALE J.. to CS valid 

Ch RD i or WR i to CS J.. 0 

Wds Write Data AD [0:7] 25 
valid to WR i 

Wdh WR i to Write Data 10 
AD [0:7) invalid 

Tda RD J.. to Read Data 
AD [0:7) valid 

Tdh RD i to Read AD [0:7] 
float (undriven) 

Tdrdy ALE J.. and CS i to LADY J.. 
NOTE: J.. Indicates falling edge. i Indicates rising edge. 

ALE ~ 'i 
I 

Ta 

AD [O:ZJ IN 
"·'4 111>''4 .... 

As I Ah 

NOM MAX UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5 ns 

ns 

ns 

ns 

100 ns 

50 ns 

30 ns 

V I :\.. 

:-4 Wds Ill> :-4 Wdh IJll-,----
t • 

I 

cs 
,.____.. 

~-----------.------~ : Cs /, 
I I 

~, ___ _ 
I Ch I .... .... I 

~------------------....-----T-w----1111>~•, ----~ Wit Taw ... 

FIGURE 5: Register Write Timing 
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' Cs 

·~ ... 
:~ ... ~ 

Tar :~ 

SSI 32C4651 
PC AT/XT Combo Disk 

Controller 26 Mbit/s 

·~ ... 
I Tdh ' 

I ... 
Tda ' .. , 

Tr 

FIGURE 6: Register Read Timing 

: ....... : 
• Tdrdy ' 

FIGURE 7: Ready Timing 
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Disk Read/Write Timing Parameters (Figures 8, 9) 

PARAMETER CONDITIONS 

T RD/REF CLK Period 

T/2 RD/REF CLK High/Low Time 

Tr=Tf RD/REF CLK Rise and 
Fall time 

Os NAZ valid to RD/REF CLK t 

Oh RD/REF CLKtto NAZ invalid 

As* AMO valid to RD/REF CLK t 

Dv RD/REF CLKtto NAZ 

Wv* RD/REF CLKtto WAM 

NOTE: 4-lndicates falling edge. t Indicates rising edge. 

*These specifications are only applicable in the Soft Sector Mode. 

T 

MIN NOM MAX UNITS 

38 ns 

15 ns 

5 ns 

5 ns 

5 ns 

10 ns 

5 25 ns 

5 25 ns 

Tr 

~ :....._ 

~N~RZ~(rea-==~-----------.J,,(~~l-------·~· .. ..._ • .:~~------------
1 Os 1 Dh 1 

... .. 
I As I 

FIGURE 8: Disk Read Timing 

RD/REFCLK / '~----~Y. ' / ~---~. 

~ 
I 0v I 

' ... ... 
' Dv 

·~ ~NR_Z~Cwr~lt~~---------------.--_,/. 
WlJl :.. ... • ...... 
.=.::=------------------'''--Wv=-~·I 1 Wv I 

~--Y'~ 
NOTE: NAZ DATA changes after the rising edge of RD/REF CLK. 

FIGURE 9: Disk Write Timing 
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Register 70H Access Timing Parameters (Figures 10, 11) 

PARAMETER CONDITIONS 

To RD.a.to MOE.&. 

Tda 8D[0:7] valid to AD[0:7) valid 

Trh RDtto AD[0:7] invalid 

Toh RD tor WR tto MOE t 

Taw AD[0:7] valid to WE.&. 

Tao AD[0:7] valid to MOE.&. 

Tad AD[0:7) valid to 8D[0:7] valid 

Twwh WRttoWEt 

Twdh WR tto 8D[0:7] invalid 

NOTE:.&. Indicates falling edge. t Indicates rising edge. 

lm I 
I 

14 ~I I .. 
I To I I 

mE I I 

BOO: 

I 
ADCO:?! 

: ~ 
I 

_.I Tda ~--_.: 

Toh 

Trh 

SSI 32C4651 
PC AT/XT Combo Disk 

Controller 26 Mbit/s 

MIN NOM MAX UNITS 

40 ns 

55 ns 

50 ns 

40 ns 

55 ns 

55 ns 

55 ns 

40 ns 

50 ns 

I 
I 

~I 
I 
I 

) 
~ 

FIGURE 10: Register 70H Read Timing 
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ADO: 

I 

lm'E: 
~I 
I Tao I 
I 

WE: 

l+--+1 
I TM I 

I 

BDIO:?] out 

, .. 
I Tad 

1,. .,.1 
I Toh I 
I 
I 
I I 
I .. .. I 

Twwh 

: .. 
I Twdh 

.. < 
I 

FIGURE 11: Register 70H Write Timing 

Buffer Memory Read/Write Timing Parameters (Figure 12) 

PARAMETER CONDITIONS MIN 

Te BCLK Period 25 

Te/2 BCLK High/Low Time 10 

Ter=Tef BCLK Rise and Fall Time 

Av BCLK.a.to BA[0:15] valid 

Dov BD[0:7] valid to WE*t 1/2 BUFCLK 
Period-20 

Doh WEtto BD[0:7] invalid 5 

Mv BCLKtto MOE .a. 

Mh MOE tto Address Hold 5 

Wv BCLKtto WE.a. 

Wh WEtto Address Hold 5 

Dis BD[0:7] valid to MOE t 20 

Dih MOEtto BD[0:7] invalid 5 

Ba cc Buffer Access Period 1 BUFCLK 
Period 

Ww WE Low Time 112 BUFCLK 
Period 

Mw MOE Low Time 1/2 BUFCLK 
Period 

NOTE: .a. Indicates falling edge. t Indicates rising edge. 

..I 
I 

) 

NOM MAX UNITS 

ns 

ns 

5 ns 

80 ns 

ns 

ns 

30 ns 

30 ns 

30 ns 

30 ns 

ns 

ns 

• BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). The minimum Buffer Access Cycle 
(BUFCLK) is 100 ns. 
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MY I 
I 
I 
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I 
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I 
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... I 
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FIGURE 12: Buffer Memory Read/Write Timing 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

CAUTION: Use handling procedures necessary 
for a static sensitive ~nt. 

· - --BA1 
BA2 
BA3 
BM 

I 

Q)I BAS 

g. BAB 
't: I BA7 
Q) I BAii 
CI BA9 -, 
~· +SV 
01 BGND 
E• BGND 
Q) I 

BA10 ::2:1 
...... BA11 
Jg. BA12 
::JI BA13 

'°' BA14 
BA15 
BD7 
BD6 

... -- . 

Host Bus Interface ,- - -- - --- ... - ---- -- - ----- - ... -- - ----------. 
I O..,. t'\I ('I)..,. ~t I 

. 09~m~:a~~~~:grommmm~~mmmmm~ QOoG"' 

.SlzzoooooCJooooooooe,,oooooa: G';zzzz:• 
m--IIIIIIIIIIIIIIIIIIIII +----

Buffer Memory Interface Microcontroller Interface 

100-pln QFP 

Disk 
Interface 

m--· 
U7illR' 
OREO ~ 
lmllm'7:.@ 
m:!lll" I Jl:l 
A91Rl:Sf 1 _.!: 
A2 I (/) 

I ::J A1 

AO 
HINT 
LGND 
LGND 
~ 
BCLK- -

''° ·-· ~ I J: 

------- ... 
NRZ 1 Q) 

RRCLK 1 ~ g 
WG : .!!! 't: 
RG 1 0 Jl:l 
'RST I _.!: 
WJID'~ECTOR 1 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 

The SSI 32C9000 is a CMOS VLSI device which inte­
grates major portions of the hardware needed to build a 
PC AT driven hard disk drive. The SSI 32C9000 is one 
of the family of Silicon Systems' single chip disk 
controllers. The SSI 32C9000's place in the Silicon 
Systems' chip family is illustrated in the hierarchy chart 
in Figure 1. It provides most of the disk controller 
functional circuitry necessary to build an embedded AT­
disk drive. 
The SSI 32C9000 is capable of supporting interleaved 
data transfer rate up to 32 MbiVs. This chip represents 
a major reduction in part count when used with the SSI 
32P3010 Pulse Detector, the SSI 32D5373, the SSI 
32R2010 Read/Write device, and the SSI 32D4661 
Time Base Generator device, implementing a low power 
and cost efficient 5-chip set intelligent drive solution. 
The SSI 32C9000 includes a four port Buffer Manager, 
a storage controller, and a high performance AT host 
interface block that incorporates an extensive hardware 
support- including 24 mA drivers-forthe PC AT and 
other compatible interfaces. 
The SSI 32C9000 performs all the controller functions 
for the peripheral device, such as serialization/ 

SSI 32C9000 
PC AT Combo Disk 

Controller 32 Mbits/s 

1;11 M' ng rnt.i i hk" '·' ;1 
December 1991 

deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

FEATURES 

• PC AT Bus Interface 

Single chip PC AT Controller 

Direct bus Interface logic with on-chip 24 
mAdrlvers 
Logic for daisy chaining 2 embedded ATA 
drives 
Buffer transfer in single or burst mode OMA 
and PIO modes 
Automatic command decoding of write, 
write multiple, and format commands 
Supports ATA's Read Multiple and Write 
Multiple commands 
Supports Multl-Sectortransfers without mi­
croprocessor intervention 
Automatic updates of the host task file reg­
isters In multiple sector transfers 

(Continued) 

BLOCK DIAGRAM 

HCSO 
HCS1 

HOB (15:0) 

A (2:0) 

iOW,lOR 

JOCRm5'i' 

iOCSi6 
HINT 

DACK 

OREO 

HRESET 

VMC 

AD(7:0) 

MA (7:0) 

cs 
ALE/Miiiffil 

RD/DS 

WRIRiW 

l5iNi 

READY 

RSf 

1----------
11- - -HOsTINTERFACE- - ~ 1 BUFFER MANAGER 11 

HOST DATA BUS 
I HOST FIFO ----µP-D-AT_A_B-US ___ _.___ DATA 

16 BYTE ~--=-=:.:.;.;..::.::..::.... __ ---1..._..'"'1 MULTIPLEXER 1--.-----n BD (7:0) 

TASK FILE 

HOST 
CONTROL 

MICRO­
PROCESSOR 
INTERFACE 

,---------
1 DISKFORMATTER 

~H--1...i 

BUFFER 
ARBITRATOR 

BA16/l'iAS 

..._ _ __,~ I BA17/CAS 

,----'---,__,;_J __ ___.~ BA (15:0) 
,___...._ __ ___...., Wt: 

DRAM/SRAM Mill'. 
CONTROL MS 

SYSCLK 
RG 

SEQUENCER WG 

3~~s5 INPUT /OUTPUT 

L.,,::...~r--"'>-lr-----;::::::==::::::---~w INDEX 

DISK FIFO 
BBYTE 

SPLIT FIELD 
SUPPORT 

LOGIC 

--------------------------~ 

RRCLK 
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FEATURES (Continued) 

• Buffer Manager 

Three port buffer access OMA controller 
plus auto refresh 
Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers 
Total Buffer Memory throughput to 16 
MByte/s for SRAM and 13.3 MByte/s for 
DRAM in Page Mode 
Direct Buffer Memory addressing up to 256 
kB Static RAM or 1 MByte/s Dynamic RAM 
for various timings and sizes 
Buffer RAM segmentation with flexible seg­
ment sizes for 256 bytes to 1 MByte/s 
Auto-reload host address pointers and 
transfer counter 

• Storage Controller 

NRZ Data Rates to 32 MBit/s 
16-bit CRC on headers 
56-bit Computer Generated Error Correc­
tion Code on data with "on-the-fly" fast 
hardware assisted correction circuitry 
Multiple sector transfer support 
Supports sector level defect management 
Sector header or microprocessor based 
split data field processing logic 

Highly programmable advanced sequencer 
organized In 31 x 5 bytes 
8-byte stack for header Information storage 
8-byte disk FIFO 
Supports programmable sector lengths up 
to64Kbytes 
NRZ byte synchronization time out timer 
Three-Index counter providing sector l.D. 
search and retry limits 

• Microprocessor Interface 

Direct connection of mulltplexed or non­
mux'd bus microprocessors 
Zero wait state Internal register access by 
68HC11 at 12 MHz and 80C196 at 16 MHz 
Programmable wait state Insertion for 
faster microprocessors 
Low order address latched for direct 
EPROM connection 

• Others 
Internal power down mode 
Operational at ±1 Oo/o of 5V 
Available In 100-pin surface mount QFP 

32C260 15 Mbit/s NRZ, 
AT/XT Controller 

'----.-----' SH-260 Compatible 

26 Mbitis NAZ, 
AT/XT Controller 32C4650 32C4651 26 Mbit/s, NRl, 

AT/XT Controller 
'------' SH-266 Compatible 

32C263 
16 Mbit/s, NRl, 
3VOperation 

'------' SH-266 Compatible SH-265 Compatible '----..---' AT/XT Controller w/Rll 
2, 7 ENDEC, 24 Mbitis 

32C9000 

32 Mbit/s NRZ, 
AT Controller, 

56 BitECC 

32C9001 32C9301 32C9010 32C9020 32C9022 

48 Mbitis NRZ, AT 30 Mbit/s NRZ, AT 32 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 48 Mbitis NRZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 

3V Operation Dual Bit NRZ 

FIGURE 1: Silicon Systems' Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 

The SSI 32C9000 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 
poll on the status registers. Access to the control store 

PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 

(l/S) denotes a Schmitt trigger input 
(0) denotes an output 

(1/0) denotes a bidirectional signal 
(Z) denotes a tri-state output 

(OD) denotes an open drain output 

SSI 32C9000 
PC AT Combo Disk 

Controller 32 Mbits/s 

and registers is accomplished through the micropro­
cessor interface which is optimized for eight-bit, 
mulitplexed address/data or non-multiplexed proces­
sors such as the Intel 80C196 or Motorola 68HC11. 
For a complete description of the programmable 
registers, refer to the SSI 32C9000 Design Gulde. 

The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and assisting the local mi­
croprocessor in correction of the data stream; and CRC 
generation and checking on the header stream. It also 
has the flexibility of defect management and recovery. 
The contention between the host, the disk request, 
refresh, and microprocessor requests for buffer RAM 
access is internally arbitrated and resolved. 

Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a slash 
between the two signals - A9/HCS1. 

GENERAL 

NAME TYPE DESCRIPTION 
VDD POWER SUPPLY PIN VCC 
GND GROUND 

HOST INTERFACE 

A0:2 I HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

A9/HCS1 I HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 48H bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as active low HCS1, this input is 
_ignored when DACK is asserted. 

HCSO I HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This active low input is ignored when DACK is asserted. 

IOCS16 OD 16-BIT DATA TRANSFER. An open drain active low output that indicates that a 16-bit 
buffer transfer is active. 

HINT 0 HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 

IOCHRDY O,Z 1/0 CHANNEL READY. Active low, this signal is asserted whenever the internal host FIFO 
is not ready to transfer data. 
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PIN DESCRIPTION (Continued) 

HOST INTERFACE (Continued) 

NAME TYPE DESCRIPTION 
OREO O,Z OMA REQUEST. The active high OMA Request signal is used during OMA transfer 

between the Host and the 32C9000. 
DACK I OMA ACKNOWLEDGE. This active low signal is used during OMA to complete the OMA 

handshake for data transfer between the host and the controller. 
iOR I INPUT READ SELECT. This pin is asserted by the Host during a Host read operation. 

When asserted with RCSO, HCS1 , or DACK, data from the device is enabled onto the host 
data bus. 

IOW I INPUT WRITE SELECT. Asserted active low by the HOST during a HOSTwrite operation. 
When asserted with RCSO, HCS1, or DACK, data from the host data bus is strobed into 
the device. 

HR ES ET l/S HOST RESET. This active high signal stops all commands in progress and initializes the 
control/status registers - see Design Guide for Register Reset conditions. This signal 
can also ''wake up" the device while it is in power down mode. 

HOB 1/0 HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
(15:0) and the Host; bits (7:0) are used for status, commands, or ECC byte transfers. 

DISK INTERFACE 

INDEX I INDEX. This input is a pulse that occurs once per revolution and defines the start of sector 0. 
INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
OUTPUT (input) pin configured by the Output Enable Bit of Register 71 H, bit 7. At power-on, this 

pin is an input. As an input, it can be used to synchronize the disk sequencerto an external 
event. As an output, it is controlled by bit 2 of the Control Field of the disk sequencer. 

WAM/AMD 1/0 WRITE ADDRESS MARK/ADDRESS MARK DETECT/SECTOR. This pin is configured 
SECTOR to operate in Hard or Soft Sector mode by initializing the Disk Formatter Mode Control 

Register: 4FH, bit 1. In the hard sector mode it is used as the sector input - a pulse on 
this pin indicates a sector mark is found. 
In the soft sector mode, an active low output is asserted when formatting to allow writing 
of address mark. When reading, an active low input indicates an address mark was 
detected. The device _.E!.owers UJ!. in soft sector mode. 

RG 0 READ GATE. This active high output enables the reading of the disk. It is asserted at the 
beginning of the PLO for header and data field by the sequencer - sequencer Control 
Field bits 5 and 6. It is automatically deasserted at the end of the CRC or ECC. 

WG 0 WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 6. 

RRCLK l/S READ/REFERENCE CLOCK. This pin is used in conjunction with the NAZ pin to clock 
data in and out of the SSI 32C9000 device. This input must be glitch-free to ensure correct 
operation of the chip. 

NRZ 1/0 NON RETURN TO ZERO. This signal is the serial read data inputfromthe disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 
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SSI 32C9000 
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MICROPROCESSOR INTERFACE 

NAME TYPE DESCRIPTION 

RST I RESET. An active low asserted input generates a component reset that holds the internal 
registers of the SSI 32C9000 at reset, stops all operations within the chip, and deasserts 
all output signals. All input/output signals and Host outputs are set to the high-Z state. 

ALE/M/NM I ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the microprocessor interface is configured as non-
multiplexed. When driven low, then the microprocessor interface is configured as multi-
plexed. In this case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demultiplexed address outputs. 

cs I CHIP SELECT. This signal must be asserted high for all microprocessor accesses to the 
registers of this chip. 

WR/R/W I WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low signal is 
present with CS signal high, the data on the AD0:7 is written to the internal registers. 
In the Motorola bus mode, this signal acts as the R/W signal. A high on this input 
along with the RD/DS signal high and the CS signal asserted high indicates a read 
operation. A low on this input along with the RD/DS signal asserted high and the CS 
signal asserted high indicates a write operation. See table below. 

I/MC cs WR/R/W RD/DS Action Intel/Mote 

High High Low High Write to internal registers. I 
High High High Low Read from internal registers. I 
Low High Low High Write to internal registers. M 
Low High High High Read from internal registers. M 
x Low x x No action. I orM 

Note: X denotes don't care. 

RD/DS I READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 
present with CS signal high, internal registers will be accessed. 
In the Motorola mode, this signal acts as the DS signal. A high on the DS, R/W, and the 
CS signals, indicates a read operation. A low on the R/W signal, highs on both the DS and 
the CS, indicates a write operation to the internal registers. 

DINT O,OD, INTERRUPT. An active low signal indicates the controller is requesting microprocessor 
z service. This signal is programmable for either a push-pull with an internal pull up resistor 

or open-drain output circuit. This signal powers up in the high-Z state. Disk Formatter 
Mode Control Register, 4FH: bit 3 set high, programs this pin as a push-pull, and when 
set low programs it as an open drain output signal. 

AD7:0 1/0 ADDRESS/DATA BUS. When configured in the multiplexed mode, these lines are multi-
plexed, bidirectional address and data path to the microprocessor. During the beginning of 
thememorycyclethebuscapturestheloworclerbyteofthemicroprocessoraddress. These 
lines provide communication with the controller device's internal registers and the buffer 
memory. 
When configured in the non-multiplexed mode, these lines are bidirectional data lines. 

MA(7:0) 1/0 MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) bus latched by 
the ALE pin during the low order address phase of a multiplexed microprocessor. These 
signals are non-multiplexed address input when used with a non-multiplexed bus micropro-
cessor. 
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PIN DESCRIPTION (Continued) 

MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 
READY 0 READY: When this signal is deasserted low, the microprocessor inserts wait states to 

allow time for the chip to respond to the access. Wait states are programmed by Buffer 
Mode Control Register - 53H: bits 7-6. 

I/MC I INTEUMOTOROLA: This signal selects the microprocessor interface to be used. When 
this signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal 
pull-up to allow the default selection of the Intel bus control interface. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the dynamic memory or static memory chips used to implement the buffer memory. 

BA16/RAS 0 BUFFER MEMORY ADDRESS 16: In SRAM mode, this pin generates the adcjress:A 16 for 
direct connection to a Static RAM address line 16. 

BUFFER ROW ADDRESS STROBE: This active low output signal is generated to strobe 
the row address into the dynamic RAMs. It is intended to be directly tied to the RAM 's input 
controlj>in. 

BA17t'eAS 0 BUFFER MEMORY ADDRESS 17: In SRAM mode, this pin generates the address:A 17for 
direct connection to a Static RAM address line 17. 

COLUMN ADDRESS STROBE: This active low output signal is generated to strobe the 
column address into the dynamic RAM devices. 

BD0:7 110 BUFFER MEMORY DAT A BUS. 7 through 0. This bidirectional Data Bus connects directly 
to the buffer memory. 

MOE 0 MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto the 
data bus by the dynamic RAM's or to indicate when every buffer memory access is active 
in SRAM mode. 

WE 0 WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs from 
the Data bus. For both buffer memory applications, this line is tied directly to the SAAM or 
DRAM control pin. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address lines, write enable WE, and memory output enable MOE. In 
power down mode, this signal is shut off from the internal logic and hence buffer memory 
access is inhibited. 

MS 0 MEMORY SELECT. This signal is asserted low when there is a read or write access to the 
buffer SRAM. This signal is used to deselect the buffer RAM when not in use so that power 
can be saved. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

55132C9000 
PC AT Combo Disk 

Controller 32 Mbits/s 

Maximum limits indicate where a permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 

PARAMETER RATING UNIT 

Power Supply Voltage, VCC 7 v 
Ambient Temperature Oto 70 oc 
Storage Temperature -65 to 150 oc 
Power Dissipation 750 mW 

Input, Output pins -0.5 to VCC+0.5 v 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

vcc Power Supply Voltage 4.5 5.5 v 
ICC Supply Current Operating 40 mA 

ICCS Supply Current Note 1 500 µA 

VIL Input Low Voltage Note 2 -0.5 0.8 v 
~--

VIH Input High Voltage Note 2 2.0 vcc +0.5 v 
VIL Input Low Voltage Note 3 -0.5 0.9 v 
VIH Input High Voltage Note 3 1.9 vcc +0.5 v 
VOL Output Low Voltage Note 4 0.4 v 

~----

VOL Output Low Voltage Note 5 0.5 v 
VOH Output High Voltage IOH = -400 µA 2.4 v 
IL Input Leakage Current 0 <VIN< VCC -10 10 µA 

CIN Input Capacitance 10 pF 
t---------

COUT Output Capacitance 10 pF 

Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK internally 
inhibited. 

(2) All interface signals except Schmitt inputs. 
(3) Schmitt triggered signals only. 
(4) All interface pins except Host Interface pins. IOL= 2mA. 
(5) Host Interface pins, 10L=24mA. 

AC ELECTRICAL CHARACTERISTICS 

The following timing assume that all non-Host Bus output pins drive one Schottky TTL load in parallel with 50 
pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V ± 10% and an ambient temperature of 0°C to 
70°C. 
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DESCRIPTION 

The SSI 32C9001 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PC AT driven hard disk controller. The SSI 
32C9001 is one of the family of Silicon Systems' single 
chip disk controllers. The SSI 32C9001 's place in the 
Silicon Systems' chip family is illustrated in the hierar­
chy chart in Figure 1. It provides most of the functional 
circuitry necessary to build an "AT A" embedded disk. 

The SSI 32C9001 is capable of supporting interleaved 
data transfer rate up to 48 MbiVs. This chip represents 
a major reduction in part count when used with the SSI 
32P3000 Pulse Detector and Filter combo, the SSI 
32R2010 Read/Write device, SSI 32D5391 Data 
Separator, and the SSI 32H4631 Servo and Motor 
Speed Controller device, implementing a low power 
and cost efficient 5-chip set Multiplexed Microproces­
sors drive solution for 48 Mbit/s applications. 

(Continued) 

SSI 32C9001 
PC-AT Combo Controller 

With Reed Solomon, 48 Mbit/s 
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FEATURES 

• PC AT Bus Interface 
Single Chip PC AT Controller 
Direct bus Interface loglc wHh on-chip 
24 mA drivers 
Logic for daisy chaining 2 embedded 
ATAdrlves 
Supports 48 Mblt/s concurrent disk trans­
fer on a 6 M words/s PC-AT In PIO or single 
or EISA compatible burst OMA mode -
type B 
Automatic command decoding of wrHe, 
write multiple, and format commands. 
Automatic updates of the host task file 
registers In multiple sector transfers 

• Buffer Manager 

Supports Buffer Memory throughput to 20 
Mbytes/s SRAM or 17.2 Mbytes/s DRAM 
Direct Buffer Memory addressing up to 
256 kB Static RAM or 1 MB Dynamic RAM 
for various timings and sizes 

(Continued) 
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SSI 32C9001 
PC-AT Combo Controller 
With Reed Solomon, 48 Mbit/s 

DESCRIPTION (continued) 

The SSI 32C9001 includes a dual port Buffer Manager, 
a storage controller, and a high performance AT host 
interface block that incorporates an extensive hard­
ware support- including 24 mA drivers - for the PC 
AT and other compatible interfaces. 

The SSI 32C9001 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

FEATURES (continued) 

• Buffer Manager (continued) 
Buffer RAM segmentation with flexible 
segment sizes from 256 bytes to 1 Mbyte/s 
Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers 

• Storage Controller 

NRZ Data Rates up to 48 Mbit/s 
Selectable 16-bit CRC or 88 bit ECC poly­
nomial with "on-the-fly" fast hardware cor­
rection circuitry 
Multiple sector transfer support wHhout 
microprocessor lnteiventlon 
Highly programmable Advanced se­
quencer organized In 31 x 5 bytes 
Support sector level defect management 
Sector header or microprocessor based 
split data field processing logic 

• Microprocessor Interface 

Supports both multiplexed and non-multi­
plexed microprocessor support 
Separate host and disk Interrupts 

• Others 

Internal power down mode 
Operational at ±10% of 5V 
Available In 100-pin surface mount QFP 

32C260 15 Mbi!/s NAZ. · 
AT/XT Controller 

L--~--' SH-260 Compatible 

26 Mbi!/s NAZ, 
AT/XT Controller 32C4650 32C4651 26 Mbi!/s, NRZ, 

ATIXT Controller 
'---~ SH-266 Compatible 

32C263 16 Mbi!/s, NRZ, 
3V Operation 

SH-265 Compatible '---~--' AT/XT Controller w/RLL 
2, 7 ENDEC, 24 Mbi!/s 

...._ _ ___. SH-266 Compatible 

32C9000 

32 Mbit/s NAZ. 
AT Controller, 

56BitECC 

32C9001 32C9301 32C9010 32C9020 32C9022 

48 Mbi!/s NAZ, AT 30 Mbi!/s NRZ. AT 32 Mbit/s NAZ, SCSI 48 Mbi!/s NAZ, SCSI 48 Mbi!/s NAZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 

3V Operation Dual Bit NAZ 

FIGURE 1: Siiicon Systems' Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 

Buffer Memory Interface 

Disk Formatter 

Host Interface 

The SSI 32C9001 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 

PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(l/S) denotes a Schmitt trigger input 
(0) denotes an output 
(1/0) denotes a bidirectional signal 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 

SSI 32C9001 
PC-AT Combo Controller 

With Reed Solomon, 48 Mbit/s 

poll on the status registers. Access to the control store 
and registers is accomplished through the micropro­
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors such as Intel's 
80C196 or non-multiplexed microprocessors - such 
as Motorola's 68HC11. For a complete description 
of the programmable registers, refer to the SSI 
32C9001 Design Guide. 

The device performs all the controller functions for the 
peripheral device, such as serialization/ 
deserialization; ECC generation, checking, and cor­
rection assistance; and CRC generation and checking 
on the header stream. It also has the flexibility of defect 
management and recovery. The contention between 
the host, disk, microprocessor, and refresh requests 
for buffer RAM access is internally arbitrated and 
resolved. 

Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a 
slash between the two signals - A9/HCS1. 

GENERAL 

NAME TYPE DESCRIPTION 

VDD POWER SUPPLY PIN, VCC 

GND GROUND 

HOST INTERFACE 

A0:2 I HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

A9/HCS1 I HOST ADDRESS LINE 9/HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 48H-bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as active low HCS1, this input is ignored 
when DACK is asserted. 

HCSO I HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This active low input is ignored when DACK is asserted. 

IOCS16 OD 16 BIT DATA TRANSFER. An open drain active low output that indicates that a 16-bit 
buffer transfer is active. 

HINT 0 HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 

attention. 
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SSI 32C9001 
PC-AT Combo Controller 
With Reed Solomon, 48 Mbit/s 

PIN DESCRIPTION (Continued) 

HOST INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

IOCHRDY O,Z 1/0 CHANNEL READY. Active low, this signal is asserted whenever the internal host 
FIFO is not ready to transfer data. 

DREQ O,Z OMA REQUEST. The active high OMA Request signal is used during OMA transfer 
between the Host and the SSI 32C9001. 

DACK I OMA ACKNOWLEDGE. This active low signal is used during OMA to complete the OMA 
handshake for data transfer between the host and the controller. 

IOR I INPUT READ SELECT. This active low pin is asserted by the Host during a Host read 
operation. When asserted with HCSO, HCS1, or DACK, data from the device is enabled 
onto the host data bus. 

IOW I INPUTWRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO, HCS1, or DACK, data from the host data bus is strobed into 
the device. 

HR ES ET l/S HOST RESET. This active high signal stops all commands in progress and initializes the 
control/status registers-see Design Guide for Register Reset conditions. This signal can 
also ''wake up" the device while it is in power down mode. 

HOB 1/0 HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
(15:0) and the Host; bits (7:0) are used for status, commands, or ECC byte transfers. 

DISK INTERFACE 

INDEX I INDEX. This input is a pulse that occurs once per revolution and defines the start of 
sector 0. 

INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Register 71 H, bit 7. 

OUTPUT At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 

WAM/ 110 WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 
AMO/ to operate in Hard or Soft Sector mode by initializing the Disk Formatter Mode Control 
SECTOR Register: 4FH, bit 1. In the hard sector mode it is used as the sector input - a pulse on 

this pin indicates a sector mark is found. 

In the soft sector mode, an active low output is asserted when formatting to allow writing 
of address mark. When reading, an active low input indicates an address mark was 
detected. The device powers up in soft sector mode. 

RG 0 READ GATE. This active high output enables the reading of the disk. It is asserted at the 
beginning of the PLO for header and data field by the sequencer - sequencer Control 
Field bits 5 and 6. It is automatically deasserted at the end of the CRC or ECC. 

WG 0 WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 6. 
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SSI 32C9001 
PC-AT Combo Controller 

With Reed Solomon, 48 Mbit/s 

DISK INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

RRCLK l/S READ/REFERENCE CLOCK. This pin is used in conjunction with the NAZ pin to clock 
data in and out of the SSI 32C9001 device. This input must be glitch-free to ensure correct 
operation of the chip. 

NAZ 1/0 NON RETURN TO ZERO. This signal is the serial read data inputfrom the disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 

MICROPROCESSOR INTERFACE 

AST I RESET. An asserted active low input generates a component resetthat holds the internal 
registers of the SSI 32C9001 at reset, stops all operations within the chip, and de asserts 
all output signals. All input/output signals and Host outputs are set to the high-Z state. 

ALE/M/NM I ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SE-
LECT. When tied high or left floating after reset, the microprocessor interface is configured 
as non-multiplexed. When driven low, then the microprocessor interface is configured as 
multiplexed. In this case this pin functions as the address latch enable, and the MA(7:0) 
pins are the demultiplexed address outputs. 

cs I CHIP SELECT. This signal must be asserted high for all microprocessor accesses to the 
registers of this chip. 

WR/R/W I WRITE STROBE/READ/WRITE. In the Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal asserted high, the data on the ADO:? is written 
to the internal registers. 

In the Non-Multiplexed Microprocessors bus mode, this signal acts as the R/W signal. A 
high on this input along with the RD/DS signal high and the CS signal asserted high 
indicates a read operation. A low on this input along with the RD/DS signal asserted and 
the CS signal asserted high indicates a write operation. See table below. 

I/MC cs WR/R/W RD/DS Action Mux/Non-Mux 

High High Low High Write to internal registers. M 
High High High Low Read from internal registers. M 
Low High Low High Write to internal registers. N 
Low High High High Read from internal registers. N 
x Low x x No action. MorN 

Note: X denotes don't care. 

RD/DS I READ STROBE/DATA STROBE. In the Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal high, internal registers will be accessed. 

In the Non-Multiplexed Microprocessors mode, this signal acts as the DS signal. A high 
on the DS, R/W, and the CS signals, indicates a read operation. A low on the R/W signal, 
highs on both the DS and the CS, indicates a write operation to the internal registers. 

DINT 0,0D, INTERRUPT. An active low signal indicates the controller is requesting microprocessor 
z service from the disk side. This signal is programmable for either a push-pull with an 

internal pull up resistor or open-drain output circuit. This signal powers up in the high-Z 
state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, programs this pin as a 
push-pull, and when set low programs it as an open drain output signal. 
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MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 
AD7:0 1/0 ADDRESS/DATA BUS. When configured in the Multiplexed Microprocessors mode, 

these lines are multiplexed, bidirectional data path to the microprocessor. During the 
beginning of the memory cycle the bus captures the low order byte of the microprocessor 
address. These lines provide communication with the controller device's internal registers 
and the buffer memory. 

When configured in the Non-Multiplexed Microprocessors mode, these lines are bidirec-
tional data lines. 

MA(7:0) 1/0 MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) bus latched 
by the ALE pin during the low order address phase of an Multiplexed Microprocessors type 
microprocessor cycle. These signals are nonrnultiplexed address input when used with a 
non-multiplexed bus microprocessor - Non-Multiplexed Microprocessors interface. 

READY/ 0 READY: When this signal is deasserted low, the microprocessor inserts wait states to 
AINT allow time for the chip to respond to the access. Wait states are programmed by Buffer 

Mode Control Register - 53H: bits 7-6. 

AINT O,OD, AT BUS INTERRUPT. An active low signal indicates the controller is requesting micro-
z processor service from the AT host bus side. This signal is programmable for either a 

push-pu II with an internal pull up resistor or open-drain output circuit. This signal powers 
up in the high-Z state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, 
programs this pin as a push-pull, and when set low programs it as an open drain output 
signal. 

I/MC I INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. When 
this signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal 
pull-up to allow the default selection of the Intel bus control interface. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the dynamic memory or static memory chips used to implement the buffer memory. 

BA16/RAS 0 BUFFER MEMORY ADDRESS 16: In SAAM mode, this pin generates the address:A16 
for direct connection to a Static RAM address line 16. 

BUFFER ROW ADDRESS STROBE: This active low output signal is generated to strobe 
the row - high order - address into the dynamic RAMs. It is intended to be directly tied 
to the RAMs input control pin. 

BA17/CAS 0 BUFFER MEMORY ADDRESS 17: In SAAM mode, this pin generates the address:A17 
for direct connection to a Static RAM address line 17. 

COLUMN ADDRESS STROBE: This output signal is generated to strobe the column -
low order address - into the dynamic RAM devices. 

BD0:7 1/0 BUFFER MEMORY DAT A BUS. 7through 0. The bidirectional Data Bus connects directly 
to the buffer memory. This bus is designed for high speed data transfer. 

BOP 1/0 BUFFER MEMORY DAT A PARITY. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory. 
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BUFFER MANAGER INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

MOE 0 MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 

1291 - rev. 

the data bus by the dynamic RAMs or to indicate when every buffer memory access is 
active in SRAM mode. 

-- ·--- -~" 

WE 0 WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
from the Data bus. For both buffer memory applications, this line is tied directly to the 
SRAM or DRAM control pin. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including 
the generation of memory address lines, write enable WE, and memory output enable 
MOE. In power down mode, this signal is shut off from the internal logic and hence buffer 
memory access is inhibited. 

MS 0 Memory selected, asserted active low. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 

PARAMETER RATING UNIT 

Power Supply Voltage, VCC 7 v 
Ambient Temperature Oto 70 oc 
Storage Temperature -65 to 150 oc 
Power Dissipation 220 mW 

Input, Output pins -0.5 to VCC+0.5 v 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VCC Power Supply Voltage 4.5 5.5 

ICC Supply Current 40 

ICCS Supply Current Note 1 5 

VIL Input Low Voltage -0.5 0.8 

VIH Input High Voltage 2.0 jvCC+0.5 

VOL Output Low Voltage Note 2 0.4 

VOL Output Low Voltage Note 3 0.5 

VOH Output High Voltage IOH = -400 µA 2.4 

IL Input Leakage Current O < VIN < VCC -10 10 

CIN Input Capacitance 10 

COUT Output Capacitance 10 

Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK 
internally inhibited. 

(2) All interface pins except Host Interface pins. IOL= 2mA. 
(3) Host Interface pins, 10L=24mA. 
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SSI 32C9010 
SCSI Combo Controller 

32 Mbit/s; single bit NRZ interface 

DESCRIPTION 

The SSI 32C9010 is a CMOS VLSI device which inte­
grates major portions of the hardware needed to build a 
SCSI driven hard disk drive. The SSI 32C9010 is one of 
the family of Silicon Systems' single chip disk control­
lers. The SSI 32C901 O's place in the Silicon Systems' 
chip family is illustrated in the hierarchy chart in Figure 
1. It provides most of the disk controller functional 
circuitry necessary to build an embedded SCSI-disk 
drive. 
The SSI 32C901 O is capable of supporting interleaved 
data transfer rate up to 32 Mbit/s. This chip represents 
a major reduction in part count when used with the SSI 
32P3000 Pulse Detector, the SSI 32D537, the SSI 
32A2010 Read/Write device, and the SSI 32H4631 
Servo and Motor Speed Controller device, implement­
ing a low power and cost efficient 5-chip set 32 Mbit 
intelligent drive solution. 
The SSI 32C9010 includes a four port Buffer Manager, 
a storage controller and an extensive hardware support, 
including 48 mA drivers, for the SCSI and other compat­
ible interfaces. 
The SSI 32C901 O performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

rm ff 1 n41 mt.] i; ·6" [.] '' 
December 1991 

FEATURES 

• SCSI Bus Interface 
ANSI X3.131-1990 Rev 10C SCSl-2 specifi­
cation for target devices 
Direct bus Interface loglc with on-chip 
48 mA drivers 
Synchronous transfer rates up to 
10 Mbyte/s; 5 Mbyte/s asynchronous 
Parity generation and checking 
High level SCSI sequences without micro­
processor Intervention 
4-byte Command FIFO supports execution 
of multiple commands 
Supports SCSl-2 tagged queuing 
SCSI COB Group COdes decoded 
"on-the-fly" 
Sixteen-byte data FIFO between the OMA 
and SCSI channel 
SCSI autodlsconnect and reconnect opera­
tion supported 

(Continued) 
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SSI 32C9010 
SCSI Combo Controller 
32 Mbit/s; single bit NRZ interface 

FEATURES (Continued) 

• Buffer Manager 

Buffer Memory throughput to 20 MByte/s 
for SRAM and 17.2 MByte/s for DRAM In 
Page Mode 
Up to 256 kB Static RAM or 1 MB Dynamic 
RAM support 
Buffer RAM segmentation with flexible seg· 
ment sizes for 256 bytes to 1 MBytes 
Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers 
Internal buffer protection circuit provides 
buffer lntegrtty 

• Storage Controller 
NRZDataRatesto32Mblt/S··SlnglebHNRZ 
Interface to the Data Separator 
88-bit Reed Solomon with ''on-the-fly" fast 
hardware correction clrcuttry 
Capable of correcting four 10-blt symbols 
In error 

Guarameed to correct one 31 ·bit burst or 
two 11-btt bursts 
Hardware on-the-fly correction selectable 
between 11 or 31·bit single burst error 
wtthln a quarter sector time 
Detects up to 51·blt burst or three 11·blt 
burst 
Multiple Sector transfer support 
Sector header or microprocessor based 
spltt data fleld processing loglc 
Advanced sequencer organized in 31 x 5 
bytes 

• Microprocessor Interface 
Supports both Muttlplexed or Non-multl· 
plexed family of microprocessors 
Separate disk and host Interrupts 

• Others 
Internal power down mode 
Available In 100-pln QFP 

32C260 15 Mbit/s NAZ. 
ATIXT Controller 

~~- SH-260Compatible 

26 Mbit/s NAZ, 
ATIXT Controller 32C4650 

SH-265 Compatible '------.---' 

32C9000 32C9001 

ATIXT Controller w/RLL 
2, 7 ENDEC, 24 Mbitls 

32C9301 

32C4651 26 Mbitls, NRz. 
ATIXT Controller 

'-------' SH-266 Compatible 

32C9010 32C9020 32C9022 

32 Mbitls NAZ, 
AT Controller, 

56BitECC 

48 Mbitls NAZ. AT 30 Mbitls NAZ. AT 32 Mbitls NAZ, SCSI 48 Mbitls NAZ, SCSI 48 Mbitls NAZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 

3V Operation Dual Bit NAZ 

FIGURE 1: Silicon Systems' Disk Controller Chip Hierarchy 
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SSI 32C9010 
SCSI Combo Controller 

32 Mbit/s; single bit NRZ interface 

FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 

The SSI 32C901 O includes a control sequencer with a 
writeable control store, buffer RAM controller capable of 
interleaved address generation, direct SCSI bus con­
nections, and configuration/status registers which can 
be programmed by an external microcontroller. The 
internal hardware also supports automatic looping of the 
sequencer program, and the interrupt circuitry relieves 
the supervising microprocessor of having to poll on the 

PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(0) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 

GENERAL 

NAME TYPE DESCRIPTION 
VDD POWER SUPPLY PIN VCC 
GND GROUND 

HOST INTERFACE 

status registers. Access to the control store and regis­
ters is accomplished through the microprocessor inter­
face which is optimized for eight-bit, mulitplexed ad­
dress/data or non-multiplexed processors such as the 
Intel 80C196 or Motorola 68HC11. For a complete 
description of the programmable registers, referto 
the SSI 32C9010/9020 Design Gulde. 

The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction on the data 
stream; and CRC generation and checking on the 
header stream. It also has the flexibility of defect man­
agement and recovery. The contention between the 
host request and the disk request for buffer RAM access 
is internally arbitrated and resolved utilizing data FIFOs. 

SDBP 110 SCSI DATA BUS PARITY. Odd parity bit for the SCSI data bus. 

SDB?-0 110 SCSI DATA BUS BITS 7-0. 
ATN I ATTENTION. This active low signal is used by the initiator to request a message out phase 
BSY 110 BUSY. This active low signal is used to indicate when the bus is active. 
ACK I ACKNOWLEDGE. This active low signal is used in the handshake protocol to indicate the 

completion of a data byte transfer. 

SRST I SCSI RESET. This active low signal is used to reset the SCSI controller. 
MSG 0 MESSAGE. This active low signal is used to indicate a message phase. 

SEL 110 SELECT. This active low signal is used to indicate either a selection or reselection phase. 

CID 0 COMMAND/DATA. This signal is used to indicate either a command or data phase. 
REQ I REQUEST. This active low signal is used in the handshake protocol to initiate a data byte 

transfer. 

iio I INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 
PAR EN I SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 

SCSI data bus. Parity checking is disabled when this pin is held low. 
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SSI 32C9010 
SCSI Combo Controller 
32 Mbit/s; single bit NRZ interface 

PIN DESCRIPTION (Continued) 

DISK INTERFACE 

NAME TYPE DESCRIPTION 
GPIO 0-2 I INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The 

pins can be programmed as outputs for test purposes only. 

INDEX I INDEX. Input for index pulse received from the drive. 

INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status (input) 
OUTPUT pin configured by the Output Enable Bit of Register 71 H, bit 7. 

At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field of 
the disk sequencer. 

WAM/AMD/ 1/0 WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is used in the 
SECTOR hard sector mode as the sector input. A pulse on this pin indicates a sector mark is found. 

In the soft sector mode, a low level output is asserted during write gate to indicate writing 
of address mark. During read, a low-level input indicates an address mark was detected. 
The device powers up in soft sector default mode. 

RG 0 READ GATE. During disk data read, this pin is asserted. Active high. 

WG 0 WRITE GATE. During disk data write, this pin is asserted. Active high. 

RRCLK I READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock data 
in and out of the SSI 32C901 O device. 

NRZ 1/0 NON RETURN TO ZERO. This signal is the read data input from the disk drive when the 
read gate signal is asserted; it is the write data output to the disk drive when the write gate 
signal is asserted. 

MICROPROCESSOR INTERFACE 

RST I RESET. An asserted low input generates a component resetthat holds the internal registers 
of the SSI 32C901 O at reset, stops all operations within the chip, and deasserts all output 
signals. All inpuUoutput signals are set to the high-Z state during this signal. 

ALE/M/NM I ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the microprocessor inter1ace is configured as non-
multiplexed. When driven low, then the microprocessor interface is configured as multi-
plexed. In this case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demultiplexed address outputs. 

cs I CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C9010 
can be accessed. 

WR/R/W I WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low signalis present 
with CS signal high, the data is written to the internal registers. 

In the Motorola bus mode, this signal acts as the R/W signal. 

RD/DS I READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 
present with CS signal high, internal register data is read. 

In the Motorola mode, this signal acts as the DS signal. DS when active high is data strobe. 
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SSI 32C9010 
SCSI Combo Controller 

32 Mbit/s; single bit NRZ interface 

MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

DINT 0, OD,Z DISK INTERRUPT. An active low signal indicates the controller is requesting microproces-
sor service from the disk side. This signal is programmable for either a push-pull or open-
drain output circuit. This signal powers up in the high-Z state. Register 4F bit 3 when set 
to one enables the pull-up. This signal is also programmable to be either an active high or 
low interrupt. 

SINT O,OD,Z SCSI INTERRUPT. This signal is generated by the SCSI controller and is an interrupt line 
to the microprocessor. It is programmable for either a push-pull or open drain output circuit. 
This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
Register. Register 4F bit 7 enables the pull-up. 

AD7:0 1/0 ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 

When configured in the Motorola mode, these lines are bidrectional data lines. 

MA(7:0) 1/0 MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed address input or 
latched address output lines. 

READY 0 READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow time for the chip to respond to the access. 

I/MC I INTEUMOTOROLA: This signal selects the microprocessorinterfaceto be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull-
up to allow the default selection of the Intel bus control interface. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES 0:15. Active high, for direct connection to a Static 
or Dynamic RAM address lines 0:15. 

BA16/RAS 0 BUFFER MEMORY ADDRESS 16: In SAAM mode, for direct connection to a Static RAM 
address line 16. 

ROW ADDRESS STROBE: In DRAM mode, direct connection to a Dynamic RAM Row 
Address Strobe signal. 

BA17/CAS 0 BUFFER MEMORY ADDRESS 17: In SAAM mode, for direct connection to a Static RAM 
address line 17. 

ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic 
RAM Column Address Strobe signal. 

BD0:7 1/0 BUFFER MEMORY DATA BUS. 7 through 0. Buffer data bus that connects directly to the 
buffer RAM data lines. 

BOP 1/0 BUFFER MEMORY DATA PARITY. This signal provides odd parityforthe buffer memory 
data bus during transfers to/from the buffer memory to the buffer RAM. 

MOE 0 MEMORY OUTPUT ENABLE. This signal is asserted low only for buffer memory read 
operations. 

WE 0 WRITE ENABLE. Active low, write enable for the buffer RAM. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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SSI 32C9010 
SCSI Combo Controller 
32 Mbit/s; single bit NRZ interface 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 

PARAMETER RATING UNIT 

Power Supply Voltage, VCC 7 v 
Ambient Temperature Oto 70 oc 
Storage Temperature -65 to 150 oc 
Power Dissipation 750 mW 

Input, Output pins -0.5 to VCC+0.5 v 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VCC Power Supply Voltage 4.50 5.50 v 
ICC Supply Current Ta=25"C Outputs Unloaded 50 mA 

ICCS Supply Current 250 µA 

VIL Input Low Voltage -0.5 0.8 v 
VOIH Input High Voltage 2.0 VCC+0.5 v 
VOL Output Low Voltage All pins except SCSI interface, 0.4 

10L=2 mA 

VOL Output Low Voltage SCSI interface pins, 0.5 v 
10L=48 mA 

VOH Output High Voltage IOH = -400µA 2.4 v 
IL Input Leakage Current O<VIN <VCC -10 10 µA 

CIN Input Capacitance 10 pF 

COUT Output Capacitance 10 pF 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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SSI 32C9020 
SCSI Combo Controller 

48 Mbit/s; single bit NAZ interface 

DESCRIPTION 

The SSI 32C9020 is a CMOS VLSI device which inte­
grates major portions of the hardware needed to build a 
SCSI driven hard disk drive. The SSI 32C901 O is one of 
the family of Silicon Systems' single chip disk control­
lers. The SSI 32C9020's place in the Silicon Systems' 
chipfamilyis illustrated inthe hierarchy chart in Figure 1. 
It provides most of the disk controller functional circuitry 
necessary to build an embedded SCSI-disk drive. 
The SSI 32C9020 is a CMOS VLSI device which inte­
grates the major portion of the hardware needed to build 
a SCSI driven hard disk controller.The SSI 32C9020 is 
capable of supporting interleaved data transfer rate up 
to 48 Mbil/s. This chip represents a major reduction in 
part count when used with the SSI 32P3000 Pulse 
Detector and Filter Combo, the SSI 32D5391, the SSI 
32R201 O Read/Write device, and the SSI 32H4631 
Servo and Motor Speed Controller device, implement­
ing a cost efficient, high performance, 5-chip set intelli­
gent drive solution. 
The SSI 32C9020 includes a four port Buffer Manager, 
a storage controller and an extensive hardware support, 
including 24 mAdrivers, for the SCSI and other compat­
ible interfaces. 
The SSI 32C9020 performs all the controller functions 
for the peripheral device, such as serialization/ 

Dfk'"ii mt.1;;.eur.1;1 
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deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

FEATURES 

• SCSI Bus Interface 

ANSI X3.131-1990 Rev 10C SCSl-2 specifi· 
cation for target devices 
Direct bus Interface logic with on-chip 
48 mA drivers 
Synchronous transfer rates up to 
10 Mbyte/s; 5 Mbyte/s asynchronous 
Parity generation and checking 
High level SCSI sequences without micro­
processor Intervention 
4-byte Command FIFO supports execution 
of multiple commands 
Supports SCSl-2 tagged queuing 
SCSI COB Group Codes decoded 
"on-the-fly" 
Sixteen-byte data FIFO between the OMA 
and SCSI channel 
SCSI autodlsconnect and reconnect opera­
tion supported (Continued) 
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SSI 32C9020 
SCSI Combo Controller 
48 Mbit/s; single bit NRZ interface 

FEATURES (Continued) 

• Buffer Manager 

Buffer Memory throughput to 20 MByte/s 
for SAAM and 17.2 Mbyte/s for DRAM In 
Page Mode. 
Up to 256 kB Static RAM or 1 MB Dynamic 
RAM support 
Buffer RAM segmentation with flexible seg­
ment sizes for 256 bytes to 1MByte 
Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers 
Internal buffer protection circuit provides 
buffer Integrity 

• Storage controller 
NRZDataRatesto48Mblt/S··SinglebltNRZ 
Interface to the Data Separator 
88-bit Reed Solomon with "on-the-fly" fast 
hardware correction circuitry 
capable of correcting four 10-bit symbols 
In error 

Guaranteed to correct one 31-bit burst or 
two 11-blt bursts 
Hardware on-the-fly correction selectable 
between 11 or 31-bit single burst error 
within a quarter sector time 
Detects up to 51-blt burst or three 11-blt 
burst 
Multiple sector transfer support 
sector header or microprocessor based 
spilt data field processing logic 
Advanced sequencer organized In 31 x 5 
bytes 

• Microprocessor Interface 

Supports both multiplexed or non-multi­
plexed family of microprocessors 
Separate host and disk Interrupts 

• Others 
Internal power down mode 
Available In 100-pin QFP 

32C260 15 Mbit/s NRZ, 
AT/XT Controller 

'---~~ SH-260 Compatible 

32C4650 26 Mbit/s NRZ. 
AT/XT Controller 

SH-265 Compatible ~-...--~ 

32C9000 32C9001 

AT/XT Controller w/RLL 
2, 7 ENDEC, 24 Mbit/s 

32C9301 

32C4651 26 Mbit/s, NRZ, 
AT/XT Controller 

.___ _ __. SH-266 Compatible 

32C9010 32C9020 

16 Mbit/s, NRZ, 
3V Operation 

'-------' SH-266 Compatible 

32C9022 

32 Mbit/s NRZ, 
AT Controller, 
SGBitECC 

48 Mbit/s NRZ. AT 30 Mbit/s NRZ, AT 32 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 

3V Operation Dual Bit NRZ 

FIGURE 1: Silicon Systems' Disk Controller Chip Hierarchy 
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SSI 32C9020 
SCSI Combo Controller 

48 Mbit/s; single bit NAZ interface 

FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 

The SSI 32C9020 includes a control sequencer with a 
writeable control store, buffer RAM controller capable of 
interleaved address generation, direct SCSI bus con­
nections, and configuration/status registers which can 
be programmed by an external microcontroller. The 
internal hardware also supports automatic looping of the 
sequencer program, and the interrupt circuitry relieves 
the supervising microprocessor of having to poll on the 

PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(0) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 

GENERAL 

NAME TYPE DESCRIPTION 
VDD POWER SUPPLY PIN VCC 
GND GROUND 

HOST INTERFACE 

status registers. Access to the control store and regis­
ters is accomplished through the microprocessor inter­
face which is optimized for eight-bit, mulitplexed ad­
dress/data or non-multiplexed processors such as the 
Intel 80C196 or Motorola 68HC11. For a complete 
description of the programmable registers, refer to 
the SSI 32C9020 Design Gulde. 

The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction on the data 
stream; and CRC generation and checking on the 
header stream. It also has the flexibility of defect man­
agement and recovery. The contention between the 
host request and the disk request for buffer RAM access 
is internally arbitrated and resolved utilizing data FIFOs. 

SDBP 1/0 SCSI DATA BUS PARITY. Odd ~ari!l'_ bit for the SCSI data bus. 
SDB7-0 1/0 SCSI DATA BUS BITS 7-0. 
ATN I ATTENTION. This active low sjg_nal is used ~the initiator to request a message ou!.P_hase. 

BSY 1/0 BUSY. This active low signal is used to indicate when the bus is active. 
ACK I ACKNOWLEDGE. This active low signal is used in the handshake protocol to indicate the 

comQletion of a data Me transfer. 
SRST I SCSI RESET. This active low sjg_nal is used to reset the SCSI controller. 
MSG 0 MESSAGE. This active low signal is used to indicate a message phase. 

SEL 1/0 SELECT. This active low signal is used to indicate either a selection or reselection phase. 
CID 0 COMMAND/DATA. This signal is used to indicate either a command or data phase. 

REQ I REQUEST. This active low signal is used in the handshake protocol to initiate a data byte 
transfer. 

i7o I INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 
PAR EN I SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 

SCSI data bus. Parity checking is disabled when this pin is held low. 
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SSl 32C9020 
SCSI Combo Controller 
48 Mbit/s; single bit NRZ interface 

PIN DESCRIPTION (Contlnuec:t) 

DISK INTERFACE 

NAME TYPE DESCRIPTION 
GPI02-0 I INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The 

~ns can be programmed as outQuts fortestj>_urposes only. 
INDEX I INDEX. Input for index pulse received from the drive. 
INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
OUTPUT (input) pin configured by the Output Enable Bit of Register 71 H, bit 7. 

Al power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 

WAM/AMD/ 1/0 WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is used in the 
SECTOR hard sector mode as the sector input. A pulse on this pin indicates a sector mark is found. 

In the soft sector mode, a low level output is asserted during write gate to indicate writing 
of address mark. During read, a low-level input indicates an address mark was detected. 
The device powers up in soft sector default mode. 

RG 0 READ GATE. During disk data read, this pin is asserted. Active high. 
WG 0 WRITE GATE. During disk data write, this pin is asserted. Active high. 
RRCLK I READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pinto clock data 

in and out of the SSI 32C9020 device. 
NAZ 1/0 NON RETURN TO ZERO. This signal is the read data input from the disk drive when the 

read gate signal is asserted; it is the write data output to the disk drive when the write gate 
signal is asserted. 

MICROPROCESSOR INTERFACE 

AST I RESET. An asserted low input generates a component reset that holds the internal registers 
of the SSI 32C9020 at reset, stops all operations within the chip, and deasserts all output 
s.!9._nals. All i~ut/o~ signals are set to the h_igh-Z state durJ.rlg_ this s_!gnal. 

ALE/M/NM I ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the micropropessor interface is configured as non-
multiplexed. When driven low, then the microprocessor interface is configured as multi-
plexed. In this case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demult!Qlexed address outputs. 

cs I CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C9020 
can be accessed. 

WR/R/W I WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low signal is present 
with CS signal high, the data is written to the internal registers. 

-"'- In the Motorola bus mode this s_ignal acts as the R/W sjg_nal. 
RD/DS I READ STROBE/DATA STROBE. In the. Intel bus mode, when an active low signal is 

present with CS signal high, internal register data is read. 
In the Motorola mode, this signal acts as the DS signal. DS when active high is data strobe. 

DINT IO. OD,Z DISK INTERRUPT. An active low signal indicates the controller is requesting microproces-
sor service from the disk side. This signal is programmable for either a push-pull or open-
drain output circuit. This signal powers up in the high-Z state. Register 4F bit 3 enables the 
pull-up. 
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SSI 32C9020 
SCSI Combo Controller 

48 Mbit/s; single bit NRZ interface 

MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

SINT 0, OD,Z SCSI INTERRUPT. This signal is generated by the SCSI controller and is an interrupt line 
to the microprocessor. It is programmable for either a push-pull or open drain output circuit. 
This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
Register. Register 4F bit 3 enables the pull-up. This signal is also programmable to be either 
an active high or low interrupt. 

AD7:0 1/0 ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 

When configured in the Motorola mode, these lines are bidirectional data lines. 

MA(7:0) 1/0 MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed address input or 
latched address output lines. 

READY 0 READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow time for the chip to respond to the access. 

I/MC I INTEUMOTOROLA: This signal selects the microprocessorinterfaceto be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull-
up to allow the default selection of the Intel bus control interface. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES 0:15. Active high, for direct connection to a Static 
or Dynamic RAM address lines 0:15. 

BA16/RAS 0 BUFFER MEMORY ADDRESS 16: In SRAM mode, for direct connection to a Static RAM 
address line 16. 

ROW ADDRESS STROBE: In DRAM mode, for direct connection to a Dynamic RAM Row 
Address Strobe signal. 

BA17/CAS 0 BUFFER MEMORY ADDRESS 17: In SRAM mode, for direct connection to a Static RAM 
address line 17. 

ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic 
RAM Column Address Strobe signal. 

BD0:7 1/0 BUFFER MEMORY DATA BUS. 7 through 0. Active high, buffer data bus that connects 
directly to the buffer RAM data lines. 

BOP 1/0 BUFFER MEMORY DAT A PAR ITV. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory to the buffer RAM. 

MOE 0 MEMORY OUTPUT ENABLE. This signal is asserted low only for buffer memory read 
operations. 

WE 0 WRITE ENABLE. Active low, write enable for the buffer RAM. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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SSI 32C9020 
SCSI Combo Controller 
48 Mbit/s; single bit NRZ interface 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 

PARAMETER RATING UNIT 

·Power Supply Voltage, VCC 7 v 
Ambient Temperature Oto 70 oc 

Storage Temperature -65 to 150 oc 

Power Dissipation 750 mW 

Input, Output pins -0.5 to VCC+0.5 v 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VCC Power Supply Voltage 4.50 5.50 v 
ICC Supply Current Ta= 25·c Outputs Unloaded 50 mA 

ICCS Supply Current 250 µA 

VIL Input Low Voltage -0.5 0.8 v 
VOIH Input High Voltage 2.0 VCC+0.5 v 
VOL Output Low Voltage All pins except SCSI interface, 0.4 

10L=2 mA 

VOL Output Low Voltage SCSI interface pins, 0.5 v 
10L=48 mA 

VOH Output High Voltage IOH =-400 µA 2.4 v 
IL Input Leakage Current 0< VIN <VCC -10 10 µA 

CIN Input Capacitance 10 pF 

COUT Output Capacitance 10 pF 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights ortrademarl<s of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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DESCRIPTION 
The SSI 32C9022 is a CMOS VLSI device which inte­
grates major portions of the hardware needed to build a 
SCSI driven hard disk drive. The SSI 32C9022 is one of 
the family of Silicon Systems' single chip disk control­
lers. The SSI 32C9022's place in the Silicon Systems' 
chip family is illustrated in the hierarchy chart in Figure 1 . 
It provides most of the disk controller disk controller 
functional circuitry necessary to build an intelligent 
SCSI-disk drive. 
The SSI 32C9022 is a CMOS VLSI device which inte­
grates the major portion of the hardware needed to build 
a SCSI driven hard disk controller. The SSI 32C9022 is 
capable of supporting interleaved data transfer rate up 
to 48 MbiVs. This chip represents a major reduction in 
part count when used with the SSI 32P3000 Pulse 
Detector and Filter Combo, the SSI 32D5392, the SSI 
32R2010 Read/Write device, and the SSI 32H4631 
Servo and Motor Speed Controller device, implement­
ing a cost efficient, high performance, 5-chip set intelli­
gent drive solution. 
The SSI 32C9022 includes a four port Buffer Manager, 
a storage controller and an extensive hardware support, 
including 24 mA drivers, for the SCSI and other compat­
ible interfaces. 
The SSI 32C9022 performs all the controller functions 

SSI 32C9022 
SCSI Combo Controller 

48 Mbit/s; dual bit NRZ interface 

gg1na1mr.1;;.e11t.1;1 
December 1991 

for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

FEATURES 

• SCSI Bus Interface 
ANSI X3.131-1990 Rev 10C SCSl-2 specifi­
cation for target devices 
Direct bus Interface logic with on-chip 
48 mA drivers 
Synchronous transfer rates up to 
10 Mbyte/s; 5 Mbyte/s asynchronous 
Parity generation and checking 
High level SCSI sequences without micro­
processor Intervention 
4-byte Command FIFO supports execution 
of multiple commands 
Supports SCSl-2 tagged queuing 
SCSI COB Group Codes decoded 
"on-the-fly" 
Sixteen-byte data FIFO between the OMA 
and SCSI channel 
SCSI autodlsconnect and reconnect opera­
tion supported (Continued) 
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SSI 32C9022 
SCSI Combo Controller 
48 Mbit/s; dual bit NRZ interface 

FEATURES (Continued) 

• Buffer Manager 

Buffer Memory throughput to 20 MByte/s 
for SAAM and 17 .2 Mbyte/s for DRAM In 
Page Mode. 
Up to 256 kB Static RAM or 1 MB Dynamic 
RAM support 
Buffer RAM segmentation with flexible seg­
ment sizes for 256 bytes to 1 MByte 
Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers 
Internal buffer protection circuit provides 
buffer integrity 

• Storage Controller 
NAZ Data Rates to 48Mblt/s- -sing le bit N RZ 
Interface to the Data Separator 
88-bit Reed Solomon with "on-the-fly" fast 
hardware correction circuitry 
Capable of correcting four 10-blt symbols 
In error 

Guaranteed to correct one 31-bit burst or 
two 11-blt bursts 
Hardware on-the-fly correction selectable 
between 11 or 31-bit single burst error 
within a quarter sector time 
Detects up to one 51-bit burst or three 11-bit 
burst 
Multiple sector transfer support 
Sector header or microprocessor based 
split data field processing logic 
Advanced sequencer organized in 31 x 5 
bytes 

• Microprocessor Interface 

Supports both multiplexed or non-multi­
plexed family of microprocessors 
Separate host and disk Interrupts 

• Others 
Internal power down mode 
Available In 100-pin QFP 

32C260 
15 MbiVs NAZ, 
AT/XT Controller 

'----..-~ SH-260 Compatible 

26 MbiVs NAZ, 
AT/XT Controller 32C4650 32C4651 32C263 16 MbiVs, NAZ, 

SH-265 Compatible '---r-~ AT/XT Controller w/RLL 
2, 7 ENDEC, 24 MbiVs 

26 MbiVs, NAZ, 
AT/XT Controller 

~-~ SH-266 Compatible 
3V Operation 

'------' SH-266 Compatible 

32C9000 

32 MbiVs NAZ, 
AT Controller, 

56 Bit ECC 

32C9001 

48 MbiVs NAZ, AT 
Controller, Reed 
Solomon ECC 

32C9301 32C9010 32C9020 32C9022 

30 MbiVs NAZ, AT 32 MbiVs NAZ, SCSI 48 MbiVs NAZ, SCSI 48 MbiVs NAZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
3V Operation Dual Bit NAZ 

FIGURE 1: Silicon Systems' Single Chip Controller Hierarchy 
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FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 

The SSI 32C9022 includes a control sequencer with a 
writeable control store, buffer RAM controller capable of 
interleaved address generation, direct SCSI bus con­
nections, and configuration/status registers which can 
be programmed by an external microcontroller. The 
internal hardware also supports automatic looping of the 
sequencer program, and the interrupt circuitry relieves 
the supervising microprocessor of having to poll on the 

PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(0) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 

GENERAL 

NAME TYPE DESCRIPTION 
VDD POWER SUPPLY PIN VCC 
GND GROUND 

HOST INTERFACE 

SSI 32C9022 
SCSI Combo Controller 

48 Mbit/s; dual bit NRZ interface 

status registers. Access to the control store and regis­
ters is accomplished through the microprocessor inter­
face which is optimized for eight-bit, mulitplexed ad­
dress/data or non-multiplexed processors such as the 
Intel 80C196 or Motorola 68HC16. For a complete 
description of the programmable registers, refer to 
the SSI 32C9010/9020/9022 Design Guide. 

The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction on the data 
stream; and CRC generation and checking on the 
header stream. It also has the flexibility of defect man­
agement and recovery. The contention between the 
host request and the disk requestforbufler RAM access 
is internally arbitrated and resolved utilizing data FIFOs. 

SDBP 1/0 SCSI DATA BUS PARITY. Odd__Q_arity bit for the SCSI data bus. 
SDB?-0 1/0 SCSI DATA BUS BITS 7-0. 

ATN I ATTENTION. This active low s_!g_nal is used Qi'_ the initiator to r~uest a message out phase. 
BSY 1/0 BUSY. This active low signal is used to indicate when the bus is active. 
ACK I ACKNOWLEDGE. This active low signal is used in the handshake protocol to indicate the 

com_Qletion of a data lW_e transfer. 
SRST I SCSI RESET. This active low sJgnal is used to reset the SCSI controller. 
MSG 0 MESSAGE. This active low signal is used to indicate a message phase. 
SEL 1/0 SELECT. This active low signal is used to indicate either a selection or reselection phase. 
CID 0 COMMAND/DATA. This signal is used to indicate either a command or data phase. 
REQ I REQUEST. This active low signal is used in the handshake protocol to initiate a data byte 

transfer. 
1/0 I INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 
PAR EN I SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 

SCSI data bus. Parity checking is disabled when this pin is held low. 
GPl02-0 I INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The pins 

can be programmed as outputs for test purposes only. 
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PIN DESCRIPTION (Continued) 

DISK INTERFACE 

NAME TYPE DESCRIPTION 

INDEX I INDEX. Input for index pulse received from the drive. 

INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
OUTPUT (input) pin configured by the Output Enable Bit of Register 71 H, bit 7. 

At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 

WAM/AMD/ 1/0 WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is used in the 
SECTOR hard sector mode as the sector input. A pulse on this pin indicates a sector mark is found. 

In the soft sector mode, a low level output is asserted during write gate to indicate writing 
of address mark. During read, a low-level input indicates an address mark was detected. 
The device powers up in soft sector default mode. 

RG 0 READ GATE. During disk data read, this pin is asserted. Active high. 

WG 0 WRITE GATE. During disk data write, this pin is asserted. Active high. 

RRCLK I READ/REFERENCE CLOCK. Thispinisusedinconjunction withtheNRZpintoclockdata 
in and out of the SSI 32C9020 device. 

NRZO, 1 1/0 NON RETURN TO ZERO. These signals are the read data input 0 and 1 from the disk drive 
when the read gate signal is asserted; it is the write data output to the disk drive when the 
write gate signal is asserted. 

MICROPROCESSOR INTERFACE 

RST I RESET. An asserted low input generates a component resetthat holds the internal registers 
of the SSI 32C9020 at reset, stops all operations within the chip, and deasserts all output 

-- signals. All input/output signals are set to the high-Z state during this signal. 
ALE/M/NM I ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 

When tied high or left floating after reset, the microprocessor interface is configured as non-
multiplexed. When driven low, then the microprocessor interface is configured as multi-
plexed. In this case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demultiplexed address outputs. 

cs I CHIP SELECT. Active high signal, when asserted, the internal registers ofthe SSI 32C9022 
can be accessed. 

WR/R/W I WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low signal is present 
with CS signal high, the data is written to the internal registers. 

In the Motorola bus mode, this signal acts as the R/W signal. 
RD/DS I READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 

present with CS signal high, internal register data is read. 

In the Motorola mode, this signal acts as the DS signal. DSwhen active high is data strobe. 

DINT 0, OD,Z DISK INTERRUPT. An active low signal indicates the controller is requesting microproces-
sor service from the disk side. This signal is programmable for either a push-pull or open-
drain output circuit. This signal powers up in the high-Z state. Register 4F bit 3 enables the 
pull-up. 
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SCSI Combo Controller 

48 Mbit/s; dual bit NRZ interface 

MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

SINT 0, OD,Z SCSI INTERRUPT. This signal is generated by the SCSI controller and is an interrupt line 
to the microprocessor. It is programmable for either a push-pull or open drain output circuit. 
This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
Register. Register 4F bit 3 enables the pull-up. This signal is also programmable to be either 
an active high or low interrupt. 

AD7:0 1/0 ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 

When configured in the Motorola mode, these lines are bidirectional data lines. 

MA(7:0) 1/0 MICROPROCESSOR ADDRESS BUS: These signals are nonmulliplexed address input or 
latched address output lines. 

READY 0 READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow lime for the chip to respond to the access. 

I/MC I INTEUMOTOROLA: This signal selects the microprocessor interface to be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull-
up to allow the default selection of the Intel bus control interface. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES 0:15. Active high, for direct connection to a Static 
or Dynamic RAM address lines 0:15. 

BA16/RAS 0 BUFFER MEMORY ADDRESS 16: In SAAM mode, for direct connection to a Static RAM 
address line 16. 

ROW ADDRESS STROBE: In DRAM mode, for direct connection to a Dynamic RAM Row 
Address Strobe signal. 

BA17/CAS 0 BUFFER MEMORY ADDRESS 17: In SAAM mode, for direct connection to a Static RAM 
address line 17. 

ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic 
RAM Column Address Strobe signal. 

BD0:7 1/0 BUFFER MEMORY DATA BUS. 7 through 0. Active high, buffer data bus that connects 
directly to the buffer RAM data lines. 

BDP 1/0 BUFFER MEMORY DAT A PARITY. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory to the buffer RAM. 

MOE 0 MEMORY OUTPUT ENABLE. In SAAM mode this signal is asserted low when every buffer 
memory access is active. In DRAM mode this signal is asserted low only for buffer memory 
read operation. 

MS 0 MEMORY SELECT. An active low signal indicates external memory is selected. 

WE 0 WRITE ENABLE. Active low, write enable for the buffer RAM. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 

PARAMETER RATING 

Power Supply Voltage, VCC 7V 

Ambient Temperature Oto 70°C 

Storage Temperature -65 to 150°C 

Power Dissipation 750mW 

Input, Output pins -0.5 to VCC+0.5V 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VCC Power Supply Voltage 4.50 5.50 v 
ICC Supply Current Ta = 25'C Outputs Unloaded 50 mA 

ICCS Supply Current 500 µA 

VIL Input Low Voltage -0.5 0.8 v 
VOIH Input High Voltage 2.0 VCC+0.5 v 
VOL Output Low Voltage All pins except SCSI interface, 0.4 

10L=2 mA 

VOL Output Low Voltage SCSI interface pins, 0.5 v 
10L=48 mA 

·-·-

VOH Output High Voltage IOH = -400 µA 2.4 v 
IL Input Leakage Current 0 <VIN< VCC -10 10 µA 

CIN Input Capacitance 10 pF 

COUT Output Capacitance 10 pF 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

©1991 Silicon Systems, Inc. 8-108 1291 
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SSI 32C9301 
PC-AT Combo Controller 

With Reed Solomon, 3V Operation 

DESCRIPTION 

The SSI 32C9301 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PC AT driven hard disk controller. The SSI 
32C9301 is one of the family of Silicon Systems' single 
chip disk controllers. The SSI 32C9301 's place in the 
Silicon Systems' chip family is illustrated in the hierar­
chy chart in Figure 1. It provides most of the functional 
circuitry necessary to build an "ATA" intelligent disk. 

The SSI 32C9301 is capable of supporting interleaved 
data transfer rate up to 30 Mbit/s. 

The SSI 32C9301 includes a dual port Buffer Manager, 
a storage controller, and a high performance AT host 
interface block that incorporates an extensive hard­
ware support - including 24 mA drivers - for the PC 
AT and other compatible interfaces. 

The SSI 32C9301 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 

D'W'"liiMt.11;.,ut.1;1 
December 1991 

FEATURES 

• 

• 

PC AT Bus Interface 
Slngle Chip PC AT controller 
Direct bus Interface loglc with on-chip 
24 mA drivers 
Logic for daisy chaining 2 embedded ATA 
drives 
Suppons 30 Mblt/s concurrent disk trans­
fer on a 3M words/s PC·AT In PIO or sing le 
or EISA compatible burst OMA mode -
type B 
Automatic command decoding of wrtte, 
wrtte multlple, and format commands. 
Automatic updates of the host task flle 
registers In multiple sector transfers 

Buffer Manager 

Suppons Buffer Memory throughput to 10 
Mbytes/s SAAM or 8 Mbytes/s for DRAM 
Direct Buffer Memory addressing up to 
256 kB Static RAM or 1 MB Dynamic RAM 
for various timings and sizes 

(Continued) 
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FEATURES (continued) 

• Buffer Manager (continued) 
Buffer RAM segmentation with flexible seg­
ment sizes.from 256 bytes to 1 Mbytes/s 
Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers 

• Storage Controller 

NRZ Data Rates up to 30 Mblt/s 
Selectable 16-blt CRC or 88 bit ECC poly­
nomial with "on-the-fly" fast hardware cor­
rection circuitry 
Multiple sector transfer support without 
microprocessor intervention 

Highly programmable Advanced se­
quencer organized In 31 x 5 bytes 
Support sector level defect management 
Sector header or microprocessor based 
spilt data field processing logic 

• Microprocessor Interface 
Supports both multiplexed and non-multi­
plexed microprocessor support 
Separate host and disk Interrupts 

• Others 
Internal power down mode 
Operational at 3.3V ± 20"k 
Available In 100-pln surface mount TQFP 

32C260 15 Mbil/s NRZ. 
AT/XT Controller 

'---..----' SH-260 Compatible 

26 Mbil/s NRZ, 
AT/XT Controller 32C4650 32C4651 26 Mbil/s, NRZ, 

AT/XT Controller 
--~ SH-266 Compatible 

32C263 
16 Mbil/s, NRZ, 
3V0peration 

--- SH-266 Compatible SH-265 Compatible '----~---' AT/XT Controller w/RLL 
2, 7 ENDEC, 24 Mbil/s 

32C9000 

32 Mbil/s NRZ, 
AT Controller, 

56BitECC 

32C9001 32C9301 32C9010 32C9020 32C9022 

48 Mbil/s NRZ, AT 30 Mbil/s NRZ. AT 32 Mbil/s NRZ, SCSI 48 Mbil/s NRZ, SCSI 48 Mbil/s NRZ, SCSI 
Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 

3V Operation Dual Bit NRZ 

FIGURE 1: Silicon Systems' Disk Controller Chip Hierarchy 
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SSI 32C9301 
PC-AT Combo Controller 

With Reed Solomon, 3V Operation 

FUNCTIONAL DESCRIPTION 

The four major functional blocks are: 

Microcontroller Interface 

Buffer Memory Interface 

Disk Formatter 

Host Interface 

The SSI 32C9301 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 

PIN DESCRIPTION 

The following convention is used in the pin description: 
(I) denotes an input 
(l/S) denotes a Schmitt trigger input 
(0) denotes an output 
(1/0) denotes a bidirectional signal 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 

poll on the status registers. Access to the control store 
and registers is accomplished through the micropro­
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors such as Intel's 
80C196 or non-multiplexed microprocessors - such 
as Motorola's 68HC16. For a complete description 
of the programmable registers, refer to the SSI 
32C9001 Design Gulde. 

The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction assistance; 
and CRC generation and checking on the header 
stream. It also has the flexibility of defect management 
and recovery. The contention between the host, disk, 
microprocessor, and refresh requests for buffer RAM 
access is internally arbitrated and resolved. 

Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a 
slash between the two signals - A9/HCS1. 

GENERAL 

NAME TYPE DESCRIPTION 

VDD POWER SUPPLY PIN, VCC 

GND GROUND 

HOST INTERFACE 

A0:2 I HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

A9/HCS1 I HOST ADDRESS LINE 9/HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 48H-bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as active low HCS 1, this input is ignored 
when DACK is asserted. 

HCSO I HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This active low input is ignored when DACK is asserted. 

IOCS16 OD 16 BIT DATA TRANSFER. An open drain active low output that indicates that a 16-bit 
buffer transfer is active. 

HINT 0 HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 

8-111 



SSI 32C9301 
PC-AT Combo Controller 
With Reed Solomon, 3V Operation 

PIN DESCRIPTION (Continued) 

HOST INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

IOCHRDY o.z 1/0 CHANNEL READY. Active low, this signal is asserted whenever the internal host 
FIFO is not ready to transfer data. 

DREQ O,Z DMA REQUEST. The active high DMA Request signal is used during DMA transfer 
between the Host and the SSI 32C9301. 

DACK I DMA ACKNOWLEDGE. This active low signal is used during DMA to complete the DMA 
handshake for data transfer between the host and the controller. 

IOR I INPUT READ SELECT. This active low pin is asserted by the Host during a Host read 
oper(ltion. When asserted with HCSO, HCS1, or DACK, data from the device is enabled 
ont6 the host data bus. 

IOW I INPUT WRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO, HCS1, or DACK, data from the host data bus is strobed into 
the device. 

HR ES ET l/S HOST RESET. This active high signal stops all commands in progress and initializes the 
control/status registers-see Design Guide for Register Reset conditions. This signal can 
also ''wake up" the device while it is in power down mode. 

HDB 1/0 HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
(15:0) and the Host; bits (7:0) are used for status, commands, or ECC byte transfers. 

DISK INTERFACE 

INDEX I INDEX. This input is a pulse that occurs once per revolution and defines the start of 
sector 0. 

INPUT/ 1/0 DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Register 71 H, bit 7. 

OUTPUT At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk s~quencer. 

WAM/ 1/0 WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 
AMD/ to operate in Hard or Soft Sector mode by initializing the Disk Formatter Mode Control 
SECTOR Register: 4FH, bit 1. In the hard sector mode it is used as the sector input - a pulse on 

this pin indicates a sector mark is found. 

In the soft sector mode, an active low output is asserted when formatting to allow writing 
of address mark. When readi'ng, an active low input indicates an address mark was 
detected. The device powers up in soft sector mode. 

RG 0 READ GATE. This active high output enables the reading of the disk. It is asserted at the 
beginning of the PLO for header and data field by the sequencer - sequencer Control 
Field bits 5 and 6. It is automatically deasserted at the end of the CRC or ECC. 

WG 0 WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 6. 
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DISK INTERFACE (Continued) 

NAME TYPE DESCRIPTION 
RRCLK l/S READ/REFERENCE CLOCK. This pin is used in conjunction with the NAZ pin to clock 

data in and out of the SSI 32C9001 device. This input must be glitch-free to ensure correct 
operation of the chip. 

NAZ 1/0 NON RETURN TO ZERO. This signal is the serial read data inputfromthe disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 

MICROPROCESSOR INTERFACE 

AST I RESET. An asserted active low input generates a component reset that holds the internal 
registers of the SSI 32C9301 at reset, stops all operations within the chip, and de asserts 
all output signals. All inpuUoutput signals and Host outputs are set to the high-Z state. 

ALEIM/NM I ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SE-
LECT. When tied high or left floating after reset, the microprocessor interface is configured 
as non-multiplexed. When driven low, then the microprocessor interface is configured as 
multiplexed. In this case this pin functions as the address latch enable, and the MA(7:0) 
pins are the demultiplexed address outputs. 

cs I CHIP SELECT. This signal must be asserted high for all microprocessor accesses to the 
registers of this chip. 

WR/R/W I WRITE STROBE/READ/WRITE. In the Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal asserted high, the data on the AD0:7 is written 
to the internal registers. 

In the Non-Multiplexed Microprocessors bus mode, this signal acts as the R/W signal. A 
high on this input along with the RD/DS signal high and the CS signal asserted high 
indicates a read operation. A low on this input along with the RD/DS signal asserted and 
the CS signal asserted high indicates a write operation. See table below. 

I/MC cs WR/R/W RD/DS Action Mux/Non-Mux 

High High Low High Write to internal registers. M 
High High High Low Read from internal registers. M 
Low High Low High Write to internal registers. N 
Low High High High Read from internal registers. N 
x Low x x No action. MorN 

Note: X denotes don't care. 

RD/DS I READ STROBE/DATA STROBE. In the Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal high, internal registers will be accessed. 

In the Non-Multiplexed Microprocessors mode, this signal acts as the DS signal. A high 
on.the DS, R/W, and the CS signals, indicates a read operation. A low on the R/W signal, 
highs on both the DS and the CS, indicates a write operation to the internal registers. 

DINT O,OD, INTERRUPT. An active low signal indicates the controller is requesting microprocessor 
z service from the disk side. This signal is programmable for either a push-pull with an 

internal pull up resistor or open-drain output circuit. This signal powers up in the high-Z 
state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, programs this pin as a 
push-pull, and when set low programs it as an open drain output signal. 

8-113 



SSI 32C9301 
PC-AT Combo Controller 
With Reed Solomon, 3V Operation 

MICROPROCESSOR INTERFACE (Continued) 

NAME TYPE DESCRIPTION 
AD7:0 1/0 ADDRESS/DATA BUS. When configured in the Multiplexed Microprocessors mode, 

these lines are multiplexed, bidirectional data path to the microprocessor. During the 
beginning of the memory cycle the bus captures the low order byte of the microprocessor 
address. These lines provide communication with the controller device's internal registers 
and the buffer memory. 

When configured in the Non-Multiplexed Microprocessors mode, these lines are bidirec-
tional data lines. 

MA(7:0) 1/0 MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) bus latched 
by the ALE pin during the low order address phase of an Multiplexed Microprocessors type 
microprocessor cycle. These signals are nonmultiplexed address input when used with a 
non-multiplexed bus microprocessor - Non-Multiplexed Microprocessors interface. 

READY/ 0 READY: When this signal is deasserted low, the microprocessor inserts wait states to 
AINT allow time for the chip to respond to the access. Wait states are programmed by Buffer 

Mode Control Register - 53H: bits 7-6. 

AINT O,OD, AT BUS INTERRUPT. An active low signal indicates the controller is requesting micro-
z processor service from the AT host bus side. This signal is programmable for either a push-

pull with an internal pull up resistor or open-drain output circuit. This signal powers up in 
the high-Z state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, programs this 
pin as a push-pull, and when set low programs it as an open drain output signal. 

I/MC I INTEUMOTOROLA: This signal selects the microprocessor interface to be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull-
up to allow the default selection of the Intel bus control interface. 

BUFFER MANAGER INTERFACE 

BA0:15 0 BUFFER MEMORY ADDRESS LINES0:15. These sixteen outputs provide address lines 
for the dynamic memory or static memory chips used to implement the buffer memory. 

BA16/RAS 0 BUFFER MEMORY ADDRESS 16: In SAAM mode, this pin generates the address: A16 
for direct connection to a Static RAM address line 16. 

BUFFER ROW ADDRESS STROBE: This active low output signal is generated to strobe 
the row - high order - address into the dynamic RAMs. It is intended to be directly tied 
to the RAMs input control pin. 

BA17/CAS 0 BUFFER MEMORY ADDRESS 17: In SAAM mode, this pin generates the address: A17 
for direct connection to a Static RAM address line 17. 

COLUMN ADDRESS STROBE: This output signal is generated to strobe the column -
low order address - into the dynamic RAM devices. 

BD0:7 1/0 BUFFER MEMORY DATA BUS. 7th rough 0. The bidirectional Data Bus connects directly 
to the buffer memory. This bus is designed for high speed data transfer. 

BDP 1/0 BUFFER MEMORY DATA PARITY. This signal provides odd parityforthe buffer memory 
data bus during transfers to/from the buffer memory. 
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BUFFER MANAGER INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

MOE 0 MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 
the data bus by the dynamic RAMs or to indicate when every butter memory access is 
active in SAAM mode. 

WE 0 WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
from the Data bus. For both buffer memory applications, this line is tied directly to the 
SAAM or DRAM control pin. 

SYSCLK I SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including 
the generation of memory address lines, write enable WE, and memory output enable 
MOE. In power down mode, this signal is shut off from the internal logic and hence buffer 
memory access is inhibited. 

MS 0 Memory selected, asserted active low. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 

PARAMETER RATING 

Power Supply Voltage, VCC ?V 
····---

Ambient Temperature Oto ?0°C 

Storage Temperature -65 to 150°C 

Power Dissipation 220mW 

Input, Output pins -0.5 to VCC+0.5V 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VCC Power Supply Voltage 2.7 3.9 
- -

ICC Supply Current 40 

ICCS Supply Current Note 1 500 

VIL Input Low Voltage -0.5 0.5 

VIH Input High Voltage 1.8 ivcc+o.s 
VOL Output Low Voltage Note 2 0.3 

VOL Output Low Voltage Note 3 0.4 

VOH Output High Voltage IOH = -400 µA 2.0 

IL Input Leakage Current O < VIN < VCC -10 10 

CIN Input Capacitance 10 

COUT Output Capacitance 10 

Note: (1) Synchronization and Clock Control Register, ?FH: bits 3 and 4 set. RRCLK and SYSCLK 
internally inhibited. 

(2) All interface pins except Host Interface pins. IOL= 2 mA. 
(3) Host Interface pins, 10L=24 mA. 
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AGCAMP 

DESCRIPTION 
The SSI 34P553/5531 is a low power, high performance 
Pulse Detection, Data Synchronization combination 
device. This device is designed for use in low power 
applications requiring +5V only power supplies. The 
pulse detection portion of this device detects and 
validates amplitude peaks in the output from a disk 
drive read amplifier. The data synchronization portion 
is an MFM and 1, 7 datasynchronizerwithwindowshift 
capability. The SSI 34P553/5531 achieves low system 
operating power two ways, with a low operating power 
(+5V only design) and with a power down mode. The 
power down mode is a complete shutdown or sleep 
mode. The SSI 34P553/5531 is available in a 52-pin 
fine pitch QFP. 

The 34P5531 is the same device, but with separate 
CIN+, DIN+ inputs, for use with active filters such as the 
SSI 32F8030. 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

December 1991 

FEATURES 

• Highly Integrated Pulse Detector and 
Data Synchronizer 

• +5V only Power Supplies 

• 790 mW max. power 

• Low Pulse Pairing 

• 0.6-1.6 Mblt/s operation 

BLOCK DIAGRAM 

'-----{]------{}-----{Jf-----0---0---------------------------
____ J 
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CIRCUIT OPERATION 

PULSE DETECTOR SECTION 

READ MODE 
The SSI 34P553/5531 enters into the read mode when 
the WG pin is pulled low. In the read mode, the SSI 
34P553/5531 provides amplification and pulse level 
qualification of the signal applied to the input pins of the 
AGC amplifier. 

AGC AMPLIFIER 

An amplified head output signal is AC coupled to the IN+ 
and IN- pins of the AGC amplifier. To control the gain of 
the AGC amplifier, the signal at the DIN± pins is full­
wave rectified and amplified. The resulting voltage is 
compared to the voltage level present at the AGC pin. If 
the voltage level is higher than the AGC pin reference 
level, the SSI 34P553/5531 will enter into an attack 
mode. If it is lower than the AGC pin voltage the device 
will enter into a decay mode. 

Attack Mode. The SSI 34P553/5531 contains a dual 
rate attack charge pump that is controlled by the instan­
taneous level at DIN±. When the voltage from the full 
wave rectifier exceeds the AGC pin voltage by greater 
than 125%, a fast attack mode is entered. During fast 
attack, 1.4 mA of current is supplied to the network on 
the BYP pin. When the full wave rectifier voltage ex­
ceeds the AGC pin voltage by 100 to 125%, the slow 
attack mode is entered. During slow attack the charge 
current supplied to the BYP pin is 0.18 mA. This dual 
rate charge pump allows the AGC to recover rapidly 
during write to read transitions while minimizing distor­
tion once the AGC amplitude is within range. 

Decay Mode. Two internally controlled decay modes 
are provided by the SSI 34P553/5531. Upon a switch to 
write mode, the device holds the gain at its last value and 
the AGC inputs are switched to low impedance. When 
the device is switched back from write to read, the gain 
remains held and the AGC inputs remain in a low 
impedance state for 0.9 µs; At this time, if the new gain 
required is more than the held value the device enters 
into the decay mode. A fast decay current of 0.12 mA is 
automatically switched on for a period of 0.9 µs. After 0.9 
µs the device will sink a steady state slow decay current 
of 4.5 µA (reference Figure 7.) 

AGC Level Control. The AGC level is controlled by the 
voltage presented on the AGC pin. The AGC pin is 
internally biased at approximately 2.3V which sets the 
signal at the DIN± pins to 1.0 Vpp under nominal 
conditions. The voltage at the AGC pin can be externally 
controlled by connecting a resistor between the AGC pin 
and either VPA1 or AGND1. When a resistor is con­
nected from AGC to VPA 1 the voltage on the AGC pin 

9-2 

can be increased (Figure 1 a). When a resistor is 
connected from AGC to AGND1 the voltage on the AGC 
pin can be decreased (Figure 1 b). The new DIN± input 
target level is nominally (VAGC -0.75)•0.64 Vpp. The 
output of the AGC amplifier has a maximum swing of 3.0 
Vpp that can be controlled using the AGC pin. The 3.0 
Vpp swing supports the use of external filters that have 
up to 6 dB of loss. A multi-pole Bessel filter is typically 
used for its linear phase or constant group delay char­
acteristics. 

v 

sv (1~uRint AGC Roxt 

VN>C• VRoxt 
Rint + Rext 

(1A) Rext 

V • Voltage at AGC pin wtth pin open (2.3V nominal) 
Rini • AGC pin Input impedance (2.5 Kn typical) 
Rext - External Resistor 

FIGURES 1A & 18: AGC Voltage 

The gain of the AGC amplifier is directly controlled by the 
voltage at the BYP pin (VBYP) or the VEGC pin as 
shown in Figure 2. The AGC amplifier has open collector 
outputs that can sink up to 4.0 mAof current. For correct 
operation over the gain range each output should be 
pulled up to VPAI through a 340 n resistor as shown in 
Figure 3. 

GainVN 

80 

45 

4 ------t-- ~---

2.5 
V9YP(Vol1S) 

FIGURE 2: AGC Gain 

5V 

OUT+ 

OUT-

~ ;5 
DIN- DIN+ 

FIGURE 3: AGC Filter 
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PULSE QUALIFICATION 

The SSI 34P553/5531 uses both amplitude and time 
qualification to digitize the incoming data pulses. In the 
amplitude channel the signal is sent to a hysteresis 
comparator. A hysteresis trip level is externally set 
such that only pulses that exceed the required signal 
level will trip the comparator. This prevents false quali­
fication of baseband noise. The hysteresis trip level 
can be either a fixed level or a fraction of the DIN 
+/- voltage level. 

Hysteresis Level. A fixed hysteresis level can be set 
by applying a DC voltage to the HYS pin. This is a 
simple method for hysteresis control but it does not 
compensate well for internal variances from device to 
device. A more effective approach is to feed forward a 
percentage of the voltage level at the DIN± pins. This 
approach is accomplished by using a filter/divider 
network between the LEVEL and HYS pins. The 
LEVEL pin output voltage is a rectified and amplified 
version of the voltage level applied to the DIN± pins. 
The gain in this circuit is set so that a 1 Vpp signal 
applied to DIN+/- will result in a 1 Vpk {typical) output 
signal at the LEVEL pin. An external capacitor to 
AGND1 should be used on the LEVEL pin to maintain 
a DC level. An external voltage divider can be connected 
between the LEVEL pin and AGND1 to provide the 
hysteresis programming voltage to the HYS pin. The 
HYS pin voltage determines the percentage of the 
DIN+/- input signal that will trip the hysteresis comparator 
of the SSI 34P553/5531. The transfer function of the 
HYS pin for setting the threshold percentage is: 

Hysteresis Threshold = 0.36 x VHYS 

where VHYS is the voltage applied to the HYS pin. For 
example, with a 1.0 Vpp signal at DIN+/- the LEVEL pin 
output will be 1.0 Vpk. Using a 50% resistor divider 
between LEVEL and AGND1 would result in a HYS pin 
voltage of 0.5 V and that would produce a hysteresis 
threshold of 0.18 V in both the positive and negative 
direction. This translates to a hysteresis threshold 
percentage of 36% of DIN+/-. 

Because the SSI 34P553/5531 circuits are internally 
biased to the same levels, the technique of feeding 
forward the LEVEL pin voltage helps to offset process 
related internal tolerance variations. In addition, the 
feed forward technique speeds up transient recovery 
by allowing qualification of input pulses while the AGC 
is still settling, such as during write to read recovery or 
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head change recovery. Care should be taken in 
selecting the hysteresis level time constant so that 
pattern induced low amplitude signals are not missed. 
The SSI 34P553/5531 has a built in minimum of ±50 
mV threshold for level qualification even when the HYS 
pin is grounded. This prevents false triggering due to 
baseband noise during a DC erase gap. 

The outputs of the hysteresis comparator are the "D" 
inputs of the D-type flip-flop. One side of the hysteresis 
comparator outputs is provided as the DOUT pin test 
point. The DOUT pin can be monitored by connecting 
a 3 to 6 k.Q resistor to AGND2. When the DOUT pin is 
not used, it can be pulled up to VPA2 to save power. 

In the time channel the signal is differentiated to trans­
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one­
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3 to 6 Kn 
pull-down resistor for testing. 

The differentiator function is accomplished by an exter­
nal network between the DIF+ and DIF- pins. The 
transfer function from DIN± to the comparator input 
(not DIF±) is: 

Av -2000Cs 
LCs2 +C(R+92)s+1 

where: C, L, Rare external passive components 
20 pf < c < 500 pf 
S=jco = j21tf 

During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
DIN± input. The D input to the flip-flop only changes 
state when the DIN± input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ­
ous threshold exceeding peak. 

The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. The 
D flip-flop output triggers a one-shot that sets the RDO 
output pulse width. 
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WRITE MODE 

In Write Mode the SSI 34P553/5531 Pulse Detector 
section is disabled and preset for the following Read 
Mode. The digital circuitry is disabled, (RDO pin held 
high), the input AGC amplifier gain is held at its previ­
ous value and the AGC amplifier input impedance is 
reduced. 

Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 

The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 34P553/5531 and a head preamplifier such as 
the SSI 32R 1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 µs before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 

DATA SYNCHRONIZER SECTION 

The SSI 34P553/5531 is designed to perform data 
synchronization in rotating memory systems which uti­
lize a 1, 7 RLL and MFM encoding format. In the Read 
Mode the SSI 34P553/5531 performs Data Synchroni­
zation. The interface electronics and architecture of the 
SSI 34P553/5531 have been optimized for use as a 
companion device to the WD 42C22 controllers. 

The SSI 34P553/5531 can operate with data rates 
ranging from .6 to 1 .6 Mbit/s. This data rate is estab­
lished by a single 1 % external resistor, RR, connected 
from pin IREF to VPA2. This resistor establishes a 
reference current which sets the VCO center fre­
quency, the phase detector gain, and the 1 /4 cell delay. 
The value of this resistor is given by: 

RR= 50~7 -1.78(k.Q)MFM 

RR= 70~6 -1.78(k.Q)1,7 

Where: DR = Data Rate in Mbit/s 

An external TTL compatible reference may be applied 
to REFCLK 

The SSI 34P553/5531 employs a Dual Mode Phase 
Detector: Harmonic in the Read Mode and Non-Har­
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DLYD DATA pulse. In the Write and 
Idle Modes the Non-Harmonic Phase Detector is con-
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tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing a 
zero phase restart technique, false lock to DL YD DATA 
is eliminated. 

The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) 

The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 1 . 
RG is an asynchrouous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 

READ OPERATION 

The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develp the decode win­
dow. Read Gate, RG, initiates the PLL locking se­
quence and selects the PLL reference input; a high 
level (Read Mode) selects the Read Data input and low 
level selects the crystal reference oscillator. 

In the Read Mode the rising edge of DL YD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 5, DLYD DATA is a 1/4 cell wide 
(TVC0/2) pulse whose leading edge is defined by the 
leading edge of Read Data. VCO is generated from the 
rising edges of the VCO clock. By utilizing a fully 
integrated symmetrical VCO running at the code rate, 
VCO is insured to be accurate and centered symmet­
rically about the falling edges of DL YD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of VCO. 

Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DL YD DAT A pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra­
tion, window margin testing, error recovery, and sys­
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a µP port (WSL, WSD, WSO, WS1) as 
described in Table 2. In application not utilizing this 
feature, WSL should be left open or connected to 
VPA2, while WSD, WSO, and WS1 can be left open. 
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Window shifts in the range of ±5% to ±20% of TVCO 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 

TSA=0.25TVco(1 3260+R) 
5950+R 

Where: R is in n 
Pins RF and RS are intended to be used as a trim and 
should be restricted to ±3% window shifts. They can be 
used in conjunction with the digital control port. 

TABLE 1: Mode Control 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

In Non-Read Modes, the PLL is locked to REFCLK. 
This forces the VCO to run at a frequency which is very 
close to that required for tracking actual data and thus 
minimizes the associated frequency step during acqui­
sition. When RG transitions, the VCO is stopped mo­
mentarily, then restarted in an accurate phase align­
ment with the next PLL reference input pulse. By 
minimizing the phase alignment in this manner, the 
acquisition time is substantially reduced. 

POWER DOWN MODE 

A power down mode is provided to reduce power 
usage during the idle periods. Taking PDWN1 low 
causes the device to go into complete shutdown. 

MODE CONTROL 

The SSI 34P553/5531 circuit mode is controlled by the 
PDWN1, HOLD, RG, and WG pins as shown in 
Table 1. 

WG RG HOLD PDWN1 

0 0 1 1 Read Mode VCO Locked to XTAL 

0 1 1 1 Read Mode VCO Locked to Read Data 

0 x 0 1 Read Mode AGC gain held constant* 

1 0 x 1 Write Mode AGC gain held constant* 
Input impedance reduced 

x x x 0 Power shutdown mode 

* AGC gain will drift at a rate determined by BYP capacitor and Hold mode leakage current. 
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TABLE 2: Decode Window Symmetry Control 

Ts, NOMINAL WINDOW SHIFT 

AVERAGE 
OUTPUT CURRENT 

+TS3 

+TS2 

+TS1 

0 

-TS3 

-TS2 

-TS1 

0 

0ERROR 

WSD 

0 

0 

0 

0 

1 

1 

1 

1 

WS1 wso 
0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

AVERAGE 
OUTPUT CURRENT 

a) HARMONIC MODE b) NON-HARMONIC MODE 

Note 1) lo Is the magnitude of the charge pump current. 

2) Phase error is relative to the VCO period 

FIGURE 4: Phase Detector Transfer Function 
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READ DATA I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 

RD 

DLYD 
DATA------------' 

vco 

PHASEDEf 
ENABLE ----------~ 

FIGURE 5: Data Synchronization Waveform Diagram 

READ I 0 I 0 I 1 I 0 I READ I 0 I 0 I 1 I 0 I READ I 
DATA DATA DATA 

RD RD RD 

DLYD DLYD DLYD 
DATA DATA DATA 

vco vco vco 

(DECODE (DECODE 
NINDOW) WINDOW) 

(a) EARLY (b) NORMAL 

FIGURE 6: Decode Window 
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PIN DESCRIPTION 

NAME TYPE 

VPA1 I 
AGND1 I 
VPA2. l 

AGND2 I 
VPD I 
DGND I 
IN+, IN- I 

OUT+, OUT- 0 
DIN+, DIN- I 
CIN+, CIN- I 

DIF+, DIF- 1/0 
COUT 0 

DOUT 0 
BYP 1/0 
AGC I 
LEVEL 0 

HYS I 
TRKAA 0 

HOLD I 
EGC I 

VEGC I 

ADO 0 

IREF I 

FLTR 110 

DESCRIPTION 

Analog (+5V) power supply for pulse detector. 

Analog ground pin for pulse detector block. 

Analog ( +5V) supply pin for data synchronizer block. 

Analog ground pin for data synchronizer block. 

Digital (+5V) power supply pin. 
Digital ground pin. 
Analog signal input pins. 

Read path AGC Amplifier output pins. 

Analog input to the hysteresis comparator, and differentiator. 

Analog input to the clock comparator, differentiator. In the 34P553/5531, 
CIN+ is connected to DIN+, CIN- is connected to DIN-. 

Pins for external differentiating network. 

Test point for monitoring the flip-flop clock input. Pull down resistor 
required. 

Test point for monitori~ the f~fl~ D-i~t. Pull down resistor reg_uired. 
An AGC timil]l_ CC!Q_acitor or network is tied between this_p_in and AGND1. 

Reference input voltage for the read data AGC loop. 

Output from fullwave rectifier that may be used for input to the hysteresis 
comparator. 

Hysteresis level setting input to the hysteresis comparator. 

Full wave rectifier output. This output has the same DC level as the LEVEL 
pin, i.e.,:!> 0.3Vwith no AC signal and= 1V op with a 1V PP AC signal at DIN+/ 
DIN-. 

TTL compatible pin that holds the AGC gain when pulled low. 

External Gain Control. This is a TTL input pin that allows the AGC gain to 
be controlled by either BYP or the VEGC pin voltage. When AGE is high, 
the AGC gain is controlled by VEGC and the internal charge pump to BYP 
is disabled. 

The voltage at this pin is used to control the AGC gain when the EGC pin 
is held high. 

Read Data Output. This is the TTL output from the pulse detector. This 
signal may be fed directly into the ROT input. 

Timing program pin: theVCO center frequency, Phase Detector Gain and 
the 1/4 cell delay are a function of the current source into pin IREF. The 
current is set by an external resistor, RR connected from IREF to VPA2. 

Filter pin: the phase detector output and VCO input node. The loop filter 
is connected to this pin. 
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SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

PIN DESCRIPTION (Continued) 

NAME TYPE DESCRIPTION 

SRO 0 Synchronized Read Data: read data that has been re-synchronized to VCO clock. 

WSD I Window Symmetry Direction: controls the directions of the optional window symme-
try shift. Pin WSD has an internal resistor pull-up. 

wso I Window symmetry control bit: a low level introduces a window shift of 5% TORC 
(read reference clock period) in the direction established by WSD pin. WSO has an 
internal resistor pull-up. 

WS1 I Window Symmetry Control bit: a low level introduces a window shift of 15% TORC 
(read reference clock period) in the direction established by WSD. A low level at both 
WSO and WS1 will produce the sum of the two window shifts. Pin WS1 has an 
internal resistor pull-up. 

WSL I Window Symmetry Latch: used to latch the input window symmetry control bits 
WSD, WSO, WS1 into the internal DAC. An active low level latches the input bits. 

RF,RS I WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO, 
WS1. 

RG I Read gate: selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the internal RD± inputs. A low level selects the crystal 
reference oscillator, Pin RG has an internal resistor pullup. 

WG I Write Gate: enables the write mode. Pin WG has an internal resistor pullup. 

VCOCLK 0 VCO CLK: An open emitter ECL outputtest point. Two external resistors are required 
to perform this test. They should be removed during normal operation for reduced 
power dissipation. 

ROT I Read Data input. This TTL input comes from the ADO output of the pulse detector. 
This signal is active low. 

PDWN1 I Power Down input. When this input is low, the chip enters low power mode. This pin 
has an internal pullup resistor, and may be left open or tied high if not used. 

REF CLK I Reference Clock. This is a TIL input at the code rate that is used as the reference 
for the VCO in idle mode. 

vco 0 VCO output. This is the VCO signal converted to a TTL level. 

PLL_REF 0 PLL Reference Test Point. In write and idle modes, this is the reference oscillator 
signal. In read mode, it is the delayed read data (ORD) signal. This is an ECL level 
output. PLL_REF can be compared to VCOCLK to see the window centering 
accuracy. 
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SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 

ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.75V s VPA 2 s 5.25V, 25°C s Tj s 135°C, 1.2 MHz s 1fTVCO s 2.4 MHz. 

ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 

PARAMETER 

5V Supply Voltage, VPA 1, VPA2, VPD 

Pin Voltage (Analog pins) 

Pin Voltage (All others) 

Storage Temperature 

Lead Temperature (Soldering 10 sec.) 

RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 

PARAMETER CONDITIONS 

Supply Voltage (VPA 1, 2 & VPD) 

Tj Junction Temperature 

POWER SUPPLY 

PARAMETER CONDITIONS 

IVPA 1, 2 Supply Current Outputs unloaded 
IVPD PDWN1= high or open 

PDWN1 =low 
Outputs unloaded 

RATING 

6.0 

-0.3 to VPA1, 2 + 0.3 

-0.3 to VPD + 0.3 
or+12 mA 

-65 to 150 

260 

MIN NOM 

4.5 5.0 

25 

MIN NOM 

110 

44 

Pd Power dissipation Ta= 25°C, outputs unloaded 550 
PDWN1= hJg_h or ~en 

PDWN1 =low 220 
Outputs unloaded 

9-10 

UNIT 

v 
v 
v 

oc 
oc 

MAX UNIT 

5.5 v 
135 oc 

MAX UNIT 

143 mA 

57 mA 

790 mW 

315 mW 
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LOGIC SIGNALS 

PARAMETER CONDITION 

VIL Input Low Voltage 

VIH Input High Voltage 

Ill Input Low Current VIL= 0.4V 

Ill WG Input Low Current VIL= 0.4V 

llH Input High Current VIH = 2.4V 

VOL Output Low Voltage 10L=4.0 mA 

VOH Output High Voltage IOH = -400 µA 

VOHT Test Point 262Qto VPD 
402Qto GND 

Output High Level VPD = 5.0V 
PLL_ REF, VCOCLK VOHT-VPD 

VOLT Test Point 262Q to VPD 
Output Low Level 402Q to GND 
PLL_REF, VCOCLK VPD = 5.0V, VOHT - VPD 

* Output load 1s a 4K resistor to SV and a 1 O pf capacitor to DGND. 

MODE CONTROL 

Enable to/from PDWN1 
Transition Time 

Read to Write Transition Time 

Write to Read 
Transition Time 

HOLD On to/from HOLD Off 
Transition Time 

RG Time Delay 

READ MODE (WG is low) 

AGC AMPLIFIER 

Settling time of external 
capacitors not included, 
PDWN pin high to/from low 

WG pin low to high 

WG pin high to low 
AGC setting not included 

HOLD pin high to/from low 

MIN 

-0.3 

2.0 

0.0 

0.0 

2.4 

0.4 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

NOM MAX UNIT 

0.8 v 
VCC+0.3 v 

-0.4 mA 

-0.8 mA 

100 µA 

0.5 v 
v 

-.85 v 

-1.75 v 

20 µs 

1.0 µs 

0.9 1.6 µs 

1.0 µs 

100 ns 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN±. 
OUT± are loaded differentially with 340n x 2 to VPA 1, and each side is loaded with< 1 o pF to AGND1, and AC 
coupled to DIN±. A 0.1 µF capacitor is connected between BYP and AGND1. AGC pin is open. 

Gain Range 1.0 Vpp ~(OUT+) - (OUT-) 4 80 VN 
~3.0 Vpp 

AGC Input Range 25 250 mVpp 

Output Offset Voltage Variation Over entire gain range -500 +500 mV 

Maximum Output Set by BYP or VEGC pin 3.0 Vpp 
Voltage Swing 

Differential Input Resistance (IN+) - (IN-)= 100 mVpp 4 5.4 7.5 kn 
@2.5MHz 
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SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 

AGC AMPLIFIER (Continued) 

PARAMETER. 

Differential Input Capacitance 

Single Ended Input 

Impedance 

Input Noise Voltage 

Bandwidth 

OUT+ & OUT- Pin Current 

CMRR (Input Referred) 

PSRR (Input Referred) 

(DIN+) - (DIN-) Input 
Swing vs. AGC Input 
(DIN+) - (DIN-)= (VAGC - K1) • K2 

(DIN+) - (DIN-) Input Voltage 
Swing Variation 

AGC Voltage 

AGC Pin Input Impedance 

Slow AGC Discharge Current 

Fast AGC Discharg_e Current 

BYP Leakage Current 

Slow AGC Charge Current 

Fast AGC Charge Current 

Fast to Slow Attack 
Switchover Point 

CONDITION 

(IN+) - (IN-)= 100 mVpp 
@2.5MHz 

WG = low, IN+ or IN-

WG = high, IN+ or IN-

Gain set to maximum 

-3 dB bandwidth at 
maximum gain 

No DC path to AGND1 

(IN+)= (IN-)= 100 mVpp 
@ 5 MHz, gain set to max 

VPA1, 2 = 100 mVpp 
@ 5 MHz, gain set to max 

25 mVpp s (IN+) - (IN-) 
s 250 mVpp, HOLD = high, 
0.5 Vpp s (DIN+) - (DIN-) 
s 1.5 Vpp 

K1 

K2 

25 mVpp S (IN+) - (IN-) 
s 250 mVpp 

AGC open 

(DIN+) - (DIN-) = OV, 
AGCpinopen 

Starts at 0.9 µs after WG 
goes low, stops at 1.8 µs 
after WG goes low 

HOLD= low 

(DIN+) - (DIN-) = 0.563 voe, 
AGC pin open 

(DIN+) - (DIN-) = 0.8 voe, 
AGC pin open 

[( DIN+)- ( DIN - )) 

[(DIN+)-( DIN-)]FINAL 

9-12 

MIN NOM MAX UNIT 

5 10 pF 

2 2.7 3.8 kn 

160 250 n 

5 15 nV/v'Hz 

15 MHz 

2.5 4.0 mA 

40 dB 

30 dB 

0.5 0.8 0.95 v 
0.54 0.64 0.74 Vpp/V 

5.0 % 

2.0 2.3 2.6 v 
1.8 2.5 3.8 kn 

2.8 4.5 6 µA 

0.12 mA 

-0.2 +0.2 µA 

-0.11 -0.18 -0.25 mA 

-0.9 -1.4 -1.9 mA 

125 % 
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AGC AMPLIFIER (Continued) 

PARAMETER CONDITION 

Gain Decay Time (Td) (IN+) - (IN-) = 250 mVpp to 
125 mVpp@0.6 MHz, 
(OUT+) - (OUT-) to 90% final 
value 

(IN+) - (IN-) = 50 mVpp to 
25 mVpp at 0.6 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time WG = high to low 
(IN+) - (IN-) = 250 mVpp 
@ 0.6 MHz, (OUT+) - (OUT-) 
to 110% final value 

WRITE MODE (WG is high) 

PARAMETER CONDITION 

Single Ended Input IN+ or IN-
!!!:E_edance __{_Each Side) 

HYSTERESIS COMPARATOR 

MIN 

60 

190 

3 

MIN 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

NOM MAX UNIT 

100 180 µs 

300 550 µs 

8 15 µs 

NOM MAX UNIT 

160 250 n 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 0.6 MHz sine wave. 0.5 VDC is applied to the HYS pin. WG pin is low. 

Input Signal Range 1.5 Vpp 

Differential Input Resistance (DIN+) - (DIN-)= 100 mVpp 4 5 7 kn 
@0.6MHz 

Differential Input Capacitance (DIN+) - (DIN-)= 100 mVpp 4 8 pF 
@0.6MHz 

Single Ended Input DIN+ or DIN- 2 2.5 3.5 kn 
Impedance (Each Side) 

Level Pin Output Voltage 0.6 Vpp < (DIN+) - (DIN-) 0.85 1 1.15 VNpp 
vs. (DIN+) - (DIN-) < 1.5 Vpp, 1 OK between 

LEVEL and AGND 

Level Pin Output Impedance ILEVEL = 0.2 mA 100 200 300 n 
Level pin Maximum 1.5 mA 
Output Current 

Hysteresis Voltage at DIN± 0.3 V < HYS < 1.0V 0.32 0.36 0.44 VN 
vs. HYS Pin Voltage 

9-13 



SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 

HYSTERESIS COMPARATOR (Continued) 

PARAMETER CONDITIONS 

HYS Pin Current 0.3V<HYS<1.0V 

DOUT Pin Output Low Voltage 5 kn from DOUT to AGND2 

DOUT Pin Output High Voltage 5 kn from DOUT to AGND2 

ACTIVE DIFFERENTIATOR 

MIN 

0.0 

VPA2 
-2.5 

VPA2 
-2.0 

NOM MAX UNIT 

-5 µA 

VPA2 -2 VPA2 v 
-1.35 

VPA2-1.6 VPA2 v 
-1.1 

Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC-coupled, 
1.0 Vpp, 0.6 MHz sine wave. 1 oon in series with 265 pF are tied from DIF+ to DIF-. 

Input Signal Range 1.5 

Differential Input Resistance (CIN+) - (CIN-) = 100 mVp-p 8 10 14 
@2.5MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVp-p 5.0 
@2.5MHz 

Common Mode Input Impedance Both sides 2.0 2.5 3.5 

Voltage Gain From (DIF+ to DIF-) = 2 kn 1 
CIN±to DIF± 

DIF+ to DIF- Pin Current Differentiator impedance must ±0.7 
be set so as to not clip the 
signal for this current level 

COUT Pin Output Low Voltage 5 kn from COUT to GND VPA2 VPA2 -2 VPA2 
-2.5 -1.35 

COUT Pin Output High Voltage 5 kn from COUT to GND VPA2 VPA2-1.6 VPA2 
-2 -1.1 

COUT Pin Output Pulse Width 36 

WG;--~ WG--~ 

I 
Lown---~ 

I .s"" i-1 -----

Lown---~ I ·!¥& I.__ ___ _ 

Fast Dlschalgo Swttch r.s;;-1._ __ _ 
I 

----1..I __! 
l'-C ff2s% 

(DIN+-DIN·) I 
1.....-1 I 

-----1'1 
1 

I 
Fast Slow 
Charge Charge 

Figure A: AGC Attack Sequence 

Fast Oieoharge Switch r.s.;l!------
1 
I 

-----i-1.-/1 

---...... 1-.....1 
I Fast '+-I S-low-+1--­

Dlsch"'ll• Dlsch"'9e 

Figure B: AGC Decay Sequenoo 

FIGURE 7: AGC Timing Diagram 
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QUALIFIER TIMING (See Figure 8) 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

Unless otherwise specified, recommended operating conditions apply. Inputs (DIN+) -(DIN-) are an AC coupled, 
1.0 Vpp, 0.6 MHz sine wave. 1 oon in series with 265 pF are tied from DIF+ to DIF-. 0.5V is applied to the HYS 
pin. COUT and DOUT have a 5 kn pull-down resistor (for test purposes only.) WG pin is low. ADO is loaded 
with a 4 kn resistor to VPD and a 1 o pF capacitor to DGND. 

PARAMETER CONDITIONS MIN NOM 

Td1 D Flip-Flop Set Up Minimum allowable time 0 
Time delay from (DIN+) - (DIN-) 

exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 

Td3 Propagation Delay 60 

1Td3-Td41 Pulse Pairing 

Td5 Output Pulse Width 25 36 

V(CIN+)- (CIN-) 
and OVH-~-\-~~-+~-->r~+-~~-+-

V(DIN+)- (DIN-) 

DIFFERENTIATOR 
COMPARATOR OUTPUT 

VcouT 

RD TEST PT 
OUTPUT 

FIGURE 8: Read Mode Digital Section Timing Diagram 
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MAX UNIT 

ns 

110 ns 

6 ns 

55 ns 
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SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 

SYNCHRONIZER SECTION 

READ MODE 

PARAMETER 

TRVCO, VCO Output Rise Time 

TFVCO, VCO Output Fall Time 

TSRD, SRD Output Pulse Width 

TRSRD, Read Data Rise Time 

TFSRD, Read Data Fall Time 

TPSRD, SRD Output 
Setup/HoldTime 

TRD, RDT Input Pulse Width 

TFRD, RDT Input Fall Time 

TWVCO, VCO Output 
Pulse Width (Includes Effects of 
Window Shift) 

CONDITIONS 

0.8V to 2.0V, CL::<> 15 pF 

2.0V to 0.8V, CL::<> 15 pF 

0.8V to 2.0V, CL::<> 15 pF 

2.0V to 0.8V, CL::<> 15 pF 

Falling edge of VCO to 
either edge of SRD 

WINDOW SYMMETRY CONTROL CHARACTERISTICS 

PARAMETER CONDITIONS 

TWSS WSO, WS1, WSD 
Set Up Time 

TWSH WSO, WS1, WSD 
Hold Time 

DAT A SYNCHRONIZATION 

PARAMETER CONDITIONS 

TVCO VCO Center Frequency VCO IN= 2.7V 
Period TO= 83.8 (RR + 1.78), 

RR= 3k to 9k 
VPA2 =5.0V 

VCO Frequency 1.0V ::<> VCO IN::<> VPA2-0.6V 
Dynamic Range VPA2 = 5.0V 

KVCO VCO Control Gain coo= 27t/TO 
1.0V ::<> VCO IN::<> VPA2-0.6V 

KD Phase Detector Gain KD = 0.538 I (RR+500) 
VPA2,.; 5.0V 

9-16 

MIN NOM MAX UNIT 

8 ns 

5 ns 

(TVC0)-12 (TVC0)+12 ns 

10 ns 

8 ns 

-15 15 ns 

20 (TVC0)-20 ns 

15 ns 

.26TVCO .74TVCO ns 
-10 +10 

MIN NOM MAX UNIT 

50 ns 

0 ns 

MIN NOM MAX UNIT 

0.8TO 1.2TO ns 

±22 ±45 % 

0.16coo 0.25 coo rad/s V 

0.83 KD 1.17 KD A/rad 
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SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

DATA SYNCHRONIZATION (Continued) 

PARAMETER CONDITIONS MIN NOM MAX . KVCO x KO Product -28 +28 
Accuracy . VCO Phase Restart Error 12 

Decode Window -.02TVCO .02TVCO 
Centering Accuracy 

Decode Window 0.9TVCO 

TS1 Decode Window Time TWS1 = .05 TVCO TWS1 
Shift WSO = O; WSI = 1 

TS2 Decode Window Time TWS2 = .15 TVCO TWS2 
Shift WSO = 1; WSI = 0 

TS3 Decode Window Time TWS3 = .2 TVCO TWS3 
Shift WSO=O;WS"I =0 

TSA Decode Window Time 
TWSA=0.29TVco(1 3260+R) TWSA 

Shift 5950+R 
WSO = 1; WSI = 1 

• Not directly testable; design characteristics 

~ --------..J~.5V 1.5~~-------
WSD ~ 

vco 

SRO 

1-TWss+TWsH-J 
1.5V 

FIGURE 9: Window Symmetry Control Timing 

1.5V 

l;'SR~I 
2.0V 

1.5V 
o.sv 
'-------

i.f4----TSRD----•.il 
-.j ~ -.j ~ TRSRD TRSRD 

FIGURE 10: Read Mode Timing 
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UNIT 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 

vco 

TRVCO TFVCO 

~ ~ ~~ 
j+--rwvco-+! 

2.0V 
1.5V 

o.sv 
1.5V 

I_,.. ____ TVCO ----•I 

FIGURE 11: vco Timing 

APPLICATIONS INFORMATION 

The SSI 34P553/5531 PLL uses a new architecture 
which incorporates an accurate quarter cell delay circuit. 
The standard architecture of a data synchronizer PLL 
is shown in Figure14A. In read mode, the rising edge of 
the quarter cell delay enables the phase detector, and 
the falling edge is locked to the VCO. Ideally, the 
quarter cell delay enables the phase detector one half 
of an encoded bit cell time before the phase comparison 
takes place. A data bit could then shift early or late by 
one half of an encoded bit cell time before a phase 
detector output error would occur. If the quarter cell 
delay is not exactly one half of an encoded bit cell time, 
a phase detector error will occur when the read data 
shifts by an amount that is smaller than one half of an 
encoded bit cell time when shifting in one direction and 
an amount larger than one half of an encoded bit cell 
time in the other direction. In addition, when an error 
occurs, the resulting charge pump output goes from 
maximum output one way to maximum output the other 
way. This can cause loss of lock to occur. The timing is 
shown in Figure 15. 

The SSI 34P553/5531 achieves an accurate quarter 
cell delay time by using the VCO control voltage to 
compensate the quarter cell delay one-shot circuit for 
process, temperature and power supply induced 
timing variations. The modified architecture of the SSI 
34P553/5531 data synchronizer is shown in Figure 
16B. Because the quarter cell delay liming is adjusted 
by the VCO control voltage, there is an effect on the 
PLL transfer function due to the new quarter cell delay 
circuit. 

9-18 

The quarter cell delay circuit produces a time delay 
output in response to a voltage input. In order to include 
this function in a phase-locked loop, the time delay 
function must be converted into a phase function. This 
is straightforward, since a time delay is equivalent to a 
phase angle. The equivalent phase representation of 
the quarter cell delay is derived below. 

For the VCO: K - dooo 
0 - dV 

(1 a) 

dT0 d ( 1 ) 1 df0 _ 'I 2 dfo T0 2 dw0 
dV; dV J;; ; - fo2 dV - - o dV;-2;-dV (1b) 

where: 
K0 = VCOgain 
000 = VCO center frequency (rad/s) 
f 0 = VCO center frequency (Hz) 
T0 = VCO center frequency (sec) 

For the quarter cell delay, 

K _ dq0 _ 21t dT0 _ T dw 0 _ T K - -a- -a - -a 
where: T - dV - To dV - o dV - o o 

00 = Phase due to quarter cell delay circuit 
T0 = VCO center frequency period 
T 0 = Quarter cell delay time 
a = T JT0 = 0.5 for the 32P548 

The gain of the quarter cell delay block is constant in 
the SSI 34P553/5531, regardless of the values of other 
components. 

For the SSI 34P553/5531, the nominal value of Kr is 
0.171t. 
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PLL TRANSFER FUNCTION 

There are two modes of operation of the PLL, and two 
transfer functions. In write and idle modes, the PLL is 
locked to the reference oscillator, and the quarter cell 
delay does not enter into the transfer function. In read, 
mode, the PLL is locked to read data, and the quarter 
cell delay is included in the transfer function. In addi­
tion, the effective loop gain of the PLL increases in idle 
mode due to the phase detector. This will be explained 
later in more detail. 

The transfer functions for read and idle modes are 
given in (3) and (4), respectively. 

where: 

80 (s) 

Br(s) nK0 KdF(s) 
1+nK TKdF(s) +-=-"'-'-'­

S 

Bo(s) 

Br(s) 

Kr = Quarter cell delay one-shot gain 

K0 = VCOgain 

Kd = Phase detector gain 

F(s) = Loop filter transfer function 

n = Ratio of input freq. to reference freq. 

(3) 

(4) 

In (3) the K term in the denominator is a result of the 
quarter cell delay. Substituting Kr= aK0 T 0 into (3), 

nK0 KdF(s) 
Bo(S) S 

Br(s) 1+(1-saTo) nK0 KdF(s) 
s 

The additional -saT0 term in the denominator due to 
the quarter cell delay introduces positive feedback. 
However, the gain of the positive feedback is always 
less than one, so there is no instability. The additional 
term is not always negligible, and must be taken into 
account in the loop analysis and design. 

Two loop filter configurations, shown in Figure 12, will 
be considered. Both filters result in a second ordertype 
2 loop transfer function, with only minor differences in 
the loop equation. 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

C1 _l_ 

(b) 

FIGURE 12: Loop Filter 

The transfer function of the loop filter for a charge­
pump PLL is the transimpedance, VJli (s). where 
V 0 (s) is the output voltage, and Ii (s) is the input 
current. The transfer functions of (a) and (b) are given 
by: 

Fa(s) (6) 

For loop filter (a), C2 is normally chosen to be much 
smaller than C1 so that it does not affect the loop 
transfer function significantly. Assuming that C1 ., C2 

and sR1C1 "1 atthefrequenciesof interest, (6) reduces 
to: 

(8) 

For loop filter (b), C2 is normallly chosen to be much 
smaller than c, so that it does not affect the loop 
transfer function significantly. Assuming that C, ., C2 

and that sR1C2 " 1 at the frequencies of interest, (7) 
reduces to: 

~(s) sR1C1 +1 
sC1 

(9) 

Equations (8) and (9) are the same, and either loop 
filter may be used. Substituting (8) into (3) gives: 

(10) 

nKoKd ( sR1C1+1) 
90 (s) _ C1 (1-aT0nK0 KdR1) 

Or(s) 2 nK0Kd (R aT0 ) nK0Kd 
s +s1-aT0 nKoKdR1 1-(51 + C1(1-aT0nK0 KdR1) 
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SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 

This is in the form of a standard second order transfer 
fucntion. The denominator has the form: 

D(s) = s2 + 2Cmns + 00n2 (11) 

where: C =damping factor 
m. = natural frequency 

The damping factor and natural frequency of (1 O) can 
be extracted: 

nKoKd (12) 

mn= C1(1-aT0nK0KdR1) 

(13) 

Substituting (8) into (4) gives the transfer function for 
idle mode: 

(14) 

Again, this is in the form of a second order transfer 
function. The damping factor and natural frequency are 
found to be: 

(15) 

R 1 r:-:-----::-
C =2..JnK0KdC1 

(16) 

To design the loop for proper read mode operation 
using (12) and (13), R, and C, must be found in terms 
of the damping factor and natural frequency. 

To do this, first find tJron. then solve for R1C1. 

R1C1 =3.f.+aTo 
Wn 

(17) 

Substitute this value for R1C1 into the equation for m0 

and solve for C1. 

nK0Kd (2' ) (18) 
CF~+aTonKoKd Wn +aTo 

Now that C1 is known, R1 can be found by dividing (17) 
through by C1• 

(19) 
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EXAMPLE 1 

Assumethatthedata rate is0.6 Mbit/s, C=0.7, a length 
of 20 2T patterns for the loop to lock is used, and 
m.t= 5.7 for error< 1%. 

n = 0.5 due to the 2T pattern. 
1 1 

T0 =- = ---6 = 833ns 
fo 1.2•10 

m0 = 21t / 0 = 21t (1.2 • 106) = 7.54 • 106 rad/s 

no= o.5 
For the SSI 34P553: RR= 5~~ -1. 79(kQ) = 8.17kn 

where DR = Data Rate in Mbit/s 

K =017 =128•10srad/sec 
0 · mo · Volt 

K 0·62 = 71.51-10...s A/rad 
d RR+500 

Kr= 0.171t = 0.534 

Assuming a length of 20 2T patterns, then: 
t = (20) (2) (833) ns = 33.3 µs 

mn=~ = 1.71 •105 rad/s 
33.3µs 

C1 =1565 pF + 165.6 pF = 1.73 nF 

R1 =5.02 kn 

The resulting loop filter is shown in Figure 13. 

C1 ,L, 
1.73nF~ _L c2 

R1 u173pF 
5.02k0 

FIGURE 13 

The value of C2 = C1/10 is chosen to damp out 
transients on the FIL T pin and meet the requirement 
C2" C1. 

When the loop locks to the reference oscillator in idle 
mode, the looptransferfunction is given by(14), andmn 
and C are given by (15) and (16). R1 and C1 from 
Example 1 can be substituted into these equations to 
find the resulting natural frequency and damping factor 
in idle mode. 
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READ 
DATA 

REF. 
osc. 

MODE 

X CELL 
DELAY 

LOOP 
FILTER 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

FIGURE 14A: Standard Configuration of a Data Synchronizer Phase-Locked Loop 

IDEAL READ 
DATA PULSE 

ACTUAL READ 
OAT A PULSE 

QUARTER CELL 
DELAY OUTPUT 

vco 

+lo 

PHASE DETECTOR 
·----------------1 

' ----------------~ 

LOOP 
FILTER 

F(s) 

vco 
Ko 
s 

FIGURE 148: Phase-Lock Loop System Representation 

PHASEDEbD~i~ 0 ---------~ 
·lo 

FIGURE 15A: Phase Detector Timing with Ideal Quarter Cell Delay. For an ideal pulse (1 ), there is no phase 
detector output. When a pulse is shifted late (2) or early (4) by less than the quarter cell delay time, the phase 
detector output is negative or positive, respectively. When the read data is shifted late (3) or early (5) by more than 
the quarter cell delay lime, a phase detector output polarity error occurs. In this case, the output polarity becomes 
positive for a late shifted pulse and negative for an early shifted pulse. 
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SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 

REAODATA _n__ 

QUARTER CELL 1----i 1----i 
DELAYQUTPUT ___J L___ ___J l.____ 

CASE 1: DELAY OUTPUT IS EXACTLY 

h BIT CELL T1 • T2 

____J,:L____ 
T1 :<110'4 2 IO: 

~ 
CASE 2: DELAY OUTPUT IS GREATER THAN 

Y. BIT CELL TIME. T 1 < T 2 

CASE 3: DELAY OUTPUT IS LESS THAN 

~ BITCEU. TIME. T1 > T2 

FIGURE 158: Timing of Phase Detector Enable Logic. The read data input pulse can shift to the left by T1 and 
to the right by T2 before an error occurs in the phase detector output polarity, If the quarter cell delay output is not 
exactly 1/4 bit cell wide, then T1 ~ T2, as shown in cases 2 and 3. 

READDATA 

REFOSC 

MODE 
CONTROL 

DELAY 
CONTROL 

;J.-.1 CELL 
DELAY 

LOOP 
FILTER 

FIGURE 16A: Modified Data Synchronizer Phase-Locked-Loop with Quarter Cell Delay Control 

Quarter Cell 
Delay Gain 

Phase Detector 
I- - - - - - - - - - - - - -. 

' 
LOOP 

FILTER 
F(s) 

vco 
Ko 
s 

FIGURE 168: Modified Data Synchronizer System Representation 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

~ ~ 
c t! ~ i ;;!; ~ ~ i ;;!; ~ 
z 

~ ~ 5 5 ~ 0 0 

OIF+ 

DIF-

VPA1 EGC 

DOUT 

COUT TRKM 

VPA2 AGND2 

34P553 mlT N/C 

N/C N/C 

31 REF CLK N/C 16 

N/C DGND N/C 17 

1'l5WITT 11 VPD l'OWITT 18 

WG FLTR WG 

N/C 27 IREF N/C 
15 16 17 18 19 20 21 22 23 24 25 26 

8 
.., 

ffi ~ 
"- ~ ~ ~ ~ ~ 

0 "- U) 
a: w fl! a: a: > a: 0 

:J' ~ .. 
52-Pln QFP 

ORDERING INFORMATION 

.. 
>- i ID 

7 B 

22 

8 l!1 
> 

c g z 
;;!; 

.., .. .. 
5 4 3 

SSI 34P553/5531 
Pulse Detector & 

Data Synchronizer 

,!: ,.._ 
~ + .!: .!: ~ ~ ::> ::> z 

~ 0 0 (j 0 (j 0 r 

2 1 52 51 50 49 

0 
DIF+ 

DIF-

VPA1 

OOUT 

COUT 

41 VPA2 

34P5531 mlT 

N/C 

REF CLK 

OGNO 

VPD 

FLTR 

IREF 
23 24 25 26 27 28 29 30 31 32 

ffi ~ 
"- § ~ ~ ~ ~ 0 "- "' w fl! a: a: a: 
:J' .. > 

52-Pin QFP 

PART DESCRIPTION I ORDERING NUMBER I PACKAGE MARK 

SSI 32P553 Pulse Detector & Data Synchronizer 

52-Pin QFP I 32P553-CG I 32P553-CG 

SSI 32P5531 Pulse Detector & Data Synchronizer 

52-Pin QFP I 32P5531-CG 1 32P5531-CG 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 

1291-rev. 9-23 ©1991 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 34R575 device is a bipolar monolithic inte­
grated circuit used in floppy disk systems for head 
control and write, erase, and read selectfunctions. The 
device has either two or four discrete read, write, and 
erase channels. Channel select inputs are ITL com­
patible. The SSI 34R575 device requires +5 V and 
+ 12 V power supplies and is available in 18-pin 
(2-channel version) or 24-pin (4-channel version) dual 
inline packages. 

BLOCK DIAGRAM 

WG WC Voo 

ti 
REGULATOR 

CUA RENT MIRROR 

:'o::::o: 

OX READ 
POST 

DY [ "'" 

WO MTA DIFFERENTIAL 
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ANO 

Vee WAITE 
OAIVERS 

('4 CHANNELS} 

I 
EO 

,_rvv-
El 

~., ERASE 

~ 
DRIVERS 

L.rvYL.f 
m I 

HSO [ 
HEAD 

SELECT 
HSI 

Iii 
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SSI 34R575 
2 or 4-Channel Floppy Disk 

Read/Write Device 

November 1991 

FEATURES 

• Operates on +5 V, +12 V power supplies 

• TWO or four channel capability 

• ITL compatible control Inputs 

• Read/Write functions on one-chip 

• Internal center tap voltage source 

• Supports all disk sizes 

• Applicable to tape systems 

PIN DIAGRAM 

VCT E2 24 E1 

E3 2 23 EO 

VDD 3 22 HOX 

GND 4 21 HOY 

t 20 H1X 

HS1 6 19 H1Y 

m 
~ HOY 

HSO 7 18 H2X 

DY 8 17 H2Y 

DX 9 16 H3X 

rn-. WIT 10 15 H3Y 

Vee 11 14 VCT 

,... 
HIV WD 12 13 WC 

\I 

·lb ·.· . 

illb 
H3Y 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSl34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 

FUNCTIONAL DESCRIPTION 

The SSI 34R575 functions as a write and erase driver 
or as a read amplifier for the selected head. Two TTL 
compatible inputs are decoded to select the desired 
read/write and erase heads. Head select logic is 
indicated in Table 1. Both the erase gate (EG) and 
write gate (WG) lines have internal pull up resistors to 
prevent an accidental write or erase condition. 

MODE SELECTION 

The read or write mode is determined by the write gate 
(WG) line. The input is open collector TTL compatible. 
With the input low, the circuit is in the write mode. With 
the input high (open), the circuit is in the read mode. In 
the read mode, or with the +5 V supply off, the circuit will 
not pass write current. 

ERASE 

The erase operation is controlled by an open collector 
TTL compatible input. With erase gate (EG) input high 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

Vee +5V 

VDD +12V 

(open) or the +5 V supply off, the circuit will not pass 
erase current. With EG low, the selected open collec­
tor erase output will be low and current will be pulled 
through the erase heads. 

READ MODE 

With the WG line high, the read mode is enabled. In the 
read mode the circuit functions as a differential ampli­
fier. The state of the head select input determines 
which amplifier is active. When the mode or head is 
switched, the read output will have a voltage level shift. 
External reactive elements must be allowed to recover 
before proper reading can commence. A current 
diverting circuit prevents any possible write current 
from appearing on a head line. 

WRITE MODE 

With the WG line low, externally generated write cur­
rent is mirrored to the selected head and is switched 
between head windings by the state of the write data 
(WO) signal. 

HOX-H3X X, Y head connections 
HOY-H3X 

DX,DY X, Y Read Data: Differential read signal out 

WG Write gate: sets write mode of operation 

we Write current: current mirror used to drive floppy disk heads 

WO Write data line 

EG Erase gate: allows erasure by selected head 

EO-E3 Erase head driver connections 

HSO-HS1 Head select inputs 

GND Ground 

VCT Center Tap Voltage Source 
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SSI 34R575 
2 or 4-Channel Floppy 

Disk Read/Write Device 

TABLE 1: HEAD SELECT LOGIC 

4-CHANNELS 

HS1 HSO HEAD 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

2-CHANNELS 

HS1 HEAD 

0 0 

1 1 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(Operating above absolute maximum ratings may damage the device.) 

PARAMETER RATING UNIT 

DC Supply Voltage: Vee 6.0 v 
Vdd 14.0 v 

Write Current 10 mA 

Head Port Voltage 18.0 v 
Digital Input Voltages: DX, DY, HSO, HS1, WO -0.3 to+ 10 v 

EG,WG -0.3 to Vee+ 0.3 v 
DX, DY Output Current -5 mA 

VCT Output Current -10 mA 

Storage Temperature Range -65 to+ 150 oc 
Junction Temperature 125 oc 
Lead Temperature (Soldering, 10 sec.) 260 oc 

9-27 



SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 

RECOMMENDED OPERATING CONDITIONS (0°C<Ta<50°C, 4.7 V<VCC<5.3 V, 11 V<VDD<13 V) 

PARAMETER CONDITIONS MIN NOM MAX 

Vee Supply Current 

Read mode Vee MAX 15 

Write mode Vee MAX 35 

Voo Supply Current 

Read mode VooMAX 25 

Write mode VDDMAX 15 

Write Current 5.5 

ERASE OUTPUT 

PARAMETER CONDITIONS MIN NOM MAX 

Erase' On Voltage IE =80 mA 0.7 1.3 

Erase Off Leakage 100 

LOGIC SIGNALS 

PARAMETER CONDITIONS MIN NOM MAX 

Head Select (HSO, HS1) and Write Data (WD) 

Low Level Voltage -0.3 0.8 

High Level Voltage 2.0 6.0 

Low Level Current V1N = O volts -1.6 

High Level Current V1N = 2.7 volts 40 

WRITE GATE (WG) and ERASE GATE (EG) 

Low Level Voltage -0.3 0.81 

High Level Input Current -300 

Low Level Current V1N = 0 volts -2.0 
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UNIT 

mA 

mA 

mA 

mA 

mA 

UNIT 

voe 
µA 

UNIT 

voe 
voe 
mA 

µA 

voe 
µA 

mA 
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READ MODE 

PARAMETER CONDITIONS 

Differential Gain f = 100 kHz, Vin= 5 mV Rms 

1--· 
RL = 10 kn 

Bandwidth Vin= 5 mVRms 
RL = 10 K CL = 15pF 

Input Voltage Range for 95% f = 100 kHz, RL = 10 K 
Linearity 

Differential Input Resistance f = 1 MHz 

Differential Input Capacitance f = 1 MHz 

Input Bias Current 

Input Offset Voltage 

Output Voltage, Common Mode 

Output Resistance 

Output Current Sink 

Output Current Source 

Common Mode Rejection Ratio f = 1 MHz (input referred) 

Power Supply Rejection Ratio f = 1 MHz (input referred) 

Channel Separation f = 1 MHz (input referred) 

Input Noise BW = 100 Hz to 1 MHz, 
z Source= O 

WRITE MODE 

PARAMETER CONDITIONS 

Write Current Gain IW=5.5 mA 

Write Current Voltage Level IW=5.5 mA 

Differential Head Voltage IW=5.5mA 

Unselected Head Current IW=5.5 mA 
DC Condition 

Write Current Unbalance IW=5.5 mA 

Write Current Time Symmetry IW=5.5 mA 

Read Amplifier Output Level 

Center Tap Voltage (Read and Write Modes) 
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SSI 34R575 
2 or 4-Channel Floppy 

Disk Read/Write Device 

MIN NOM MAX UNIT 

80 100 120 VN 

9 MHz 

25 mVpp 

100 kQ 

10 pF 

25 µA 

12 mV 

8 voe 
35 Q 

2 mA 

3 mA 

50 dB 

50 dB 

50 dB 

7 µVRMS 

MIN NOM MAX UNIT 

.97 1.05 AJA 

1.2 2.1 voe 
12.5 voe 

0.1 mA 

1 % 

±10 ns 

10.5 voe 
8.5 voe 



SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 

SWITCHING CHARACTERISTICS 

PARAMETER 

Write and Erase 
Gate Switching Delay 

Head Select Switching Delay 

Head Current Switching Delay 

Head Current Switching Time 

Write to Read Recovery Time 

WO 

HEAD 
CURRENT 

CONDITIONS 

Delay to 90% of Write Current 

T1 in Fig. 1 

IW = 5.5 mA Shorted Head 

MIN 

FIGURE 1: Head Current Switching Delay 
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NOM MAX UNIT 

1 µsec 

1 µsec 

10 nsec 

10 30 nsec 

2 µsec 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

E2 24 E1 

E3 2 23 EO 

vDD 3 22 HOX 

GND 4 21 HOY 

EG 5 20 H1X 

HS1 6 19 H1Y 

HSO 7 18 H2X 

DY 8 17 H2Y 

DX 9 16 H3X 

WG 10 15 H3Y 

Vee 11 14 VCT 

WD 12 13 WC 

24-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 34R575 24-Pin DIP 

SSI 34R57518-Pin DIP 

SSI 34R575 
2 or 4-Channel Floppy 

Disk Read/Write Device 

H1Y 18 N/C 

H1X 2 17 VCT 

HOY 3 16 WC 

HOX 4 15 WO 

EO 5 14 Voo 

E1 6 13 WG 

Vee 7 12 DX 

GND 8 11 DY 

EG 9 10 HS1 

18-Pln DIP 

ORDER NO. PKG.MARK 

34R575-4CP 34R575-4CP 

34R575-2CP 34R575-2CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc .. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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DESCRIPTION 

The SSI 348580 device is a bipolar integrated circuit 
that serves as an input/output port expander for an 
8084 type microprocessor based floppy disk drive 
system. The device consolidates functions normally 
performed by a variety of LSTTL, SSI, AND MSI 
devices. The combination of an SSI 34P570 (read, 
write, and erase device), an 8048 type microprocessor, 
and the SSI 348580 provides the majority of electron­
ics required for a SA400 type floppy disk drive system, 
including host interface bus driver and receiver. In 
addition to its port expansion function, the SSI 348580 
processes system data and provides both pulse width 
and delay control (adjustable by external elements) for 
the INDEX SENSOR input. The device requires a 
single +5 V power supply and is available in a 28-pin 
package. 

"""'[ 

lllll[ 

TRACK 0 SENSOR ( 

WR PROT SENSOR ( 

NJEX SENSOR ( S 0 

voe 

GNl 

R<:W WIDTH 

RDOATAIN 
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FEATURES 

SSI 348580 
Port Expander 

Floppy Disk Drive 

July 1990 

• Reduces package count in flexible disk drive 
systems 

• Replaces bus Interface and combinational 
logic devices between the SSI 34P570, on 
board microprocessor and mechanical Inter­
faces 

• Surface mount available for further real 
estate reduction 

• Provides drive capability for mechanical and 
system Interfaces 

" 

J ... 
j P21 

P22 

J 1'23 

J wm 

GNl 

') 

)I1 IVllXl£ 

::i .._.... 
J EDV 

J Wll'l'ROT 

....... 

PIN DIAGRAM 

... 28 P22 

Vee 27 P21 

WlmE1ll 26 P20 

ll!!mllrnll 25 NOT USED 

1llR 24 WRl'llllT 

m 23 1!EXlW 

.,,,,.. 
22 TmlR'll' 

PROO 21 GND 

WR PROT SENSOA 20 WllltTE 

TRACK 0 SENSOR 10 19 'RllElr 

l\IDEXSENSOR 11 18 mrnro:mT 

GND 12 17 RD DATA IN 

WCD 13 16 T1 

wcw 14 15 wm 

CAUTION: Use handling procedures necessary for 
a static sensitive component. 
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SSI 348580 
Port Expander 
Floppy Disk Drive 

FUNCTIONAL DESCRIPTION 

PORTS 

The SSI 348580 has two 4-bit input ports, Port A and 
Port B. Port A receives data from the host interface bus 
for conveyance to the drive's read/write circuitry and to 
the microprocessor. Three sensors report the status of 
the drive to the 348580 via Port B. Common to both 
ports is a drive select (DS) signal from the host inter­
face bus. This allows the hostto address separate disk 
drives. There is also a 4-bit bidirectional port on the 
S~I 348580. This is port 2 and it can be used by the 
microprocessor to write to or read from the 
SSI 348580. 

READ MODE 

Ports A and B can be read by a microprocessor via Port 
2. This allows the microprocessor to obtain data from 
the host interface bus and the status sensors. The 
PROG signal from the microprocessor provides the 
timing for the operation. First an OP code and a port 
address must be placed on Port 2 (see Table 1), then 
latched in on the falling edge of PROG. When the OP 
code and addresses have been decoded the desired 
input port is selected and output on Port 2. The 
op~ration is terminated by the rising edge PROG, 
which returns Port 2 to the input mode. 

WRITE MODE 

In the write mode the microprocessor passes system 
param~ters to the SSI 348580 for logic processing and 
outputting. Table 2 shows how each bit of Port 2 affects 
the SSI 348580. A logic one on the zero bit of Port 2 
~ill reset the index latch. P21, qualified by the DS 
signal, sends a ''this drive ready" signal from the 
microprocessor the the host interface bus. Similarly 
P22 is DS qualified and sent to the host as a signal that 
the head is positioned over track 0. P23 is used in the 
logic that sends a R/W signal to the drive's read/write 
circuitry. The write mode occurs when the proper OP 
code and address is placed on Port 2 and latched in on 
the falling edge of PROG (see Table 2). The micropro­
cessor writes in the data on PROG's rising edge. 

9-34 

INDEX PULSE 

An optical sensor connected to the INDEX SENSOR 
pin detects the diskette's index marker. The state of the 
index sensor is latched into the SSI 348580 and is 
available to be read by the microprocessor on P22. 
The latch may be reset by writing a one to P20 from the 
microprocessor. The pulse received from the sensor 
also drives the host interface signal INDEX, the width 
and delay of which can be controlled by external R/C 
circuits. The time constant attached to the RIC D pin 
determines the delay from the INDEX SENSOR input 
to the INDEX signal on the host interface bus. The 
equation for the delay is Td = 0.59Rd x Cd (seconds). 
The width of the INDEX signal is determined by the 
circuit attached to the RIC W pin and the equation Tw 
= 0.59Rw x Cw (seconds). 

INTERRUPT 

The INTR signal is asserted every time a step com­
mand is issued to the drive on the host interface bus. 
Thus when INTR is tied to the interrupt pin of 8048 type 
microprocessor, an interrupt service routine will be 
executed on each step command. This routine typi­
cally obtains information on the direction the heads 
should move and the status of the track O sensor to use 
for generating the stepper motor control signals. The 
interrupt signal is cleared (set high) by first placing the 
the proper OP code and address on Port 2 (seeTable 
2). This is latched in on the falling edge of PROG, then 
on its rising edge logic ones on P20 and P21 will be 
latched in to set INTR back to a high state. Note that 
an indeterminate operation will result from holding the 
INDEX SENSOR latch reset (holding P20 high). 

T1 PIN 

This signal changes state with the STEP command of 
the host interface bus when the drive is selected. It 
drives the T1 pin on an 8048 type microprocessor 
which is an input to a counter. The 8048 can use this 
count and the DIR signal read from Port 2 of the 
SSI 348580 to monitor the head position and issue a 
CB (current boost) command to the SSI 34P570 when 
a specific track is reached. 

0790- rev. 



INPUT TO PORT2 READ FROM PORT 2 

OP 
Code Addr. 
P22 P20 P23 P22 P21 

0 0 DS Index WR 
Sensor Sensor 
Latch 

0 1 OS WGATEIN MOTOR ON 

TABLE 1: Read Mode 

INPUT TO PORT2 DATA PROCESSED FROM PORT 2 

OP 
Code Addr. 
P22 P20 WGATE TRAC KO READY 

1 0 z (P22•DS) (P21•DS) 

1 1 

Where Z = (P23 •WR PROT SENSOR)+ (OS• WGATEIN) 

TABLE 2: Write Mode 

~ TAGG 

PORT2 OUTPUT VALID 

FIGURE 1: Timing Diagram 
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SSI 348580 
Port Expander 

Floppy Disk Drive 

4-BIT 

Input 
Port 

P20 

Track 0 B 
Sensor 

DIR A 

Index 
Latch 

INTR Reset 

P20 

See 
Text 

TOR 

II 



SSl348580 
Port Expander 
Floppy Disk Drive 

PIN DESCRIPTIONS 

NAME TYPE 

P20 - P23 1/0 

WGATE IN I 

MOTOR ON I 

DIR I 

DS I 

INDEX SENSOR I 

WR PROT SENSOR I 

TRACK 0 SENSOR I 

STEP I 

T1 0 

RD DATA IN and 1/0 
RD DATA OUT 

WGATE 0 

INDEX 0 

TRACKO 0 

READY 0 

WR PROT 0 

PROG I 

INTR 0 

R/C D and R/C W 

Vee 

GND 

DESCRIPTION 

4-bit bidirectional port, referred to as Port 2. 

This input command to write is asserted by the host interface bus. 

This input command to tum on the spindle motor comes from the 
host interface bus. 

Input from the host interface bus selecting the direction in which the 
stepper motor should move the head. 

Drive Select 

Input from the photodiode that indicates the index marker in the 
diskette. 

Input from the photodiode that indicates if the diskette is write 
protecteq. 

Input from the photodiode that detects when the head is positioned 
over track 0. 

Input from the host interface bus indicating that the head should be 
moved. 

This pin changes state when a STEP command is received from the 
host interface bus. 

Read data path 

Output to the disk drive's read/write circuitry. 

Output to the host interface bus indicating index sensor status. 

Output to the host interface bus indicating track 0 sensor status. 

Output to the host interface bus indicating track O sensor status. 

Output to the host interface bus indicating write protect sensor 
status. 

Input from the 8048 microprocessor for 1/0 control of the 
SSI 348580. 

Output to the interrupt pin of the 8048 microprocessor. 

The external resistor and capacitor networks tied to these pins 
determine the delay and width of the output pulse to the INDEX pin. 

+5 V supply 

Ground 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (All voltages referred to GND) 

SSI 348580 
Port Expander 

Floppy Disk Drive 

Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNIT 

DC Supply +7 VDC 

Voltage Range (any pin to GND) -0.4 to+ 7 VDC 

Power Dissipation 700 mW 

Storage Temperature -40 to+ 125 oc 
Lead Temperature (10 sec soldering) 260 oc 

ELECTRICAL CHARACTERISTICS 
(Unless otherwise specified, 4.75 ~Vee~ 5.25 VDC; 0°C <Ta< 70°C) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Totem pole outputs (P20 - P23, INTR, T1) 

Output High Voltage IOH = -400 A 2.5 v 
Output Low Voltage IOL = 2 mA 0.5 v 
Open collector outputs (RD DATA OUT, INDEX, WGATE, TRACKO ,READY, WR PROT) 

Output High Current VOH = 5.25V 250 µA 

Ou!E_ut Low Volt<!Q_e 10L=48 mA 0.5 v v 
Inputs (P20- P23, PROG, RD DATA IN) 

Input High Voltage 2.0 v 
Input Low Voltage 0.8 v 
Input Low Current VIL= 0.5 V -0.8 mA 

Input High Current VIH = 2.4 V 40 µA 

ln~t Current Vin= 7.0 V 0.1 mA 

Schmitt - Trigger Inputs (WGATE IN, MOTOR ON, DIR, DS, STEP) 

Threshold Voltage Positive Going, Vee= 5.0 V 1.3 2.0 v 
Negative Going, Vee= 5.0 V 0.6 1.1 v 

H_y_steresis Vcc=5.0V 0.4 v 
Input High Current VIH = 2.4 V 40 µA 

Input Low Current VIL= 0.5 V -0.4 mA 

Input Current VIN= 7.0 V 0.1 mA 
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SSl34B580 
Port Expander 
Floppy Disk Drive 

High Impedance Inputs with Hysteresis ( WR PROT SENSOR, TRACK 0 SENSOR, INDEX SENSOR) 

PARAMETER CONDITION MIN NOM MAX UNIT 

Input High Voltage 2.0 v 
Input Low Voltage 0.8 v 
Hysteresis 0.2 v 
Input Current Vin= Oto Vee -0.25 mA 

TIMING CHARACTERISTICS (Unless otherwise specified; Ta= 25°C; 4.75V :'>Vee:'> 5.25V; CL= 15 pf.) 

PARAMETER CONDITION MIN NOM MAX UNIT 

Propagation Delay Time RD DATA IN to RD DATA OUT 35 ns 

DS to WGATE, TRACK 0 READY 80 ns 
WR PROT,RD DATA, INDEX 

PROG to INTR, WGATE, TRACK 0 100 ns 
(Rising edge) READY, WR PROT 

WR PROTto WGATE, 250 ns 
WR PROT SENSOR 

WGATE IN to WGATE 80 ns 

STEP to T1, P20 80 ns 

TRACK 0 SENSOR 
WR PROT SENSOR to Port 2 250 ns 
INDEX SENSOR 

MOTOR ON 
WGATE IN to Port 2 80 ns 
DS 

Data Setup Time DIR to STEP 50 ns 

Data Hold Time DIR to STEP 0 ns 

Delay Accuracy Td = 0.59 Rd x Cd 0.8TD 1.2TD sec 
(Pin 13) Ro= 3.9 K to 10 K 

Co= 75 pF to 300 pF 

Pulse Width Accuracy Tw = 0.59 Rw x Cw 0.8Tw 1.2Tw sec 
(Pin 14) Rw = 3.9 K to 10 K 

Cw = 75 pF to 300 pF 
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SSI 348580 
Port Expander 

Floppy Disk Drive 

PORT 2 (P20 - P23) TIMING (Timing Referenced to PROG signal, Figure 1.) 

SYMBOL 

TSA 

THA 

TSO 

THO 

TACC 

TOR 

TPW 

D 

c::§::i 
SPINDLE 
t.llTOR 

... 
+HDo 

·HD 

+HO 

-HO 

E1 

EO 

DESCRIPTION 

Addr. setup time 

Addr. hold time 

Data-in setup time 

Data-in hold time 

Data-out access time 

Data-out release time 

PROG pulse width 

.,. ·IN +JN G1 G2 D1 

SSI 348570 
DATA PATH 

CHIP 

co RlR 

.... 

LEO 
INUSE 

T• 

1l'ITI! 

~ RlR 

02 

ROP 

MIN NOM MAX UNIT 

100 ns 

80 ns 

100 ns 

80 ns 

700 ns 

200 ns 

1500 ns 

+SV +SV 

p p 
TD PW 

WDI 
WDI 

Hso.flllO 
HS<>lll!O 

HOST 
INTERFACE 

BUS 

OS• 
OS2 

RD DATA mr 

SS 348570 
JIOPORT 

EXPANDER 

I 
STEPPER MOTOR ..,._IV\.~--o .sv 

FIGURE 2: Typical Application 
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SSI 348580 
Port Expander 
Floppy Disk Drive 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

P23 28 P22 

Vee 2 27 P21 

WliAi'nli 3 26 P20 

~ 4 25 NOT USED 

l5llf 5 24 ~ 

1l! 6 23 llEAllV 

llm' 22 TRACKO 

PROG 8 21 GNO 

WR PROT SENSOR 9 20 ~ 

TRACKOSENSOR 10 19 1RilEX 

INDEX SENSOR 11 18 Rb DATA OUT 

GND 12 17 RD DATA IN 

RICO 13 16 T1 

F\ICW 14 15 mm 

28-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

$$1348580 
28-Pin DIP 

$$1348580 
28-Pin PLCC 

I i 0 

~ "' ~ 0 0 ~ ~ > 

m NOT USED 

m Wlfl'ROT 

"STEJI 'FIEAD'i' 

PROO TllAeRO 

WR PROTSENSOR GND 

TRACK 0 SENSOR wrnlTE 

INDEX SENSOR mEX 
12 13 14 15 16 17 

0 0 ;: 
~ ;::: ':!!: 

I 
z ~ 0 
Cl i'f < 

!;;: 
0 
0 
a: 

28-Pln PLCC 

ORDER NO. PKG.MARK 

348580-CP 348580-CP 

348580-CH 348580-CH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third panies resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

«:>1989 Silicon Systems, Inc. 9-40 0790- rev. 







SILICON SYSTEMS LEADS THE WAY 
DEVELOPING MIXED-SIGNAL CUSTOM 
PRODUCTS. 

This is a story about leadership. Silicon Systems is dedi­
cated to taking the point in the creation of high-performance, 
application-specific custom, Mixed-Signal Integrated Circuits 
(MSICs™). 

Such dedication means we bring a lotto the party. Includ­
ing truly innovative analog, digital, and mixed analog-digital 
ICs. A full complement of mixed-signal CMOS, BiCMOS and 
Bipolar wafer fabrication processes, state-of-the-art automated 
design tools, production, assembly, test, and QA capability. 

No one's more experienced 

Our nearly 20 years of successful IC design work makes us 
the most experienced engineering team in the MS I Cs field. Add 
it all up and you get a company that saves you time and money 
while delivering you the most sophisticated mixed-signal cus­
tom ICs you can get. 

Technique Application 

CUSTOM SOLUTIONS 

Faster to market for mixed-signal applications 

Whatever your mixed-signal design application, Silicon 
Systems gives you a competitive advantage. In communica­
tions, disk drives, other storage products, automotive control 
systems, or other analog/digital signal processing applications, 
you can depend on our technical know-how to do the job right 
and turn your design around faster. 

CMOS. Bipolar. Analog. Digital. 
We've done it 

Our designers are an experienced bunch. They're uniquely 
able to take a look at your specific application problem and 
move quickly to the right IC solution. 

Our team is particularly adept at identifying key issues 
such as power, cost and performance trade-offs. So we can 
gear our efforts toward delivering you an optimized solution, 
manufactured with the appropriate lab process. 

Silicon Systems Designed Examples 

CMOS Signal Processing For analog continuous time and sampled 73K224 complete single-chip 2400 biVs 
data (switched-capacitor implementation) modem 
and Digital Signal Processing (DSP) . C301 single-chip telephone headset 
applications. Low-power capability also amplifier 
allows inclusion of ROMs, RAMs, and . 14.4 kbit modem 
other analog/digital subsystems. . Direct-broadcast satellite descrambler . Motor controllers . Hi-resolution analog data acquisition 

Bipolar Signal Processing For high-performance, low noise, . Sub 1 nV/vHz HDD R/W amplifiers 
wideband signal acquisition and process- . AGC, pulse detection amplifiers 
ing applications. Offers TTL and/or EGL . High-speed data separators 
logic interfaces with high current drive. Wideband transceivers . PLLs (Phase Locked Loops) 

Optical signal processing 

Digital CMOS For ASIC controllers, sequencers and data . Hard disk drive controllers 
path applications with on-board ROM, SCSI interface controllers 
RAM, and PLA sub-systems. Offers . UARTs 
standard TTL and/or CMOS logic inter- . Protocol controllers 
faces. Digital signal processors 

Digital Bipolar High-speed logic and interface circuitry. Encoders and decoders 
Offers standard logic or custom interfaces . . High-speed digital transceivers 
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CUSTOM SOLUTIONS 

The right mix of analog and digital 

Providing total analog/digital systems on a chip allows you 
to meet your cost and performance objectives whether you're 
designing the next generation of communications devices, or 
perhaps an 1/0 multiplexer to control electronics in 21st century 
automobiles. 

We've turned to CMOS to effectively implement low­
power, highly integrated systems solutions tor everything from 
modems and CATV satellite descramblers to hard disk drive 
controllers and digital signal processors. 

We've gone the Bipolar route to meet the high-perfor­
mance needs of products like wideband transceivers, R/W 
amplifiers, low-noise amplifiers, pulse detectors, high-speed 
data separators and high-performance, low-power combo de­
vices. 

On the way is BiCMOS technology. It promises to open up 
new horizons of product capability for applications demanding 
optimum performance at the lowest power. 

SOPHISTICATED TOOLS FOR A CUSTOM 
DESIGN 

At each of five design centers capable of worldwide service 
- Tustin, Santa Clara and Nevada City, California; Tokyo and 
Singapore-Silicon Systems employs PEGASYS™, an internal 
design automation system developed from carefully selected 
vendor tools and our own proprietary software. Using Mentor 
Graphics workstations for both electrical and physical design, 
PEGASYS helps create complex designs while significantly 
reducing schedules, costs and errors. 

By integrating such helpful third-party tools and custom 
software, we're better able to design and analyze mixed-signal 
integrated circuits in all CMOS, Bipolar And Bi CMOS technolo­
gies. It's an approach that has given us the edge in mixed-signal 
design and helped put Silicon Systems' customers in a favor­
ably unique position in the marketplace. 

Specifically, PEGASYS brings the following to each design: 

• Fully integrated design environment 

• Methodology for precision circuit design 

• Integrated physical design 

• Automatic place and route 

• Complete layout verification 

Our design automation staff integrates the third-party tools 
and optimizes their use on the Mentor platform. This framework 
can easily accommodate new tools when needed, and it 
enables us to support a combination of analog and digital 
design techniques in all CMOS, Bipolar and BiCMOS chip 
designs. By mixing design methodologies, we can achieve 
optimum systems performance, even when schedules are 
tight. . 

Electrical design 

A single GAE (Computer Aided Engineering) environment 
provides for schematic capture, simulation, synthesis and 
documentation. We support this software with extensive librar­
ies of pre-designed cells and components. Highly specialized 
cells or components can be designed and enhanced where 
required. We simulate each circuit to meet precise performance 
specifications using: 

• Analog circuit simulation 

• Digital logic simulation 

• Timing simulation 

• Mixed-mode simulation 

• Switched-capacitor tilter simulation 

• Behavioral simulation 

Admittedly, simulation alone is not the key to perfecting 
performance. That's why we work aggressively to refine our 
understanding of models to make them work with simulation. 
Inside our progressive Device Modeling and Characterization 

Filter 
Synthesis 

Circuit 
Trace 

Circuit 
Simulation 

Timing 
Simulation 

Automatic 
Layout 

Capacitor 
Simulation 
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laboratory, we develop accurate circuit simulation models and 
parameters. The DMC lab provides complete device model 
data for our processes using capabilities such as AC measure­
ment, statistical analysis and worst-case modeling. Accurate 
models are a cornerstone of our design-for-quality approach. 

Physical design 

Our PEGASYS Layout System aids the mask designer 
through all physical design phases, ensuring consistency 
throughout the design cycle. This fully integrated environment 
provides for both full-custom design and auto place-and-route 
design including these capabilities: 

• Graphic editing 

•On-line point-to-point routing 

• Compaction 

• On-line design rule checking 

• Layout-to-schematic verification 

• Parasitic extraction/back annotation 

• Output in industry standard GOS format 

The same physical design environment supports all pro­
cesses and design methodologies. 

Automatic place & route software 

The automatic place-and-route capability speeds through 
physical design far more rapidly than a full-custom, hand-drawn 
approach. We have combined Cadence Design Systems' 
TANCELL ™,the most area-efficient router on the market, with 
our proprietary tools. This flexible environment allows for floor 
planning and automatic routing, and it supports the combina­
tion of custom cells, standard cells and compiled blocks. 

Layout-to-schematic trace and verification 
software 

Our circuit-trace capability compares the completed IC 
layout to the schematic database, using proprietary techniques 
and tools to guarantee quality. We help to eliminate layout 
errors through verification checks of both connectivity and 
component values. The resulting layout is an exact match of the 
schematic design. Further possible layout problems are iden­
tified during post-layout simulations using true parasitic model­
ing of capacitance and resistance interconnect. In short, all 
potential problems are fixed or addressed before first silicon 
fabrication. 

KADS. A mutual drive for custom design 

The Silicon Systems Key Account Design Service (KADS) 
program is our way of designing and developing custom IC 
solutions in a high-level cooperative partnership with our cus­
tomers. 

The KADS approach introduces the best minds in your 
company to Silicon Systems' mixed-signal specialists. Together 
we work closely, freely exchanging each other's ideas and 
experience in order to inspire breakthrough technical 
achievements and raise quality and creativity to a new level. 
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CUSTOM SOLUTIONS 

WHERE PROCESS MEETS NEED: CMOS 
Silicon Systems offers two proven CMOS process tech­

nologies for creating low-power, highly integrated systems 
solutions. We use CH for 5V and12V applications and CG for 
5V only needs. Both offer excellent analog performance. For a 
summary, see Table 1. 

Our CH process achieves its higher (to 12V) operation via 
a DOD (Double Diffused Drain) source/drain structure. This 
increases the S/D junction grading and breakdown voltage 
while lowering the associated junction capacitance. 

The CH process also provides high quality, low voltage 
coefficient, precision poly-poly capacitors that support high 
performance switched-capacitor filtering and data conversion 
(AID and D/A) circuits. Another important CH process feature 
for analog applications is found with our high nr poly resistors. 
Their low voltage coefficient is important for low distortion, 
continuous time filters such as in anti-aliasing applications. 
Typical CMOS processes use unacceptable high-value well 
resistors, and do not provide poly-poly capacitors. 

Improved CMOS reliability 

Silicon Systems boosts your system's reliability by incor­
porating a well ring into the CH process. This improves well tie­
down and increases latchup immunity. For harsher environ­
ments such as motor drivers or the automobile, we use an 
epitaxial (epi) substrate to provide latchup immunity of more 
than 200 mA. 

CMOS CG. Low-power & high performance 

Our CG CMOS process is specifically designed to support 
your 5V mixed-signal applications. Its smaller feature size 
(1.5µ, shrinkable to 1.2µ) allows for much higher levels of 
system integration, higher speed and lower power. 

CG supports high performance analog circuitry with preci­
sion poly-poly capacitors as well as complex digital circuitry 
including DSPs, microcontrollers, datapaths and memory. 

For a cross-section view of the Silicon Systems CG CMOS 
process, see Figure 1. 

BIPOLAR & BICMOS PROCESS 
TECHNOLOGIES 

Our bipolar MSICs take advantage of two high-perfor­
mance Bipolar processes: BK (for 12Vapplications) and BN (for 
5V applications). The BK analog/digital process achieves its 
higher voltage operation and improves lateral PNP transistor 
performance by using a lightly-doped epi layer. 

In BK we provide deep N+ and P+ enhancement layers to 
reduce both collector series and base resistance. Our use of 
up-junction isolation to gives us a major reduction in device 
area, when compared with that of typical junction isolated 
processes. Metal-Poly capacitors with a nitride dielectric are 
used for improving capacitor reliability. 

II 



CUSTOM.SOLUTIONS 

BN. Low-power/ 8 Ghz Bipolar at 5 volts 

A noteworthy feature of a minimum size BN process 
transistor is that it's only about 1 /5th the size of a minimum size 
BK transistor. Because we employ full oxide isolation in BN, we 
can fabricate very fast, very small transistors and reduce 
sidewall capacitances. This supports not only high speed, but 
also low power. 

The BN process features high-performance NPN transis­
tors to support mixing high-performance emitter coupled logic 
(ECL) with analog circuitry. To provide for strict TTL 110 compat­
ibility, we use superior PtSi Schottky diodes. 

The resulting speed and packing density allows you to 
effectively implement dense high-performance, low-power 
Bipolar analog/digital capability into your system designs. 

For a feature-by-feature comparison of Silicon Systems' 
BK and BN bipolar processes, see Table 3. 

BiCMOS process technologies 

High performance NPNs and CMOS transistors highlight 
our BiCMOS process. They support mixing high performance 
analog circuitry with high density digital logic. 

We greatly improve response speed through the use of 
silicided base components and S/D regions that decrease 
extrinsic resistances in both types of active components while 
reducing the Emitter-Base and Gate-Source (Drain) space. 

Our BiCMOS process offers enhanced reliability and fully 
supports all 5V mixed-signal designs. 

Drawn 

··Pn>cess Type 
: . 

CH 

CG 

Si-Gate, single metal, 
dual poly, P Well 

Si-Gate, dual metal, 
dual poly, P Well 

Polysilicon 
Gate 

Field 
Oxide 

Appno&t1on Gflte Interconnect Pitches 
Voltage 8VDSS Length Poly1 Metal 1 Meta12 

12V 18V 3.6µ 5.8µ 6.4µ n/a 

5V 7V 1.5µ 3.0µ 4.5µ 6.0µ 

TABLE 1: CMOS Process Chart 

N - Substrate 

Gate 
Oxide 

FIGURE 1: CG CMOS Process Transistor 
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Features 
• DDD S/D structure 
• Poly-poly capacitors 
• Low-voltage coefficient 
• High a ID poly resistors 
• Epi substrate option 
• Buried well-ring 

• DOD S/D structure 
• Poly-poly capacitors 
• Shrinkable to 1.2µ 

NWell 
(for PMOS) 



Appl. 
Type Voltage BVDSS 

Bipolar: 5V 10V 

Oxide isolated 

CMOS: 

Si-Gate, single 
poly, triple 
metal, P Well 

Process Type 

BK Junction-isolated 

BN Oxide-isolated 

Base plug for reduced 
base resistance 

Oxide isolation 
for reduced collector -
substrate capacitance 

Buried layer 
for reduced 
collector resistance 

CUSTOM SOLUTIONS 

Drawn 
Gate Interconnect Pitches 

Length Poly MO M1 M2 BVceo NPN Ft Emitter Features 

1.0µ 2.6µ 3.2µ 3.8µ 5.0µ 8V 13 GHz 1.0µ Bipolar: 

•High Perl. NPN'S 
•PtSi Schottky Diodes 
•Gate Oxide Capacitors 
•Poly Capacitors 
•Sidewall Oxide Isolation 
•Fuses 

CMOS: 
•Lightly Doped Drains 

TABLE 2: BiCMOS Process Chart 

Emitter M1 M2 
BVceo NPN Ft Size Pitch Pitch Features 

12V 2 GHz 2.5µ 9.0µ 14.0µ • Polysilicon emitters 
• A 1 Schottky diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Up/down junction isolation 
• Collector/base plugs 

6V 8 GHz 2.0µ 4.5µ 8.0µ • High performance NPNs 
• PtSi Schotty diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Sidewall oxide isolation 
• Collector/base plugs 

TABLE 3: Bipolar Process Chart 

~=~-====:::::-----J __ Aluminum interconnect 

Substrate 
(P- high resistivity) 

FIGURE 2: BN Bipolar Process NPN Transistor 
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(second layer) 

Aluminum interconnect 
(first layer) 

Collector plug 
for reduced 
collector resistance 



CUSTOM SOLUTIONS 

A SUPERIOR FINISH FOR CMOS, BIPOLAR 
ANDBICMOS 

You might say this is the payoff window. The benefits of our 
process technologies, design tools and our unique custom 
approach all come together during wafer fabrication, test and 
assembly. 

Our two manufacturing centers, located in Tustin and 
Santa Cruz, California, can offer specialized capabilities to 
match your particular fabrication requirements. Both facilities 
provide you with high resolution stepper photolithography tech­
nology, positive resist, dry plasma etch systems, high current 
ion implantation and automatic sputtering. 

At Fab 1, in Tustin, we focus on Bipolar processes such as 
high-speed BN. 

Our Fab 2, in Santa Cruz, emphasizes advanced mixed­
signal CMOS processes. Fab 2, the newer of the two facilities, 
has been expanded to accommodate Fab 3, also on site in 
Santa Cruz, dedicated to a new high-speed BiCMOS process 
and the production of next generation six-inch wafers. 

The right package 

Silicon Systems offers a wide range of plastic dual-in-line 
and surface mount packages to meet the small footprint 
requirements of advanced storage and communication products. 
We continue to be innovative in surface mount technology by 
providing PLCC, SO, QFP, VSOP and SSOP packages. At our 
Singapore assembly & test facility we have the full capability to 
support high quality automated packaging while also maintaining 
rapid cycle times. 

Promis. Quality through CAM 

Process and Management Information System (PROM IS) 
underscores our commitment to Computer-Aided Manufactur­
ing (CAM). And to delivering you a superior quality product on 
time. 

We use PROMIS to facilitate the data required in our 
manufacturing, monitoring and Statistical Process Control (SPC) 
systems. 

With PROM IS we more effectively manage our inventory, 
accurately track wafers in process, closely monitor the clean 
room environment. 

PROM IS also assists our SPC efforts, as does our commit­
ment to fully train all of our manufacturing personnel in SPC 
basics. 

We design for quality 

It's our view that quality is nothing less than absolute 
customer satisfaction. To achieve it, we begin far "upstream" in 
the product development process. Our design-for-quality 
approach scrutinizes the design itself with statistically based 
models, comprehensive simulation tools and vigorous design 
reviews. 

The results of such an effort are IC products that boast 
lower defect rates, higher parametric performance and far 

fewer redesigns. Moreover, our persistence in improving qual­
ity keeps us focused on finding better and faster ways to satisfy 
future customer demands. 

Quality that delivers 

With effective systems such as PROM IS and our design for 
quality approach in place, Silicon Systems is prepared to 
deliver you finished products you can really depend on. On 
time. And under budget. 

For details on how you can take best advantage of Silicon 
Systems' custom mixed-signal IC solutions, see your nearest 
Silicon Systems representative, or contact us. Silicon Systems, 
Inc. 14351 Myford Road, Tustin, CA 92680. 714-731-7110. 
FAX: (714) 573-6914. 

CUSTOMER 

Design Specifications 
and Requirements 

SILICON SYSTEMS 

.-----1 Initial De•ign Review i------, 

Final Design Review 

Evaluate Prototype 

Design Components 
• Schematic Capture 
• Simulation 
• Netlisting 

• Automatic Placing 
and Routing or 
Hand-Packed Layout 

• Automatic Circuit 
Trace 

Final Layout Review 

Test Program Creation 
Photomask 
Wafer Fab 
Prototype 

(Assembly. Test, Ship) 

Verify System Function Final Review 
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Release to Production 

CUSTOMER INTERFACE FOR FULL-CUSTOM 
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SECTION 1 

1.1 INTRODUCTION 

Silicon Systems is committed to the goal of customer satis­
faction through the on-time delivery of defect free products 
that meet the customer's expectations and requirements. 
This statement serves as the corporate quality policy and 
reflects key elements that are instrumental in attaining true 
customer satisfaction. This section outlines Silicon Systems' 
ongoing activities for the control and continual improvement 
of quality in every aspect of our organization. 

Silicon Systems is diligently working to maintain and improve 
its position as a world-class provider of mixed-signal inte­
grated circuits (MSICs™). Our Corporate Quality Mission 
describes that commitment: "Achieve Total Customer 
Satisfaction Through Quality Excellence by Continuous 
Improvement." 

We realize and practice the concept that quality and reliability 
must be designed and built into our products. In addition, 
Silicon Systems utilizes rigid inspections and data analysis to 
evaluate the acceptability and variation existing in incoming 
materials and performs stringent outgoing quality verifica­
tion. The manufacturing process flow is encompassed by an 
effective system of test/inspection checks and in-line moni­
tors which focus on the control and reduction of process 
variation. These gates and monitors ensure precise adher­
ence to prescribed standards and procedures. 

Silicon Systems also incorporates the use of statistical pro­
cess control techniques into company operations. The con­
trol and reduction of the process variation by the use of 
statistical problem solving techniques, analytical controls 
and other quantitative methods ensures that Silicon Systems' 
products maintain the highest levels of quality and reliability. 
Our Reliability and Quality Assurance organization is com­
mitted to working closely with the customer to provide assis­
tance and a continually improving level of product quality. 

QuaNty Program 
Managsrs 

Cor8~:;~ortf 
Manager 

Sits CC 

Reliability 
Engineering 

Manager 

Reliability and 
Quality Assurance 

1.2 RELIABILITY AND QUALITY ASSURANCE 

It is the objective of the Reliability and Quality Assurance 
organization to ensure that proactive quality systems are in 
place to ensure that Silicon Systems' products will meet or 
exceed customer requirements and expectations. In addi­
tion, the Reliability and Quality Assurance organization works 
to facilitate the timely implementation of solutions and moni­
tors the effectiveness of corrective actions. These organi­
zational strategies support the continuing enhancement of 
quality consciousness throughout Silicon Systems, a nec­
essary element in support of world-class quality. 

In order to facilitate the close coordination required of the 
Reliability and Quality function, a combined Reliability and 
Quality Assurance organization has been established. The 
R&QA organizational structure is pictured in Figure 1. To 
reflect corporate commitment, this organization is headed by 
a Senior Vice President reporting directly to the President/ 

coo. 

SECTION 2: QUALITY ASSURANCE 

2.1 QUALITY OBJECTIVES 

While all Silicon Systems employees have direct responsibility 
for quality in their functions, Quality Assurance has the 
ultimate responsibility for the reliable performance of our 
products. This is accomplished through the administration of 
formal quality systems which assure Silicon Systems' man­
agement, as well as our customers, that products will fulfill the 
requirements of customer purchase orders and all other 
specifications related to design, raw material and in process 
through completion of the finished product. 

Quality Assurance supports, coordinates and actively partici­
pates in the formal qualification of suppliers, material, pro­
cesses, and products, and the administration of quality 
systems and production monitors to assure that our products 
meet Silicon Systems quality standards. Quality Assurance 

Failure 
Analysis 
MllflllfJflf 

c""°"''" Quality l"1>f'0V9ment 
MllflllfJflf 

LocalJSite 
Document Control 

Santa Croz. SkJga/JOrfl 
- Tustm, Santa OUz, .....,.,,. FIGURE 1: Organizational Chart 
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Reliability and 
Quality Assurance 

also provides the liaison between Silicon Systems and the 
customer for all product quality related concerns. 

It is the practice of Silicon Systems to have corporate quality 
and reliability objectives encompass all of its activities. This 
starts with a strong commitment of support from the corporate 
level and continues with exceptional customer support long 
after the product has been shipped. 

Silicon Systems emphasizes the belief that quality and reli­
ability must be built into all of its products by ensuring that all 
employees are educated in the quality philosophy of the 
company. Some of the features built into Silicon Systems 
Quality Culture include: 

1. Structured training programs directed at Wafer Fabri­
cation, Test, Process Control personnel and support­
ing organizations. 

- Team based problem solving methodologies. 

- Corporate-wide training of quality philosophy and 
statistical methods. 

2. Stringent in-process inspection, gates, and monitors. 

3. Rigorous evaluation of designs, materials, and pro­
cessing procedures. 

4. Stringent electrical testing (100% and QC AQUSample 
testing). 

5. Ongoing reliability monitors and process verifications. 

6. Real-time use of statistical process control 
methodology. 

7. Corporate level audits of manufacturing, subcontrac­
tors, and suppliers. 

8. Timely corrective action system. 

9. Control of non-conforming material. 

These focused quality methods result in products which 
deliver superior performance and reliability in the field. 

2.2.1 INCOMING INSPECTIONS 

Incoming inspection plays a key role in Silicon Systems' 
quality efforts. Small variations in incoming material can 
traverse the entire production cycle before being detected 
much later in the process. By paying strict attention to the 
monitoring of materials at the earliest possible stage, varia­
tion can be reduced, resulting in a stable uniform process. 

2.2.2 IN-PROCESS INSPECTIONS 

Silicon Systems has established key inspection monitors in 
such strategic areas as Wafer Fabrication, Wafer Probe, 
Assembly, and Final Test. These quality monitoring tests are 
performed in addition to the intermediate and final inspections 
found in the manufacturing process. 

Quality control monitors have been integrated throughout the 
manufacturing flow, so that data may be collected and ana­
lyzed to vertty the results of intermediary manufacturing 
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steps. This data is used to document quality trends or long 
term improvements in the quality of specttic operations. 
Abnormality control is being used to enhance the effective­
ness of this process. A generic description of the product flow 
and QC inspection points is shown in Figure 2. In process 
monitors such as oxide integrity, electromigration immunity 
and other parameters monitor long term reliability as well as 
circuit performance. 

2.3 DESIGN FOR QUALITY 

Since the foundation of a reliable product is rooted in the 
design process, the Reliability and Quality Assurance organi­
zation actively participates in comprehensive cross-func­
tional reviews of design stages prior to the product's transition 
to production status. These review stages assure a predict­
able and effective development cycle. Other important de­
sign-related functions include ensuring that process spectti­
cation revisions are translated into updated design param­
eters and the translation of manufacturing process capability 
into design guidelines. This is accomplished through the 
identification and monitoring of critical process and device 

Wafer Fab Final Lot Acceptance 

Wafer Probe Monitor 

Prep for Assembly 

Ship to Assembly 

Assembly Gates & Monitors 

AOL Sample 

D Manufacturing 

Finished Goods Q Process Control Gates 

Pack and Ship Gate D Process Control Monitor 

Ship to Customer A Quality Assurance V Final Outgoing Inspection 

FIGURE2 
Process Control Gates and Monitors 



parameters. Wafer level test at the early stages of process 
development also plays a critical role. These elements, in­
cluded in Silicon Systems design for quality effort, support the 
development of robust design rules which are as insensitive 
as possible to inherent manufacturing variation. The result is 
a product that delivers predictable and reliable long term 
performance. 

2.4 PPM REDUCTION PROGRAM 

The primary purpose of a PPM reduction program is to 
provide a formalized feedback system in which data from 
nonconforming products can be used to improve future 
product consistency and reliability. The action portion of this 
program is accomplished in three stages: 

1. Identification of defects by failure mode. 

2. Identification of defect causes and initiation of corrective 
action. 

3. Measurement of results and setting of improved goals. 

The data summarized from the established PPM program is 
compiled as a ratio of units rejected/tested. This ratio is then 
expressed in terms of defective parts per million (PPM). 
Founded on a statistically valid database of PPM data and an 
established five-year strategic plan identifying PPM improve­
ment goals, Silicon Systems has consistently achieved ex­
cellent quality standards and will continue to progressively 
improve PPM standards. 

2.5. COMPUTER AIDED MANUFACTURING CONTROL 

Computer Aided Manufacturing (CAM) is used throughout 
Silicon Systems for the identification, control, collection and 
dissemination of timely information for logistics control. Sili­
con Systems also uses this type of computerized system for 
statistical process control and manufacturing monitoring. 
PROMIS, (PROcess Management and Information System), 
displays approved/controlled recipes, processes, and proce­
dures; tracks work-in-process; reports accurate inventory 
information; allows continuous recording of facilities data; 
contains statistical analysis capabilities; and much more. 
PROMIS allows for a paperless facility, a major element in 
minimizing contamination of clean room areas. 

The PROMIS system has been configured to meet the 
specific requirements of Silicon Systems. 

SECTION 3: RELIABILITY 

3.1 RELIABILITY PROGRAM 

Silicon Systems has defined various programs that will 
characterize product reliability levels on a continuous basis. 
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These programs can be categorically described by: 

1. Qualifications 

2. Production Monitors 

3. Evaluations 

4. Failure Analysis 

5. Wafer Level Reliability 

6. Data collection and presentation for improvement 
projects 

3.2 QUALIFICATIONS 

Extensive qualification programs ensures that all new prod­
uct designs, processes, and packaging configurations meet 
the absolute maximum ratings of design and the worst case 
performance criteria for end users. A large database gener­
ated by means of accelerated stress testing results in a high 
degree of confidence in predicting final use performance. The 
qualification criteria used are periodically reviewed to be 
consistent with Silicon Systems' increasing quality and reli­
ability goals in support of our customers. 

3.3 PRODUCTION MONITORS 

This program has been established to randomly select a 
statistically significant sample of production products for 
subjection to maximum stress test levels in order to evaluate 
the useful life of the product in a field use environment. 

Table 1 lists reliability test methods that are in use at Silicon 
Systems. This analysis of production monitor at Silicon 
Systems provides valuable information on possible design/ 
process changes which assure continued improved reliability. 
The monitors are periodically reviewed for effectiveness and 
improvements. 

3.4 EVALUATIONS 

The evaluation program at Silicon Systems is an ongoing 
effort that will continue defining standards which address the 
reliability assessment of the circuit design, process param­
eters, and package of a new product. This program continu­
ously analyzes updated performance characteristics of prod­
uct as they undergo improvement efforts at Silicon Systems. 

3.5 FAILURE ANALYSIS 

The failure analysis function is an integral part of the Quality 
and Reliability department at Silicon Systems. Silicon Sys­
tems has assembled a highly technical and sophisticated 
failure analysis laboratory and staff. This laboratory provides 
visual analysis, electrical reject mode analysis, and both 
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TEST CONDITIONS PURPOSE OF EVALUATION 

Biased temperature/humidity as 0 c1as0 %RH Resistance to high humidity with bias 
Highly accelerated stress test (HAST) SSi Method Evaluates_e_ack~e int~!!}'._ 
High temperature operating life (HTOL) Mil 883C, Method 1005 Resistance to electrical and thermal stress 
Steam _.2!essure 121°C/15PSI Resistance to h.!g_h humid!!Y_ 
Temperature ~Ii~ Mil 883C, Method 1010 Resistance to thermal excursion_{_ai!}_ 
Thermal shock Mil 883C, Method 1011 Resistance to thermal excursion J!!g_ui<!)_ 
Salt atmosphere Mil 883C, Method 1009 Resistance to corrosive environment 
Constant acceleration Mil 883C, Method 2001 Resistance to constant acceleration 
Mechanical shock Mil 883C, Method 2002 Resistance to mechanical shocks 
Solderability Mil 883C, Method 2003 Evaluates solderabili.!Y_ of leads 
Lead integrity Mil 883C, Method 2004 Evaluates lead int~!!}'._ before board assemb!!'._ 
Vibration, variable frequency Mil 883C, Method 2007 Resistance to vibration 
Thermal resistance SSi Method Evaluates thermal diss.!2_ation 
Electrostatic damage Mil 883C, Method 3015 Evaluates ESD susc~ability 
Latch-up SSi Method Evaluates latch-!£ susc~ibili.!Y_ 
Seal fine and gross leak Mil Std 883C, Method 1014 Evaluates hermeticity of sealed packages 

TABLE 1: Reliability Stress Tests 

destructive and non-destructive data to aid the engineers in 
developing corrective action for improvement. These test 
analyses may include metallurgical, optical, chemical, electri­
cal, SEM with X-ray dispersive analysis, and E-Beam non­
contact analysis as needed. 

These conclusive in-house testing and analysis techniques, 
are complemented by outside support, such as scanning 
acoustic microscopy, focused ion beam, and complete sur­
face and material analysis. This allows Silicon Systems to 
monitor all aspects of product manufacturing to ensure that 
the product of highest quality is shipped to our customers. 

3.6 WAFER LEVEL RELIABILITY PROGRAM 

A primary objective at Silicon Systems is to improve the 
reliability of our products through characterization of our 
manufacturing operations. The identification of specific failure 
mechanisms occuring in the wafer fabrication and assembly 
processes is a prerequisite to effective corrective action 
aimed a.t reducing defects and improving quality and reliability. 

The primary advantage of wafer level reliability testing is the 
speed at which results can be derived, thereby providing 
additional response time and an early warning of process 
changes. This tool provides Silicon Systems with a very rapid 
analysis tool which allows for the early idenrnication of pos­
sible problems and a determination of their origin. 
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The continuous improvement approach taken at Silicon 
Systems uses the wafer level reliability tests as tools to 
improve the process, identtty potential problems, determine 
the sources of any process weakness and eliminate prob­
lems upstream in the process. This results in a focus on 
reliability improvement that goes well beyond merely deter­
mining the projected lifetime of a product to a detailed 
characterization, measurement and control of the specific 
parameters which actuallly determine product lifetime. 

3.7 DATA COLLECTION AND PRESENTATION FOR 
IMPROVEMENT PROJECTS 

Data collected from each element of the Reliability program 
is summarized for scope and impact and distributed among 
all engineering disciplines in the company. This data facili­
tates improvement and provides our customers an opportu­
nity to review the performance of our product. 

3.8 RELIABILITY METHODS 

The Reliability Program utilizes a number of stress tests that 
are presently being used to define performance levels of our 
products. Many of these stress tests are per MIL-STD-883C 
as shown in Table 1. 



3.9 RELIABILITY PREDICTION METHODOLOGY 

At Silicon Systems, the Arrhenius model is used to relate a 
failure rate at an accelerated temperature test condition to a 
normal use temperature condition. 

The model basically states FR= A exp(-Ea/KT) 

Where: 

FR Failure rate 

A Constant 

Ea Activation Energy (eV) 

K Boltzmann's constant 8.62 x 1 o·• eV I degree K 

T Absolute temperature (degree K) 

SECTION 4: ELECTROSTATIC DISCHARGE 
PROGRAM 

4.1 ESD PREVENTION 

Silicon Systems recognizes that the protection of Electro­
static Discharge (ESD) sensitive devices from damage by 
electrical transients and static electricity is vital. ESD safe 
procedures are incorporated throughout all operations which 
come in contact with these devices. Continuous improve­
ment in the ESD protection levels is being accomplished 
through the incorporation of increasingly robust protection 
devices during the circuit design process as well as work area 
improvements. 

Silicon Systems' quality activity incorporates several protec­
tion measures fort he control of ESD. Some of the preventive 
measures include handling of parts at static safe-guarded 
workstations, the wearing of wrist straps during all handling 
operations, the use of conductive lab coats in all test areas 
and all areas which handle parts and the packaging of 
components in conductive or anti-static containers. 
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Silicon Systems 
Packaging Index 

DUAL-IN-LINE PACKAGE (DIP) 

Plastic 

Ceramic 

SURFACE MOUNTED DEVICES (SMD) 

PLCC (Quad) 

Quad (Flatpack) 

Thin Quad Flatpack 

Small Outline (SOIC) 

VSOP (SOV) 

SON is a 150 mil width package. 

SOL is a 300 mil width package. 

SOW is a 400 mil width package. 

SOM is a 300 mil width package, fine pitch (0.8mm). 

SOV is a 220 mil width package, fine pitch (0.65mm). 

12-0 

PINS PAGE NO. 

8, 14, 16 & 18 12-2 

20, 22, 24 & 24S 12-3 

28, 32 & 40 12-4 

8, 14, 16 & 18 12-5 

22, 24& 28 12-6 

20,28 12-7 

32 &44 12-8 

52 &68 12-9 

52 & 100 12-10 

32 &48 12-11 

64 12-12 
__ , 

8, 14 & 16SON 12-13 

16, 18, 20, 24 & 28 SOL 12-14 

34SOL 12-15 

32SOW 12-15 

36SOM 12-15 

44SOM 12-16 

20,24 12-16 



~ 

•
Ordering 
Information 

I lli@ ~tional I 

32B 
32C 
320 
32F 
32H 
32M 
32P 
32R 
34B 
340 
34P 
34R 
35P 
66F 
67F 
730 
73K 
73M 
75T 
78A 
78P 
78Q 

HDD Interface 
HDD Controller 
HDD Data Recovery 
Electronic Filter 
HDD Head Positioning 
HDD Motor Speed Controller 
HOD Pulse Detection 
HDD Read/Write Amp 
FOO Interface 
FDD Data Recovery 
FDD Pulse Detection 
FDD Read/Write Amp 
Tope Drive Pul~ Detection 
Standard Automotive Products 
Standard Automotive Products 
Modem Device Set 
K·Series Modem 
Modem/Modem Support 

;n~eloSi):J!~~ 
DigitofTelecom 
LAN Products 

II 

F 
J 
K 
L 

LP 
LT 
LV 
LZ 
M 
s 
SL 
R 

RM 
u 

MODIFIERS 

FAX Capability 
Burn-In (168 Hours) 
Burn-In (48 Hours) 
low Power 
AT Commands, MNP5 
AT Commands 
AT Commands, MNP5, V.42 

NUMBER OF 
CHANNELS 

AT Commands, MNP5, V.42, V.42bis 
Mirror Image 
Serial Version 
low Power Serial 
Damping Resistor 
Resistor, Mirror Image 
On-Chip UART 

Cannot use A-E in left position 

c 
I 

c 
F 
G 
GT 
H 
p 
T 
s 
N 
L 
w 
M 
v 

SHIPPING OPTIONS 

R Tape and Reel 

Side-Brazed Ceramic 
Flatpack 
QFP, Ouad Flotpack (2.5 mm height) 
TQFP, Thin Quad Flotpack (1.4 mm height} 
PLCC 
Plastic Dip 
Metal Can 
Plastic, Skinny Dip 
Small Outline, Narrow (150 mil.} 
Small Outline, Large (300 mil.) 
Small Outline, Wide (400 mil.) 
Small Outline, (300 mil.), Fine Pitch (0.8mm) 
Very Small Outline (220 mil.) Fine Pitch (0.65 mm) 

TEMPERATURE RANGE 

I Commercial 10 '(lo +70 'C) 
Industrial (-40 'C to +85 'C) I 

~en 
Q.:: 
<D -· ::?. 0 
::J 0 

(Q :::J -acn 
0 '< 
""'I en 3 ,.... 
Q) (1) 

5'3 
::J en 



.400 (10.160) 

.350 (9.980) 

8-Pin Plastic 

.no (19.558) 

.745(18.923) 

Package Information 
(Plastic DIP) 

.310 (7.874) 

i---.-285-(7.2-39)-i ~ .,, 

:±;VVvwW1 T .310 (7.874) 

~~ 
1-4-.100TYP.(2.540) 

.015(0.381) 
~ 

~·4::::::::i~ 
.930 (23.622) 

.880 {22.352) 

::±;\nnPnFnnN~ 
~~. 14-.100TYP.(2.5'0) 

.015 0.381 
023 0.584 

~1 -r-0-15° 
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.no (19.558) 

.745 (13.923) 

14-Pin Plastic 

16-Pin Plastic 

18-Pin Plastic 



Package Information 

-DD~ 
.270 (6.858) * 
.260 (6.604) 

PIN NO. t .240 (6.096) 

IOENT. __i_. 

1.040 (26.416) 

1.010 (25.654) 

* 1.195(30.353) 
1.175(29.645) 

~ I * .135 (3.429) __!_ 

* .140(3.556) .150(3.810) ---.-

.2005.06 ~~m **~!H~:! 
.120(3.048) .12s<a.11s1 _ I 

~~ 1-- 100TYP.(2.540) ~ I 0-15" 

.015(0.381) r--
~ 

1.100 (27.940) 
1.080 (27.432) 

:1;\RmnnnnnnJ T 
~~ f--.100TYP.(2.540) 

.015 (0.381) 

.023 (0.584) 

1.290 (32.766) 
1.200 (30."80) 

~0-15° 
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20 Pin Plastic 
*245 Pin Plastic 

22-Pin Plastic 

24-Pin Plastic 

• 



Package Information 

1.450 (36.830) ...... 
1.360 (35.052) 

~·-DC::::::]r 
1.67~2.418) 

1.625 (41.275) 

=~VVVw\mtW T - I 
~~ -1 r-.lOOTYP.(2.54-0) \--OW 

.015 (0.381) 

~ 

~~·-DC::::::~H~ 
2.070 (52.578~ 
2.020 (51.31'.1!) 

28-Pin Plastic 

32-Pin Plastic 

40-Pin Plastic 



~ _[JL 
PINN0.1 _j_ 
IOENT. 

0.550 (13.970) 
0.380 (9.652) 

8-Pin Cerdip 

0.830 (21.082) 

o.no (19.556) 

Package Information 
Cerdip 

0.332 
0.280 
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0.332 (6.433) 
0.280(7.112) 

0.332 
MAX 

0.332(8.433) 

~ 

14-Pin Cerdip 

16-Pin Cerdip 

18-Pin Cerdip 

- I 



Package Information 

~:~·-DCJ 
.,, .. ~ .. '11· ... ,,_, ~· ·I 
~.~~:~.~T:~+Tm~--.-~-:-:::i 

0.175 (4.445) 

11 
0.125 (3.175) 

.100TYP. (2.540)-1 r- II 
0.060 (1.524) 0.023 (0.584) 
0.038 (0.965) 0.015 (0.381) 

11 0.190(4.826) 

0.070(1.778)1 0.085(2.159) 

0.020(0.508)T 
0.175(4.445) 

~~·-[ ~ ~ ~ ~ ~ ~ ~ ~ ] Lf ·--- ·1 
0.010(0.25')MIN ~g 

1~dr ~.JJ::: ~~~b~: 0125(317~,..~ 
~ 

j_~g·190(4.82'l) 0.190(4.82') 0.085(2.1"' 

~T 
0.175(4.445) 

-

I I 11 II 0.125(3175) 

.100TVP. 0.060(1.524) 0.023(0.584) I 
(2.540) ~0.015(0.381) O.-l5"_.. 
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0.432 (10.973) 
MAX 

0.420 (10.668) 
MAX 

0.023 (0.584) 

0.015 (0.381) 

0.632 (16.053) 
MAX 

0.625(15.875) 
MAX 

±+ 
00'3(0'84}+ 
~ 

0.632(16.0SJ) 
MAX 

0.625(15.875) 
MAX 

~ 
0.015(0.381} 

22-Pin Cerdip 

24-Pin Cerdip 

28-Pin Cerdip 



.495 (12.573) 

.485 (12.319) 

.395 (15.8) 

Package Information 
PLCC (Quad) 

14---- .385 (15.4) ---~I 

.354~ 

----.350 (14.0) ---

t ~(7.2) 

.165 (6.6) 

.050 TYP (1.27) 

20-Pin Quad PLCC 

.495 (12.573) 

.485 (12.319) .075 (1.905) 

.065 (1.651) J 

'""~ I .180 (4.572) _l_ 

~(0.4:- .0~0(1.270) ~:~:~ 

.456 (11.650) 

.450 (11.430) 

.456 (11.650) 

.450 (11.430) 

28-Pin Quad PLCC 
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20 (0.508) 

.390 (9.906) 

.430 (10.922) 

II 



I .453(11.51) I 
~.449(11.40)~ 

Package Information 

TL ... ~J IT 
I ! . ~"~ 

.595(15.11) 

.585 (14.86) 

32-Pin Quad PLCC 

.... (16."'2) , ~ ~ ~ ~ I 

.650(16.510)~ 

.075(1.900) 1 

.066(1.851) 

~~_j_t 1 160(4.572) ... ,,., --. 
_, L-.i 1-- .050(1.270) _j ::::: 

016(0.406) 
.020 (0.508) 

. 590 (1-4.986) I 
.630(16.002) 

656 (16.662 . 
:650 {16.510) 

1 
44-Pin Quad PLCC 
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.985 (25.019) 

.995 (25.273) 

Packag 1 P e nformation 
LCC (Quad) 

52-Pin Quad PLCC 

68-Pin Quad PLCC 
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* t 

.045(1.140) 

.020 (0.508) 

II 



PNtG.11ndc:mr 

Package Information 
Quad Flatpack 

52-Lead Quad Flatpack 

~ ~ 
I """'- I • .941(M.03) • 

100-Lead Quad Flatpack 
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Package Information 
Thin Quad Flatpack 

0.343 (8.7) 

0.366 (9.3) 

0.271 (6.9) 

0.279 (7.1) 

O.BmmTyp . 
(0.0315) 

• 0.053 (1.35) 

_L~~-70 
-t 11f510.12s) 0.01110.3) I I --;---

0.0197 (0.50) Typ. 

0.005 (0.126) + 0.005 (0.132) 

0.00110.111) 0.028(0.7) ~ ~ 

0.343(8.7) 
0.366(9.3) 

0.008 (0.2) Typ. 
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32-Lead Thin Quad Flatpack 

48-Lead Thin Quad Flatpack 
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0 

0.0196 (0.5) Typ. 

Package Information 

0.006 (0.14) 

0.010 (0.26) 

0 

0 

'f- ~""' 
~ 

.,L~' 
i- L . ~1.25) 

0.50 ± 0.20 0.061 (1.55) 

64-Lead Thin Quad Flatpack 
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Package Information 
(SON) 

-1 I-- .050 TYP. (1.270) 

.200 (5.080) 

.185 (4.699) 

.010 (0.254) 

.070(1.778) t~ , .003(0.076) 

.060(1.524) L_ ~____!_ 
.016 nom (0.40) --1 j.- I 

-1 I-- .050 TYP. (1.270) 
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.149 (3.78) 
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.185 (4.699) 

.170 (4.318) 
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14-Pin SON 

16-Pin SON 
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(SOL) 

1 r- .OSOTYP. (1.270) 

1

.305if747) 

.285 (7.239) 

PINN0.1 -L:;::;=;::;:::;:;::;:;::;::;::;;:;::;::;::::;:::;:l J 
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16-Pin SOL 
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,--
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20-Pin SOL 
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North American 
Regional Offices & Sales Representatives 
NORTHWEST NEW MEXICO OHIO GEORGIA 

HEADQUARTERS Western High Tech Marketing, Inc. Makin Associates Technology Marketing Assoc. (TMA) 

Jon Tammel, Manager Albuquerque Cincinnati Norcross 

Keith Hively, District Manager Ph: (505) 884-2256 Ph: (513) 871-2424 Ph: (404) 446-3565 

Michael Haidar, F.A.E. FAX: (505) 884-2258 FAX: (513) 871-2524 FAX: (404) 446-0569 

Jim Lange, F.A.E. UTAH Dublin MARYLAND 
Silicon Systems, Inc. Lange Sales Ph: (614) 793-9545 Burgin-Kreh Associates 
2001 Gateway Place Salt Lake City FAX: (614) 793-0256 Baltimore 
Suite 301 East Ph: (801) 487-0843 Solon Ph: (410) 265-8500 
San Jose, CA 95110 FAX: (801) 484-5408 Ph: (216) 248-7370 FAX: (410) 265-8536 
Ph: (408) 453-7811 

CENTRAL FAX: (216) 248-7372 MASSACHUSETTS 
FAX: (408) 453-5988 Mill-Bern Associates 
CALIFORNIA HEADQUARTERS TEXAS 

Woburn 
Magna Sales Mike Traviolia, Manager OM Associates, Inc. 

Ph: (617) 932-3311 
Brendon Chiu, F.A.E. Austin 

Santa Clara 
Silicon Systems, Inc. Ph: (512) 794-9971 FAX: (617) 932-0511 

Ph: (408) 727-8753 
4708 Main Street, Suite 201 FAX: (512) 794-9987 NEW JERSEY • NORTH 

FAX: (408) 727-8573 
Lisle, IL 60532 Richardson Technical Marketing Group 

OREGON Ph: (708) 810-1151 Ph: (214) 690-6746 West Caldwell 
Western Technical Sales FAX: (708) 810-1158 FAX: (214) 690-8721 Ph: (201) 226-3300 
Beaverton 

Automotive Sales (Detroit): 
FAX: (201) 226-9518 

Ph: (503) 644-8860 Houston 
Fabian Battaglia, F.A.E. Ph: (713) 789-4426 NEW JERSEY • SOUTH 

FAX: (503) 644-8200 
Ph: (313) 462-2133 FAX: (713) 789-4825 Omni Sales 

WASHINGTON FAX: (313) 462-2405 WISCONSIN 
Erdenheim, PA 

Western Technical Sales 
ILLINOIS Circuit Sales, Inc. 

Ph: (215) 233-4600 
Bellevue FAX: (215) 233-4702 
Ph: (206) 641-3900 Circuit Sales, Inc. Brookfield 

FAX: (206) 641-5829 Itasca Ph: (414) 784-7773 NEW YORK 
Ph: (708) 773-0200 FAX: (414) 784-4528 Electra Sales 

Spokane FAX: (708) 773-2721 Rochester 
Ph: (509) 922-7600 

IN DIANA 
EAST Ph: (716) 427-7860 

FAX: (509) 922· 7603 
Arete Sales, Inc. HEADQUARTERS FAX: (716) 427-0614 

SOUTHWEST Fort Wayne Wayne Taylor, Manager East Syracuse 

HEADQUARTERS Ph: (219) 423-1478 Russ Dow, District Manager Ph: (315) 463-1248 

Larry Cleland, Manager FAX: (219) 420-1440 Silicon Systems, Inc. FAX: (315) 463-1717 
53 Stiles Road 

Silicon Systems, Inc. Greenwood Salem, NH 03079 
Technical Marketing Group 

14351 Myford Road Ph: (317) 882-4407 Ph: (603) 898-1444 
Melville 

Tustin, CA 92680 FAX: (317) 888-8416 FAX: (603) 898-9538 
Ph: (516) 351-8833 

Ph: (714) 832-5310 IOWA 
FAX: (516) 351-8667 

FAX: (714) 832-5247 Cahill, Schmitz & Howe 
Georgia Sales Office NO. CAROLINA 
Dan Kilcourse, F.A.E. 

ARIZONA Cedar Rapids Ph: (404) 409-8405 Refer calls to TMA Atlanta, Georgia 
Western High Tech Marketing, Inc. Ph: (319) 377-8219 FAX: (404) 368-1060 PENNSYLVANIA 
Scottsdale FAX: (319) 377-0958 Omni Sales 
Ph: (602) 860-2702 ALABAMA Erdenheim KANSAS Technology Marketing Assoc. (TMA) FAX: (602) 860-2712 B. C. Electronics Huntsville 

Ph: (215) 233-4600 
CALIFORNIA Kansas City Ph: (205) 883-7893 VIRGINIA 
Hadden Associates Ph: (913) 342-1211 FAX: (205) 882-6162 Burgin-Kreh Associates 
San Diego FAX: (913) 342-0207 

CONNECTICUT Refer calls to 
Ph: (619) 565-9444 KENTUCKY Orion Group Burgin-Kreh, Maryland 
FAX: (619) 565-1802 Arete Sales, Inc. Southington CANADA SC Cubed Greenwood, IN Ph: (203) 621-8371 
Thousand Oaks Ph: (317) 882-4407 FAX: (203) 628-0494 

BRITISH COLUMBIA 
Ph: (805) 496-7307 FAX: (317) 888-8416 Enerlec 

FLORIDA Richmond FAX: (805) 495-3601 MICHIGAN Technology Marketing Assoc. (TMA) Ph: (604) 273-0882 
Tustin Trilogy Marketing, Inc. Orlando FAX: (604) 2 73-0884 
Ph: (714) 731-9206 Bloomfield Hills Ph: (407) 671-2245 ONTARIO FAX: (714) 731-7801 Ph: (313) 338-2470 FAX: (407) 671-4117 Har-Tech 
COLORADO FAX: (313) 338-6720 

Deerfield Beach Downsview 
Lange Sales MINNESOTA Ph: (305) 427-1090 Ph: (416) 660-3419 
Littleton OHMS Technology, Inc. FAX: (305) 427-1626 FAX: (416) 660-5102 
Ph: (303) 795-3600 Minneapolis 

Largo Nepean FAX: (303) 795-0373 Ph: (612) 932-2920 
Colorado Springs FAX: (612) 932-2918 Ph: (813) 531-4405 Ph: (613) 726-9410 

Ph: (719) 632-8340 MISSOURI 
FAX: (813) 535-9044 FAX: (613) 726-8834 

FAX: (719) 632-8419 B. C. Electronics QUEBEC 

Bridgeton Har-Tech 

Ph: (314) 739-6683 Pointe Claire 

FAX: (314) 344-3180 Ph: (514) 694-6110 
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EUROPE 
HEADQUARTERS 
Robert Sharman, Manager 
N. Harrison, Tech. Support Mgr. 
Silicon Systems, Europe 
The Business Centre 
Gor-ray House 
758- 760 Great Cambridge Road 
Enfield 
Middlesex EN13RN 
England 
Ph: (44) 81-443-7061 
FAX: (44) 81-443-7022 
TLX: 825824 BUSTEC G (ref. ENFIELD) 

AUSTRIA 
Codico GMBH 
Wien 
Ph: (43) 222-86-24-28 
FAX: (43) 222-86-32-57 

BELGIUM 
A/com Electronics BVBA 
Kontich 
Ph: (32) 3-458-3033 
FAX: (32) 3-458-3126 

DENMARK 
C-88 
Kokkedal 
Ph: (45) 4224-4888 
FAX: (45) 4224-4889 

ENGLAND 
Pronto Electronic Systems, Ltd. 
llford, Essex 
Ph: (44) 81-554-6222 
FAX: (44) 81-518-3222 
TLX: 895-4213 PRONTO G 

FINLAND 
Komde/Oy 
Espoo 
Ph: (358) 0-885011 
FAX: (358) 0-885-327 
TLX: 121926 KOMDL SF 

FRANCE 
Datadis, S.A. 
Massy Cedex 
Ph: (33) 1-69-20-41-41 
FAX: (33) 1-69-20-49-00 
TLX: 603167 F 

GERMANY 
AUantik Elektronik GmbH 
Martinsried 
Ph: (49) 89-857-0000 
FAX: (49) 89-857-3702 

GREECE 
Peter Caritato & Associates, Ltd. 
Athens 
Ph: (30) 1-902-0115 
FAX: (30) 1-901-7024 
TLX: 216-723 CARI GR 

IRELAND 
Memec Ireland, Ltd. 
Limerick, Republic of Ireland 
Ph: 353-61-3307 42 
FAX: 353-61-331888 

ITALY 
Cefra S.R.L. 
Milano 
Ph: (39) 2-295-20556 
FAX (39) 2-295-20557 

THE NETHERLANDS 
A/com Electronics BV 
2908 LJ Capelle ND IJSSEL 
Ph: (31) 10-451-9533 
FAX: (31) 10-458-6482 
TLX: 26160 

NORWAY 
Hans H. Schive 
Asker 
Ph: (47) 2-900900 
FAX: (47) 2-904484 
TLX: 19124 SKIVE N 

PORTUGAL 
Diode 
Lisbon 
Ph: (351) 1-571390 
FAX: (351) 1-534987 

SPAIN 
Diode 
Madrid 
Ph: (34) 1-555-3686 
FAX: (34) 1-556-7159 
TLX: 42148 DIODE 

SWEDEN 
Bexab Technology AB 
Tiiby 
Ph: (46) 8-732-8980 
FAX: (46) 8-732-7058 
TLX: 136888 BEXTE S 

SWITZERLAND 
E//ypticAG 
Zurich 
Ph: (41) 1-493-1000 
FAX: (41) 1-492-2255 
TWX: 822-542 EL YP CH 

YUGOSLAVIA 
E//ypticAG 
Maribor 
Ph: (38) 62-24561 

AFRICA & MIDDLE EAST -
Monte Vista International 
5976 W. Las Positas Blvd., Suite 220 
Pleasanton, CA 94588 U.S.A. 
Ph: (415) 463-8693 
FAX: (415) 463-8732 

ISRAEL 
Rapac 
Tel Aviv 
Ph: (972) 3-64 77115 
FAX: (972) 3-493272 
TLX: 342173 RAP AC IL 

International 
Distributors & Sales Representatives 

FAR EAST THAILAND 
(axcludlng Japan) Dynamar Computer Products 
HEADQUARTERS Bangkok 
K. S. Ong, District Sales Manager Ph: (662) 278-3690 
Silicon Systems, Singapore (662) 278-5722 
3015A Ubi Road 1, #01-01 FAX: (662) 271-3815 
Kampong UBI Industrial Estate JAPAN Singapore 1440 

SSifTDK CORP. HEADQUARTERS Ph: (65) 744-7700 
Den Suzuki, Manager FAX: (65) 7 48-2431 
1-13-1 Nihonbashi, Chuo-Ku 

AUSTRALIA Tokyo 103, Japan 
R & D Electronics Ph: (81) 3-32785049 
Victoria FAX: (81) 3-32785330 
Ph: (61) 3-808-8911 (81) 3-32785358 
FAX: (61) 3-808-9168 TLX: J24270 
TLX: 790-33288 J26937 
HONG KONG JAPAN 
CET, Ltd. lnternix 
Wanchai Tokyo 
Ph: (852) 520-0922 Ph: (81) 3-3369-1105 
FAX: (852) 865-0639 FAX: (81) 3-3363-8486 
INDIA TLX: 781-26733 
Malhar Corp. 

MEXICO Bangalore 
Ph: (812) 568-772 • Chihuahua & Sonora only 

(812) 568-925 Western High Tech. Marketing 
FAX: (812) 542-588 Albuquerque, New Mexico 

U.S.A. Headquarters Ph: (505) 884-2256 

Rosemont, PA FAX: (505) 884-2258 

Ph: (215) 527-5020 • All other Mexico inquiries should 
FAX: (215) 525-7805 contact SSi Tustin Southwest Sales 

Office KOREA 
Ph: (714) 832-5310 Hanaro Corporation 
FAX: (714) 832-5247 Seoul 

Ph: (82) 2-516-1144 SOUTH AMERICA 
FAX: (82) 2-516-1151 ARGENTINA 
EASYLINK: 62057328 Ye/S.R.L. 
MALAYSIA Buenos Aires 
Dynamar Computer Products Ph: (54) 1-46-211 
Penang FAX: (54) 1-476-2551 
Ph: 604-281414 (6 lines) TLX: 390-18605 
FAX:604-281420 BRAZIL 
Petaling Jaya Elek Electronics Ltd. 
Ph: 603-7767199 Sao Paulo 
FAX: 603-7767201 Ph: (55) 11-531-2258 
NEW ZEALAND FAX: (55) 11-543-4727 
Apex Electronics, Ltd. U.S. Contact 
Wellington Etek Electronics Ltd. 
Ph: (64) 4-878-551 Boca Raton, Florida 
Ph: (64) 4-878-552 Ph: (407) 997-6277 
FAX: (64) 4-387-8566 FAX: (407) 997-5467 
SINGAPORE CHILE 
Dynamar Computer Products Victronics, Ltd. 
Ph: (65) 281-3388 Santiago Centro 
FAX: (65) 281-3308 Ph: (56-2) 2237698 
TLX: RS26283 DYNAMA (56-2) 330237 
TAIWAN FAX: (56-2) 334432 
Dynamar Taiwan Co., Ltd. TLX: 340168 VICTOR CK 
Taipei 
Ph: (886) 2-777-5670 thru 5674 
FAX: (886) 2-777-5867 
TLX: 785-11064 DYNAMAR 
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North American 
Authorized Distributor Offices 
All locations are "Hall-Mark Electronics" except as noted. 

ALABAMA Western Microtechnology MASSACHUSETTS 
Huntsville Saratoga Billerica 
Ph: (205) 837-8700 Ph: (408) 725-1660 Ph: (617) 935-9777 

FAX: (408) 255-6491 
ARIZONA (Sales Dept. FAX) MICHIGAN 
Phoenix Detroit 
Ph: (602) 437-1200 COLORADO Ph: (313) 462-1205 

Englewood 
Aved, Inc. Ph: (303) 790-1662 MINNESOTA 
Phoenix Bloomington 
Ph: (602) 951-9788 CONNECTICUT Ph: (612) 881-2600 

Wallingford FAX: (612) 881-9461 
CALIFORNIA Ph: (203) 271-2844 
Rocklin MISSOURI 
Ph: (916) 624-9781 FLORIDA St. Louis 

Clearwater Ph: (314) 291-5350 
San Diego Ph: (813) 541-7440 
Ph: (619) 268-1201 NEW JERSEY 

Orlando Mt. Laurel 
San Jose Ph: (407) 830-5855 Ph: (609) 235-1900 
Ph: (408) 432-4000 

Pompano Beach Fairfield 
Torrance Ph: (305) 971-9280 Ph: (201) 515-3000 
Ph: (213) 217-8400 

GEORGIA NEW YORK 
Tustin Norcross Ronkonkoma 
Ph: (714) 669-4100 Ph: (404) 447-8000 Ph: (516) 737-0600 

Aved, Inc. ILLINOIS Rochester 
San Diego Wooddale Ph: (716) 425-3300 
Ph: (619) 558-8890 Ph: (708) 860-3800 
FAX: (619) 558-3018 NORTH CAROLINA 

IN DIANA Raleigh 
Aved, Inc. Indianapolis Ph: (919) 872-0712 
Tustin Ph: (317) 872-8875 
Ph: (714) 259-8258 OHIO 

KANSAS Solon 
Western Microtechnology Lenexa Ph: (216) 349-4632 
Orange Ph: (913) 888-4747 
Ph: (714) 637-0200 Worthington 
FAX: {714) 998-1883 MARYLAND Ph: (614) 888-3313 

Columbia 
Western Microtechnology Ph: (301) 988-9800 OREGON 
San Diego Western Microtechnology 
Ph: (619) 453-8430 Beaverton 
FAX: (619) 453-1465 Ph: (503) 629-2082 

FAX: (503) 629-8645 
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OKLAHOMA 
Tulsa 
Ph: (918) 254-6110 

TEXAS 
Austin 
Ph: (512) 258-8848 

Dallas 
Ph: (214) 553-4300 

Houston 
Ph: (713) 781-6100 

UTAH 
Aved, Inc. 
Salt Lake City 
Ph: (801) 975-9500 

WASHINGTON 
Western Microtechnology 
Redmond 
Ph: (206) 881-6737 
FAX: (206) 882-2996 

WISCONSIN 
New Berlin 
Ph: (414) 797-7844 

CANADA 

ONTARIO 
Har-Tech Electronics 
Downsview 
Ph: (416) 665-7773 

BRITISH COLUMBIA 
Enerlec 
Surrey 
Ph: (604) 273-0882 



Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph (714) 731-7110, Fax (714) 669-8814 
Printed in U.S .A. 


