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National Semiconductor Advanced Peripherals products in-
clude complex VLSI peripheral circuits designed to serve a
variety of applications. The Advanced Peripherals products
are especially well suited for microcomputer and microproc-
essor systems such.as graphics workstations, personal
computers, and many others. The devices are fully de-
scribed in a series of databooks and handbooks.

MASS STORAGE

The National Semiconductor family of mass storage inter-
face products offers the industry’s highest performance and
broadest range of products for Winchester hard disks and
floppy disks. The Mass Storage Handbook includes com-
plete product information and datasheets as well as a com-
prehensive design guide for disk controller systems.

MEMORY MANAGEMENT

Today’s large Dynamic Random Access Memory (DRAM)
arrays require sophisticated high performance devices to
provide timing and control. National Semiconductor offers
the broadest range of DRAM controllers with the highest
performance available on the market. Controllers are avail-
able for DRAMs from 64k bit through 4M bit devices, sup-
porting memory arrays up to 8 Mbyte in size. For critical
applications, National Semiconductor has developed sever-
al Error Checking and Correction (ECC) devices to provide
maximum data integrity. The Memory Management Hand-
book contains complete product information and several ap-
plication notes detailing complete memory system design.
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LOCAL AREA NETWORKS AND
DATA COMMUNICATIONS

Today’s computer systems have created a huge demand for
data communications and Local Area Networks (LANs). Na-
tional Semiconductor supplies a broad range of products to
fill the needs. The |IEEE 802.3 Standard for Ethernet/Thin
Ethernet LANSs is one of the most popular solutions. Nation-
al Semiconductor provides a complete three-chip solution
for an entire 802.3 design. For processing IBM 3270, 3299
and 5250 Communication Protocols, National offers the
DP8344 Biphase Communications Processor. To drive the
communications lines, National Semiconductor has drivers
and receivers designed to meet all the major standards
such as RS-232, RS-422, and RS-485. Datasheets and ap-
plications information for all these products are in the Data
Communications/UARTs/Local Area Networks Handbook.

GRAPHICS

Sophisticated human interface is a mark of the newest com-
puter systems designs. Today’s personal computer may
have better graphics display capability than engineering
workstations of a few years ago. National Semiconductor
has developed a new family of Advanced Graphics products
to provide extremely high performance, high resolution color
graphics displays. The graphics chip set is designed to pro-
vide the highest level of performance with minimum de-
mands and loading on the system CPU. The graphics sys-
tem may be expanded to any number of color planes with
virtually unlimited resolution. The Graphics Databook con-
tains complete product information.
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Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status

Definition

Formative or
In Design

This data sheet contains the design specifications for product
development. Specifications may change in any manner without notice.

First
Production

This data sheet contains preliminary data, and supplementary data will
be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full
Production

This data sheet contains final specifications. National Semiconductor
Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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DP117-X/DP117-XR/nA117-X/nA117-XR Series =
- - L] - J
Winchester Disk Read/Write Preamplifiers %
<~
]
General Description Features >
The DP117-X/DP117-XR, pA117-X/pA117-XR Series High @ Wide bandwidth, high gain, low noise ]
Performance Read/Write Preamplifiers are intended for use ~ ® Up to eight read/write channels <
in Winchester disk drives which employ center tapped ferrite  m Internal write fault condition detection .;
or maqganese-zipc read/writ9 heads. The circuit can inter- @ 5,0V and 12V power supply voltages >
face wut.h up to e!ght rgad/wnte heads ‘which makgs it. ideal g Independent read and write data lines =
for multi-platter disk drive designs. Designed to reside in the m TTL control and data logic levels ~
Head/Disk Assembly (HDA) of Winchester disk drives, the Ext " bl it t >'<
Read/Write Preamplifiers provide termination, gain, and ™ EXternally programmable write curren =]
output buffering for the disk heads as well as switched write ™ Available with internal damping resistor
current. Certain write fault conditions are detected and re- W Compatible with SSI 117 family
ported to protect recording integrity. The parts are available
with internal damping resistor (DP117-R) and without inter- Part Selection
nal damping resistor (DP117). Device Code Channels
pA117-2 2
pA117-4 4
A117-6 6
Block Diagram (rypical, DP117-X)
ver wus
1L 'y
— CHIP
&> SELECT
woi > WRE | WRME N | UNSAFE
saecr »  croum
R/ DETECTOR
READ EN
3
vy f HoX
ROX ¢ POST READ > Hoy
. AMPLIFIER DIFFERENTIL
Roy <€ READ — » HIX
AMPLIFIERS > HIY
50 > AND
HSt > ﬁﬂ; R WRITE >
HS2 > CURRENT » H2Y
: SWITCHES
> X
(S CHANNELS) > H3Y
CURRENT |
RVERR  |¢ P HaX
HEAD 4 | =
> Hay
A
we
TL/F/9406-7




DP117-X/DP117-XR/uA117-X/pA117-XR

Absolute Maximum Ratings Ai voitages referenced to GND

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Storage Temperature Range
Ceramic —65°Cto +175°C
Plastic —65°Cto +150°C

Operating Junction Temperature Range +25°Cto +135°C '

Lead Temperature

Geramic (Soldering, 60 seconds) 300°C
Plastic (Soldering, 10 seconds) 265°C
Internal Power Dissipation (Notes 1 & 2)
28L-Ceramic DIP 2.50W
24| -Ceramic DIP 1.95W
18L-Ceramic DIP 1.58W
24| -Brazed Flatpak ) 0.97W
24L-Ceramic Flatpak ' 0.90W
28L-PLCC 1.39W
Supply Voltage (Vcc1) 6.0V
Supply Voltage (Vcc2) 15V
Write Current (IWC) 70 mA

Input Voltage Range

Head Select (HS0, HS1, HS2)

Write Current (WC)
Voltage in read and idle modes.
(Write mode must be current
limited to —70 mA)

—0.4VtoVggy + 0.3V

—0.3VtoVggy + 0.3V
Chip Select (CS) —0.4Vto Vggy + 0.3V

Read/Write (R/W) ~0.4VtoVggy + 0.3V
Note 1: T) yax = 150°C for the Plastic, and 175°C for the Ceramic.

DC Supply Voltage ) ]

Vop1) .- CL —0.3Vto +14V

(Vbp2) —0.3Vto +14V

(Vco) —0.3Vto +6.0V
Digital Input Voltage Range ‘

vVin) —0.3Vto Vg + 0.3V
Head Port Voltage Range ‘

(VH) —0.3Vto Vpp + 0.3V
WUS Port Voltage Range

(Vwus) —0.3Vto +14V
Write Current (lw) 60 mA
Output Current (o)

RDX, RDY - =10 mA

VCT —60 mA

wus +12mA
Recommended Operating
Conditions
DC Supply Voltage

(Vpp1) : 12V +10%

(Vop2) 6.5V to Vpp1

(Veo) 5.0V £10%
Head Inductance (Lh) 5.0 uHto 15 uH
Damping Resistor (External) (RD) 5000 to 20002
RCT Resistor (RCT) 900 £5.05 (1oW)
Write Current (lw) 25 mA to 50 mA
RDX, RDY Output Current (o) 0 pAto 100 pA

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 28L-Ceramic DIP at 16.7 mW/°C, the 24L-Ceramic DIP at 13 mW/°C, the
18L-Ceramic DIP at 10.5 mW/°C, the 24L-Brazed Flatpak at 6.5 mW/°C, .the 24L-Ceramic Flatpak at 6.0 mW/°C, and the 28L-PLCC at 11.2 mW/°C.

DC Characteristics 25:c < T, < 125°C, Vpps = 12V, Vg = 5.0V, unless otherwise specified

Symbol Parameter Conditions Min Max Units
Icc Supply Current Read/Idle Mode 25 mA
Write Mode 30
Ibp Supply Current Idle Mode 25
Read Mode 50 mA
Write Mode 30 + Iw ,
Pc Power Consumption Ty = 125°C Idle Mode 400
Read Mode 600
Write Mode, mwW
lw = 50 mA
RCT = 900 850
RCT = 00 1050
ViL Digital Input Voltage LOW -03 0.8 \
ViH Iputs | nput Voltage HIGH 2.0 Voo + 0.3 v
IiL Input Current LOW ViL = 0.8V -04 mA
IH Input Current HIGH ViH = 2.0V 100 BA
VoL WUS Output loL = 8.0 mA 0.5 Vv
loH VoH = 5.0V 100 pA
Vet Center Tap Voltage Read Mode 4.0 (typ) \)
Write Mode 6.0 (typ) \




Write Characteristics vpp; = 12V, Ve = 5.0V, Iy = 45mA, Lh = 10 pH, f (Data) = 5.0 MHz, CL (RDX, RDY)
< 20 pF, Rp ext = 7509 or Rp |nT, unless otherwise specified

Parameter Conditions Min Max Units
Write Current Range 10 50 mA
Write Current Constant “K” 133 147 A
Differential Head Voltage Swing 5.7 V (pk)
gg:zlg;tzg rl‘::lfferenual 20 mA (pk)
Differential Output Capacitance 15 pF
Differential Output Resistance Without Internal Resistors 10k Q

With Internal Resistors 538 1.0k

WD Transition Frequency WUS = LOW 400 (typ) kHz
lwc to Head Current Gain 18 (typ) mA/mA

Read Characteristics vpp, = 12v, Voo = 5.0V, Lh = 10 pH, f (Data) = 5.0 MHz, CL (RDX, RDY) < 20 pF,
(Vin is referenced to Vcr), Rp ext = 75090 or Rp |NT, unless otherwise specified

Parameter Conditions Min Max Unit
Differential Voltage Gain \F/‘,l,:,(R 01)(;), :X?ﬁ% 3t) 32016‘1)-1;9 80 120 VIV
Dynamic Range Input Voltage, V|, where gain falls by 10%. _20 20 mv

Vin = Vi + 0.5 mVp_p at 300 kHz
Bandwidth (—3 dB) 1Zs1<5.0Q,Viy = 1.0mVp_p 30 MHz
Input Noise Voltage BW = 15MHz, Lh = 0,Rh = 0 2.1 nv/yHz
Differential Input Capacitance f = 5.0 MHz 23 pF
Differential Input Resistance f = 5.0 MHz Without Internal Resistors 2k Q
With Internal Resistors 440 850
Input Bias Current 45 pA
Common Mode Rejection Ratio Vem = Vet + 100 mVp_p at 5.0 MHz 50 dB
Power Supply Rejection Ratio 100 mVp_p at 5.0 MHz on Vpp+, Vpp2 or Vec 45 dB
Channel Separation Unselected Channels: Viy = 100 mV,_p at 45 dB
5.0 MHz and Selected Channel: Viy = 0 mVp_p
Output Offset Voltage —480 480 mV
Common Mode Output Voltage 5.0 7.0 \
Single Ended Output Resistance f = 5.0 MHz 35 1)
Internal Damping Resistor 560 1070 Q

UX-LLLYT/X-LLLVT /HX-20LdA/X-L AT




DP117-X/DP117-XR/pA117-X/pA117-XR

Switching Characteristics vpp; = 12v, Voo = 5.0V, T, = 25°C, I = 45 mA, Lh = 10 pH,
f (Data) = 5.0 MHz, Rp gxt = 7509 or Rp |nT, unless otherwise specified

Symbol Parameter Conditions Min Max Units
R/W R/W to Write Delay to 90% of Write Current 1.0
R/W to Read Delay to 90% of 100 mV, 10 MHz Read Signal 1.0 pns
Envelope or to 90% Decay of Write Current :
(o] CS to Select Delay to 90% of Write Gurrent or to 90% of 10
: 100 mV, 10 MHz Read Signal Envelope : us
CS to Unselect Delay to 80% Decay of Write Current 1.0 '
HSO0 to Any Head Delay to 90% of 100 mV, 10 MHz Read
HS1 Signal Envelope 1.0 us
HS2
wus Safe to Unsafe—TD1 lw = 50 mA 1.6 8.0 us
Unsafe to Safe—TD2 lw = 20 mA 1.0
Head Propagation Delay—TD3, TD4 Lh = 0 uH, Rh = 0Q 25
Current . from 50% Points
Asymmetry WDI has 50% Duty Cycle and 2 ns
1 ns Rise/Fall Time
Rise/Fall Time 10%-90% Points 20

Connection Diagrams

18-Lead Molded DIP : 22-Lead Molded DIP
st ~ 18|—HsO i | ~ 22 |—Hs0
oND—{ 2 17 f-woi eN—={2 21}=Hst
Nc—{3 16~ Vpoq Hox—{ 3 20 f-wo1
Hox—] 4 15 =Vpo2 Hoy —{ 4 19 |=Vppq
HoY—5 14}=ver : HiX—]5 18 =Vppy
R/M—16 13=H1X HiY—{6 17 p=veT
we—7 12=H1Y H2x—{7 16 }=H3X
RDX—{ 8 11}=wus H2Y—{8 15 f=H3Y
RDY =49 10 f=Vec R/W—9 14}—wus
‘ we— 10 13}-vee
Top View TL/F6408-1 RDX =1 12}~Rov
‘tOrder Number nA1172DC or nA1172RDC TL/F/9406-2
t1See NS Package Number N18A Top View

‘tOrder Number nA1174PC or nA1174RPC
T1See NS Package Number N22A

TFor most current order information, contact your local sales office.
t1For most current package information, contact product marketing.
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Connection Diagrams (continued)

(=)
b
-t
b
~
28-Lead DIP >'<
o o
1 28
HSO = = HS1 o
c_si s =
ND— 2 woi X
4 25 ;
HOX ;;VDDI ~~
-t =
HOY'? m Voo2 >
HiX = VCT -
2 N
H1Y = —H5X )
21 3
H2X = —=HSY ‘E
H2y = = Hax >
10 19 -
R/W = —H4Y pry
Wem L Hax o
12 17 >
WC— —H3Y ]
13 16
RDX — —Wus
14 15
RDY = Ve
TL/F/9406-6
Top View

‘tOrder Number pA1176PC or nA1176RPC
t1tSee NS Package Number N28B

28-Lead PLCC

x a QO v N =

2z1B824e 28

| T T T T |

[=)

4 3 2 1 28 27 26
HoY —{5 25 = Vpps
HiIX =16 24~ Voo
HIY -7 23 = ver
N2X =18 22— H5X
N2Y =19 21— H5Y
R/W —{10 20 |- Hax
wcj 1 . 19 = Hay

12 13 14 15 16 17 18

LI LI

£33 5258

TL/F/9406-5
Top View

TOrder Number nA1176QC or n.A1176RQC
ttSee NS Package Number V28A

‘+For most cument order information, contact your local sales office.
‘ttFor most current package information, contact product marketing.




DP117-X/DP117-XR/pA117-X/pA117-XR

Functional Description

In the Write mode, the DP117-X/DP117-XR, pA117-X/
1A117-XR Series accepts TTL compatible write data pulses
on the WDI lead. On the falling edge of each write data
pulse, a current transition is made in the selected head.
Head selection is accomplished via TTL input signals: HSO,
HS1, HS2 (see Table Il). Internal circuitry senses the follow-

Any or all of the above conditions would result in a high level
on the write unsafe (WUS) output signal.

During read operations, the DP117-X amplifies the differen-
tial voltages appearing across the selected R/W head lead
and applies the amplified signal differentially to data lines
RDX and RDY.

ing conditions:

1. Absence of data transitions.
2. Open circuit head connection.
3. Absence of write current.

4. Short circuit head connection.
5. Idle or read mode.

Pin Descriptions

Lead Name Function

CS Chip Select Chip Select High disables the read/write function of the device and forces idle
mode. (TTL)

R/W Read/Write Select A Logic High places the devices in read mode and a Logic Low forces write
mode. Refer to Table I. (TTL)

HOX, Y Read/Write Head The DP117 has five pairs of read/write connections. The X and Y phases are

through H5X, Y Connections made consistent with the read output, RDX and RDY, phases. (Differential)

RDX, Y Read Data Outputs The chip has one pair of read data outputs which is multiplexed to the
appropriate head connections. (Differential)

HSO Head Select Inputs The eight read/write heads are addressed with the head select inputs. Refer to

through HS2 Table li. (TTL)

WC Write Current Input This lead sets the current level for the write mode. An external resistor is
connected from this lead to ground, and write current is determined by the value
of this resistor divided into the write current constant K, which is typically 140V.

WDI Write Data Input The write data input toggles the write current between the X and Y selected head
connections. Write current is switched on the negative edge of WDI. The initial
direction for write current is the X side of the switch and is set upon entering read
or idle mode. (TTL)

Vbp2 Resistor Center Tap In some versions (determined by lead availability) of the DP117-X series, a
resistor may be connected between RCT and Vpp1 to reduce internal power
dissipation. If this resistor is not used, RCT must be connected externally to
Vbp1.

VCT Center Tap Voltage The center tap output provides bias voltage for the head inputs in read and write
mode. It should be connected to the center tap of the read/write heads.

wus Write Unsafe A high logic level at the write unsafe output indicates a fault condition during
write. Write unsafe will also be high during read and idle mode. (Open collector)

TABLE . Read/Write Select TABLE Il. Head Select Inputs
Operating Modes Head Selection
Chip Select CS Read/Write R/W Mode HSO Hs1 Hs2 Hea: stele:ted

1 X Idle (Note 1)

0 1 Read 0 0 0 0
1 0 0 1

0 0 Write 0 1 0 2
1 1 0 3
o] 0 1 4
1 0 1 5

Note 1: If selected head is beyond the capacity of the DP117-X model, the
open input condition on the selected input will be reported as an unsafe level
at the WUS output.
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Timing Diagrams

son £

sox £

Vwp

DIFFERENTIAL

L— tp3

0 mA

HEAD CURRENT

Vwus

— to4

FIGURE 1. Head Current Timing

50%

TL/F/9406-8

DATA

thp—

HEAD OVERSHOOT
VOLTAGE

(Vws» Vns)

.

2.0v

FIGURE 2a. Unsafe to Safe Timing

[

LOAD CAPACITANCE = 20 pF
PULL UP UP RESISTOR = 1.0 kQ

TL/F/9406~-9

U U

LOAD CAPACITANCE = 20 pF
FULL UP RESISTOR = 1.0 k@

FIGURE 2b. Safe to Unsafe Timing

TL/F/9406-10
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DP501X/DP501XR/1A501X/nA501XR

Natlonal
‘Semiconductor

DP501X/ DP501 XR/ p.A501X/ p,A501 XR Senes
6 or 8 Channel Read/Write Circuit

General Description

The nA501X/uA501XR devices are bipolar monollthlc inte-
grated circuits designed for use with center-tapped ferrite
recording heads. They provide a low noise read path, write
current control, and data protection circuitry for eight chan-
nels. The nA501X/uA501XR requires +5.0V and +12V
power supplies and is available in a variety of packages.
The nAS01XR differs from the nA501X by having internal
damping resistors.

Features

® +5.0V, +12V power supplies

m Single- or multi-platter Winchester drives
m Designed for center-tapped ferrite heads
m Programmable write current source

® Easily multiplexed for larger systems

B Includes write unsafe detection

® TTL compatible control signals

Block Diagram A
Vo1 Veo GND wus Voo2 ver
l }
WRITE CENTER .
UNSAFE TP HOX
DETECTOR DRIVER - ———HOY
R/W A f .
1%
MODE "
SELECT p———H1Y
6 —o READ. READ :
BUFFER PREAMP S %
. H2Y
RDX A yd
RDY (‘ < .
——H3X
N WRITE N v
ORIVER MULTIPLEXER
S o NG
WOFF _ > ——HaX
WDI ot Q HeY
o comen H5X
d SOURCE H5Y
HSO
Hs2 ———H6Y
fr———H7 X
we HTY
TL/F/9407-6
Note: Caution: Use handling proced r y for a static sensitive component.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Range
Ceramic DIP and Flatpak
Molded DIP and PLCC

Operating Temperature Range

Lead Temperature
Ceramic DIP and Flatpak

—65°Cto +175°C
—65°Cto +150°C

0°Cto +70°C

WUS Port Voltage Range —0.3Vto +14V
1 Write Current 60 mA
Output Current
RDX and RDY —10mA
VCT —60 mA
WUS +12mA

Note 1: All voltages referenced to GND.
Note 2: Tj max = 150°C for the Plastic, and 175°C for the Ceramic.
Note 3: Ratings apply to ambient temperature at 25°C. Above this tempera-

(Soldering, 60 seconds) 300°C ture, derate the 28L-Ceramic DIP at 16.7 mW/°C, the 28L-Plastic DIP at
15.3 mW/°C, the 32L-Brazed Flatpak at 12.5 mW/°C, the 40L-Ceramic DIP
Molded D.IP and PLCC o at 20.1 mW/°C, the 40L-Plastic DIP at 20 mW/°C, the 28L-Plastic LCC at
(Soldering, 10 seconds) 265°C 11.2 mW/°C, and the 44L-Plastic LCC at 15.3 mW/°C.
Internal Power Dissipation (Notes 2 & 3)
ggt-gfratfnig:gw fgga Recommended Operating
-Plastic . ays
32L-Brazed Flatpak 1.88W Conditions
40L-Ceramic DIP 2.65W DC Supply Voltage
40L-Plastic DIP 2.5W VD1 12V £10%
28L-Plastic LCC 1.39W Vee 5V £10%
44| -Plastic LCC 1.92W Head Inductance (Lh) 5.0 pH to 15 pH
DC Supply Voltage Damping Resistor (External)
Vpp1 and Vppz —0.3Vto +14V RD (DP501X Only) 50012 to 200092
Vee —03Vto +6.0V RCT Resistor 900 +5.0% (W)
Digital Input Voltage Range —0.3Vto Vgg + 0.3V Write Current () 25 mA to 50 mA
Head Port Voltage Range —0.3Vto Vpp + 0.3V
DC Electrical Characteristics
Vpp1 = 12V £10%, Voo = 5.0V £10%, 0°C < Tp < +70°C, unless otherwise specified
Symbol Parameter Conditions Min Max Units
lcc Supply Current Read/Idle Mode 25 mA
Write Mode 25
lop Supply Current Idle Mode 20
Read Mode 40 mA
Write Mode 20 + lw
Pc Power Consumption 25°C < Ty < 135°C Idle Mode 400
Read Mode 650
Write Mode,
lw = 50 mA, 880
RCT = 900 mw
Write Mode,
lw = 50 mA, 1060
RCT = 0Q
ViL Digital Input Voltage LOW -0.3 0.8 \"
Viy Inputs: | |nput Voltage HIGH 20 Voo + 0.3 v
L Input Current LOW ViL = 0.8V —-0.4 mA
liH Input Current HIGH ViH = 2.0V 100 nA
VoL WUS Output loL = 8.0 mA 0.5 \"
loH VoH = 5.0V 100 rA
Ver Center Tap Voltage Read Mode 4.0 (typ) v
Write Mode 6.0 (typ) \"

HX0SVY™/XL0SY" /HX10Sda/X}0Sda




DP501X/DP501XR/p.A501X/uA501XR

Write Characteristics vpp; = 12V £10%, Voo = 5.0V £10%, 0°C < Tp < +70°C, ly = 45 mA, Lh = 10 pH,
Rd = 7500 (DP501X only), f(Data) = 5.0 MHz, CL (RDX, RDY) < 20 pF, unless otherwise specified

Parameter Conditions Min Max Units
Write Current Range 10 50 mA
Write Current Constant “K” 129 151 \'/
Differential Head Voltage Swing 7.5 V (pk)
Unselected Head Transient Current 50uH < Lh<9.5uH 2.0 mA (pk)
Differential Output Capacitance 15 pF
Differential Output Resistance Without Internal Resistors 10k Q

With Internal Resistors 560 940

WDI Transition Frequency WUS = LOW 250 kHz
Head Current Gain to lwc ('lwwa) 20 (typ) mA/mA
Unselected Head Leakage Sum of X and Y Side Current [ 85 - pA

Read Characteristics vpp; = 12V £10%, Vgg = 5.0V £10%, ly = 45 mA, CL (RDX, RDY) < 20 pF, (Viy is
referenced to Vgr), 0°C < Tp < + 70°C, Lh = 10 pH, Rd = 7509, f(Data) = 5.0 MHz unless otherwise specified

Characteristic Condition Min Max Unit

Differential Voltage Gain ViN = 1.0 mVpp at 300 kHz 80 120 VIV
RL (RDX), RL (RDY) = 1.0 k2 (AC coupled)

Dynamic Range Input Voltage, V|, where Gain Falls by 10% _a0 3.0 mv
ViN = Vi + 0.5 mVpp at 300 kHz

Bandwidth (—3 dB) |2s| < 5.00, VN = 1.0 mVpp 30 MHz

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

Differential Input Capacitance f=5.0MHz 23 pF

Differential Input Resistance f = 5.0MHz, Without Internal Resistors 2k Q
ViN < 6 mVpp With Internal Resistors 530 790

Input Bias Current (per Side) 100 pA

Common Mode Rejection Ratio Vom = Vet + 100 mVpp at 5.0 MHz 50 dB

Power Supply Rejection Ratio 100 mVpp at 5.0 MHz on Vpp4, Vppa, or Vco 45 dB

Channel Separation Unselected Channels: Vjy = 100 mVpp at 45 B
5.0 MHz and Selected Channel: Vi = 0 mVpp

Output Offset Voltage —480 480 mV

Common Mode Output Voltage Read Mode 5.0 7.0 v

Write/Idle Mode 4.3 (typ)

Single Ended Output Resistance f = 5.0 MHz 30 Q

External Resistive Load Per Side to GND 100 Q

(AC Coupled to Output)

Leakage Current (RDX, RDY) 5.0 < RDX, RDY < 8.0V Write or Idle Mode -50 50 nA

Center Tap Output Impedance 0<f<50MHz 150 (1)

Output Current AC Coupled Load RDX to RDY 2.0 mA




o
. . T 0
Switching Characteristics vop; = 12v £10%, Voo = 5.0V £10%, 0°C < Ta < +70°C, lw = 45mA,Lh = | &
10 pH, Rd = 7500, f(Data) = 5.0 MHz, unless otherwise specified ;<l-
Symbol Parameter Conditions Min Max Units a
— — O
R/W R/W to Write Delay to 90% of Write Current 600 g
R/W to Read Delay to 90% of 100 mV, 10 MHz Read Signal 600 ns ;2
Envelope or to 90% Decay of Write Current E
cs CS to Select Delay to 90% of Write Current or to 90% of 600 ’;
100 mV, 10 MHz Read Signal Envelope ns ccn,
CS to Unselect Delay to 90% Decay of Write Current 600 ;
HSO0 to Any Head Delay to 90% of 100 mV, 10 MHz Read Signal ‘;
HS1 Envelope 600 ns E
HS2 ot
wus Safe to Unsafe—TD1 lw = 50 mA 1.6 8.0 s 25
Unsafe to Safe—TD2 lw = 20 mA 1.0
Head Propagation Delay—TD3 Lh = 0 uH, Rh = 0Q 30
Current from 50% Points
Asymmetry WDI has 50% Duty Cycle and 2 ns
1 ns Rise/Fall Time
Rise/Fall Time 10%-90% Points 20

Write Mode Timing Diagram
Wl )

~—1D2 —— TD1 ——
wus

HEAD ===
CURRENT

(1x = ly)

TL/F/9407-8




DP501X/DP501XR/1A501X/1A501XR

Connection Diagrams

44-Lead PLCC
R - RN A
T T T I I O I T I |
=

6 5 4 3 2 1 4443 42 41 40
H2X 47 39|=NC
H2y {8 38R
H3X =9 37} we
H3Y =10 36 |- RDY
HaX {11 35|~ RDX
HaY <12 34— Hso
HsX =13 33|~ Hst
HEX =414 32 =Hs2
HeX —{ 15 31| Vee
HeY 16 30 |- wi
Ne—{17 29}~ wus

18 19 20 21 22 23 24 25 26 27 28

TT VT T T T T T TT1

2EESE >§>§ gegegee

TL/F/9407-2
Top View

Order Number 1A5018QC or nA5018RQC
See NS Package Number V44A

40-Lead DIP
Ny
HOX =41 40 }=GND
HoY =42 391=NC
Ne—3 38]=NC
NC—4 37=NC
HIX={5 36~CS
HIY—{6 351=R/W
H2x—{7 34=-we
H2y—{8 33 f=R0Y
H3X—{9 32 |=RDX
H3Y =110 31]=Hs0
Hax—411 30 |=Hst
Hay =112 29 |=Hs2
H5X =113 28 [=Vee
H5Y—{14 27 f=wol
Hex—{15 26 f—wus
HeY =116 25 =NC
Ne—{17 24 ~NC
Ne—{18 23 |=Vpp,
H7X =419 22 [=Vppy
H7Y—] 20 21f=ver
TL/F/9407-1
Top View
Ceramic DIP

*Order Number 1A5018DC or 1A5018RDC
**See NS Package Number J40A

Molded DIP
*Order Number 1A5018PC or nA5018RPC
**See NS Package Number N40A

*For most current order information, contact your local sales office.
**For current package information, contact product marketing.

28-Lead PLCC
58882,
o

73 2 1282 2
H2x =5 5f-rm
H2Y =16 24}=we
H3x =7 23}=rov
H3Y =8 22}=R0X
Hax—{ 9 21}-Hso
Hey {10 20}~ Hst
HX =] 1 19|-Hs2

12 13 14 15 16 17 18

T é LA

TL/F/9407-3
Top View

Order Number .A5016QC or nA5016RQC
See NS Package Number V28A

28-Lead DIP
N\
HOX =41 28 |—GND
Hoy—{2 27 f=Ne
HIX—3 26—-C5
HIY—14 25 =R/W
H2x—{5 24 |—we
H2y—46 23 [~R0Y
H3x=—17 22 f=R0X
H3Y—18 21}=HS0
Hax—{9 20 f=Hs1
HeY =410 19|=Hs2
H5X =411 18 =Vee
Hsy—{12 17}=woi
ver—{13 16 f~wus
Vop2 = 14 15 |=Vpp

Top View

TL/F/9407-5

Order Number 1A5016DC or nA5016RDC

See NS Package Number J28A

Order Number nA5016PC or nA5016RPC
See NS Package Number N28B




Application Information

5.0V 12v
I | Rt (NOTE 2)
! - $ (NOTE 1)
Vee Voor Vo2 veT | (NOTE 4)
WUs HoX
1: 3—4
HoY
R/W HIX <
s 3 3—-1
H1Y
H2X
3 §—<
H2Y
HSO H3X
HS1 3 3—4
HS2 H3Y
Wo! H4Y
3 i—o
H4Y
(NOTE 3) H5X
_1—_' RDX 3 §_1
H5Y
I|__ RDY
1
1k :: Stka HeX
> > S
[ HeY
— RWC
VWV we H7X
3 a—
GND H7Y

TL/F/9407-7
Note 1: An external 1,W resistor, RCT, given by RCT = 90 (50/1w)Q2, where ly is in mA can be used to limit internal power dissipation. Otherwise connect Vpp, to
Vop1-
Note 2: A ferrite bead (Ferroxcube 5659065/4A6) can be used to suppress write current overshoot and ringing induced by flex cable parasitics.
Note 3: Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF.
Note 4: Damping resistors required on DP501X only.

HX10SY™/X1L0SY ™ /HX10SdA/X105da




DP501X/DP501XR/nA501X/A501XR

Pin Descriptions
TABLE I. Description of Lead Functions

Name Functions

HS0-HS2 | Head Select

CsS Chip Select: a low level enables device.

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

WUs Write Unsafe: a high level indicates an unsafe
writing position.

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

HOX-H7X | X, Y Head Connections

HOY-H7Y

RDX, RDY | X,Y Read Data: differential read signal out.

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

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

Vee +5.0V

Vbp1 +12v

Vbp2 Positive power supply for the center tap
voltage source.

GND Ground

Circuit Operation

The nA510X/uA501XR functions as a write driver or as a
read amplifier for the selected head. Head selection and
mode control are described in Tables Il and lil. Both R/W
and CS have internal pull-up resistors to prevent an acci-
dental write condition.

WRITE MODE

The Write mode configures the uA510X/uA501XR as a cur-
rent switch and activates the Write Unsafe Detector. Head
current is toggled between the X- and Y-side of the record-
ing head on the falling edges of WDI, Write Data Input. Note
that a preceding read operation initializes the Write Data
Flip-Flop, WDFF, to pass current through the X-side of the
head. The magnitude of the write current, given by
lw = K/Rwe, where K = Write Current Constant

is set by the external resistor, Rwe, connected from lead
WC to GND.

TABLE Ii. Mode Select

(3 R/W Mode
0 0 Write
0 1 Read
1 X Idle
TABLE lll. 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

Any of the following conditions will be indicated as a high
level on the Write Unsafe, WUS, open collector output.

® Head open

® Head center tap open

e WDI frequency too low

o Device in Read mode

® Device not selected

® No write current

After the fault condition is removed, two negative transitions
on WDI are required to clear WUS.

READ MODE

In the Read mode the pA510X/nA501XR is configured as a
low noise differential amplifier, the write current source and
the write unsafe detector are deactivated, and the write data
flip-flop is set. The RDX and RDY outputs are driven by
emitter followers and are in phase with the “X” and “Y”
head ports. They should be AC coupled to the load.

Note that the internal write current source is deactivated for
both the Read and the chip deselect mode. This eliminates
the need for external gating of the write current source.




Section 2
Winchester Disk
Servo Control




Section 2 Contents

DP24H80/.A24H80 Winchester Disk Servo Preamplifiers ..................oooiiiiina, 2-3
DP2580/uA2580 Winchester Disk Servo Preamplifiers ...................coooiiiiiiat, 2-5
DP2460/DP2461/uA2460/uA2461 Servo Control Chips ...........ooiiiiiiiiient, 2-7
2470A Servo Demodulator. . . .....v vt e e 2-13

2-2




National
Semiconductor

DP24H80/1A24H80

Winchester Disk Servo Preamplifier

General Description

The DP24H80/11A24H80 provides termination, gain, and im-
pedance buffering for the servo read head in Winchester
disk drives. It is a differential input, differential output design
with fixed gain of approximately 100. The bandwidth is guar-
anteed greater than 30 MHz.

The internal design of the DP24H80/1A24H80 is optimized
for low input noise voltage to allow its use in low input signal
level applications. It is offered in 8-lead DIP, 10-lead flatpak,
or SO-8 package suitable for surface mounting.

Features

® Low input noise voltage

m Wide power supply range (8V to 13V)

m Internal damping resistors (1.3 kQ2)

| Direct replacement for SSI 101A, with improved per-
formance

Connection Diagrams
8-Lead DIP and SO-8 Package

\/

+IN—1

=IN=—2
NC—3
V=-—14

TL/F/9408-1
Top View

Ceramic DIP
t Order Number nA24H80RC
i See NS Package Number JOSA

Molded Surface Mount
T Order Number 1A24H80SC
I See NS Package Number MOSA

Molded DIP
T Order Number A24H80TC
t See NS Package Number NOSE

t For most current order information, contact your local sales office.
§ For current package information, contact product marketing.

10-Lead Ceramic Flatpak

</
+IN—11 10 f=NC
=IN— 2 ] 2
NC—3 8 p—-0uT
V=-—4 7 p=+0UT
NC—5 6 —=NC
TL/F/9408-2
Top View

t Order Number .A24H80FC
} See NS Package Number F10B

Pin Descriptions

Name Description of Functions

V+ Positive Differential Supply with Respectto V—
V- Negative Differential Supply with Respect to V+
+IN Positive Differential Input

—IN Negative Differential Input

+OUT | Positive Differential Output

—OUT | Negative Differential Output

NC No Connection

2-3
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DP24H80/1.A24H80

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature Range
Ceramic DIP and Flatpak
Molded DIP and SO-8

Operating Temperature Range

Lead Temperature
Ceramic DIP and Flatpak

—65°Cto +175°C
—65°Cto +150°C

0°Cto +70°C

(Soldering, 60 seconds) 300°C
Molded DIP and SO-8
(Soldering, 10 seconds) 265°C

Internal Power Dissipation (Notes 1 & 2)

8L-Ceramic DIP 1.30W
8L-Molded DIP 0.93W
SO-8 0.81W
10L-Flatpak 0.79W
Supply Voltage 15V
Output Voltage 15V
Differential Input Voltage +10V

Note 1: Tj yax = 150°C for the Molded DIP and SO-8, and 175°C for the
Ceramic DIP and Flatpak.

Note 2: Ratings apply to ambient temperature at 25°C. Above this tempera-
ture, derate the 8L-Ceramic DIP at 8.7 mW/°C, the 8L-Molded DIP at 7.5
mW/°C, the SO-8 at 6.5 mW/°C, and the Flatpak at 5.3 mW/°C.

Electrical Characteristics T, = 25°C, vcc = 8V to 13.2V, unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
G Gain (Differential) Rp = 1309, Vcc = 12V 80 100 120

(Note 4) Rp = 1300, Voo = 12V 7 130

Ta = 0°Cto +70°C

BW Bandwidth (3.0 dB) (Note 2) Vi =05mVp,p 30 65 MHz
Ry Input Resistance 1040 1300 1560 Q
C Input Capacitance 3 pF
Vi Input Dynamic Range (Differential) Rp = 130Q, Vg = 12V 3 mVpp
Is Supply Current Vee = 12V 20 25 mA
AVo Output Offset (Differential) Rp = 1300, Rg = 00 200 mwW
Vn Equivalent Input Noise Rg = 09, BW = 4 MHz

(Notes 2 & 3) 15 2 w
PSRR Power Supply Rejection Ratio Rs = 00, f = 5 MHz 55 70 dB

(Note 1)
AG/AV Gain Sensitivity (Supply) Rp = 1300, AVge = +£10% +0.5 % /N
AG/AT Gain Sensitivity (Temp) Rp = 1300, T = 25°Cto +70°C —-0.1 %/°C
CMR Common Mode Rejection f=5MHz

(Note 1) (Input) 60 75 d8
Note 1: Tested at DC, guaranteed at frequency. Typ Max Unit Condition
Note 2: Guaranteed, but not tested in production. 3 4 Y BW = 15 MHz2
Note 3: Equivalent input noise (additional specification): 0.85 10 nVAHz BW = 15MHz2

Typical Applications

V+

< <
. h i:RL::RL
c
N 5 i1

) M% _|c|__ll

1.

SERVO
HEAD

2 R ::R
> "EQ 1; EQ

1H

V= TL/F/9408-3

Note 1: Leads shown for 8-lead DIP.
Note 2: Rqq is equivalent load resistance.
R *Req

Note 3: R, = AL * Reg

Note 4: G = 0.77 Ry
Where Rp = value from Note 3 (above) in ohms.
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National
Semiconductor

DP2580/..A2580
Winchester Disk Servo Preamplifier

0852V /0852da

General Description Features

The DP2580 provides termination, gain, and impedance M Low input noise voltage Typ. 0.5 nV/yHz
buffering for the thin film servo read head in Winchester disk ~ m Wide power supply range 8V to 13V
drives. It is a differential output design with fixed gain of m Internal damping resistors 1 kQ
approximately 250. The bandwidth is guaranteed greater

than 30 MHz.

The internal design of the DP2580 is optimized for low input
noise voltage to allow its use in low input signal level appli-
cations. It is offered in 8-lead ceramic DIP, 10-lead Flatpak,
and an SO-8 package suitable for surface mounting.

Connection Diagrams

8-Lead DIP and SO-8 Package 10-Lead Ceramic Flatpak
./
+IN—{1 ~ 8j—-NC +IN—{1 10|—=NC
=IN—{2 7h=vs =IN—{2 9f-v+
NC—3 6 p—-0uT NC—3 8 p—-0uT
V=—14 5 p=—+0UT V=-—4 7 p—=+0UT
TL/F/9409-1 Nc—s 6[—NC
Top View
TL/F/9409-2
TOrder Number ;LA2SSODC Top View
T1See NS Package Number NOSE
9 TOrder Number nA2580FC
‘tOrder Number nA2580SC t1See NS Package Number F10B

TTSee NS Package Number MOBA

Pin Description

Name Function

+IN Positive Differential Input

—IN Negative Differential Input

NC No Connection
A\ Negative Differential Supply with Respect to
Vee

+OUT | Positive Differential Output
—OUT | Negative Differential Output
v+ Positive Differential Supply with Respect to Vg

NC No Connection

TFor most current order information, contact your local sales office.
T1For most current pack inf ion, contact prod ketil
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DP2580/.A2580

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Range

Internal Power Dissipation (Notes 1 and 2)

8L—Ceramic DIP 1.3W
10L—Flatpak 0.79W
SO-8 ) 15V
Supply Voltage . . 15v
Output Voltage - . 15V
Differential Input Voitage +1V

Note 1: T; Max = 150°C for the SO-8, and 175°C for the Ceramic DIP and
Flatpak. .
Note 2: Ratings apply to ambient terhperature at 25°C. Above this tempera-
ture, derate the 8L—Ceramic DIP at 8.7 mW/°C, the 10L—Flatpak at 5.3

Ceramic DIP and Flatpak —65°Cto +175°C
SO-8 —65°C to +150°C
Operating Temperature Range 0°Cto +70°C
Lead Temperature
Ceramic DIP and Flatpak
(Soldering, 60 seconds) 300°C
SO-8 .
(Soldering, 10 seconds) 265°C

Electrical Characteristics Ta = 25°C,V+ — V— = 8V to 13.2V, unless otherwise specified

mW/°C, and the SO-8 at 6.5 mW°C.

Symbol Parameter Conditions Min Typ Max Units
G Gain (Differential) Rp = 1009, (V+) — (V=) = 12V 250
BW Bandwidth (3 dB) V) =0.5mVpp 30 65 MHz
Ry Input Resistance 300 Q
C Input Capacitance 35 pF
\ Input Dynamic Range (Differential) Rp = 1009, (V+) — (V=) = 12V 1 mVpp
Is Supply Current (V+) — (V=) =12V 28 40 mA
AVp Output Offset (Differential) Rs = 0, Rp = 1000 : 600 600 mV
Vn Equivalent Input Noise BW = 4 MHz 0.6 nv/yHz
PSRR Power Supply Rejection Ratio Rs = 0Q,f = 5MHz 50 65 0.90 dB
AG/V Gain Sensitivity (Supply) A(V+) — (V=) £10%, Rp = 100Q 0.5 %IV
AG/T Gain Sensitivity (Temp.) Ta = 25°C to 70°C, Rp = 100Q 0.16 %/°C
CMR Common Mode Rejection (Input) f=5MHz 60 70 dB
Typical Applications (Notes 1-4)
v+
ol EE R i- R .
SERVO DP25§) S C : :
| H—
SR %E Reg
T
v- TL/F/9409-3

Note 1: Leads shown for 8-lead DIP.
Note 2: Req is equivalent load resistance.

.n _ BL*Req
Note 3: R, AL+ Req
Note 4:G = 2.5Rp
Where Rp = value Note 3 (above) in Q.
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National
!kﬁnmnndudkn

DP2460/DP2461, n.A2460/1.A2461 Servo Control Chips

General Description

The DP2460 and DP2461 provide the analog signal pro-
cessing required between a drive resident microprocessor
and the servo power amplifier for Winchester disk closed
loop head positioning. The DP2460 and DP2461 receive
qQuadrature position signals from the servo channel; and
from these, derive actual head seek velocity as well as posi-
tion-mode off-track error. In the seek mode, the Digital to
Analog Converter (DAC) is used to command velocity, while
actual velocity is obtained by differentiating the quadrature
position signals provided at V1 for external processing. The
velocity signal (V2), obtained by integrating the motor cur-
rent, is also available for extra damping, if desired. Further,
the DAC may be used for detenting the head off-track for
any purpose such as thermal compensation or soft-error re-
tries. . .

Features

®m Microprocessor compatible interface

® Quadrature di-bit compatible

m On board DAC )

m Velocity V1 derived from position signal
= Velocity V2 derived from motor current
m Quarter-Track-Crossing signal outputs
® Minimal external components

m Compatible with DP2470 demodulator

Connection Diagrams

28-Lead Ceramic DIP
-/
00 -1 28} ve
D12 27 |- DIRECTION IN/OUT
02 -3 26 |- CLOCK IN
034 25 - oac our
p4-5 24 | MOTOR CUR-
05 —6 23 |- MOTOR CUR*
06 7 22}~ veLocny 2
078 21}~ verocrry 1
LATCH ENABLE - 9 20}~ PosTIoN out
SEEK/FOLLOW —4 10 19}~ ANALOG SW
RO 11 18} ANALOG sW
R2 412 17 -om}om
TR1—113 16}~ NIN [ POSITION SIGNALS
oND 14 15}~ ANALOG COMMON

TL/F/9410-1
Top View

‘TOrder Number 1.A2460DC or .A2461DC
T1See NS Package Number J28A

TFor most current order information, contact your local sales office.
11For most current package information, contact product marketing.

28-Lead PLCC

z =z
5 =
Baz8 2823
I T I |
(@)
4 3 2 1 28 27 26
D4—5 25— DAC OouT
D5—6 24 — MOTOR CUR-
D6 —7 23— MOTOR CUR+
D7—8 22 |— VELOCITY 2
LATCH ENABLE —{ 9 21— VELOCITY 1
SEEK/FOLLOW —} 10 20 |— POSITION OUT
TRO —] 11 19— ANALOG SW
12 13 14 15 16 17 18
TTTITT]
BEZ33Z 555
<3 <
Zz5 z
<5 <<
TL/F/9410-2
Top View

‘TOrder Number nA2460QC or 1A2461QC
ttSee NS Package Number V28A
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DP2460/DP2461/1A2460/1.A2461

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Range

Ceramic DIP —65°Cto +175°C

PLCC —65°C to +150°C
Operating Temperature Range 0°Cto +70°C
Lead Temperature

Ceramic DIP (Soldering, 60 sec.) 300°C

PLCC (Soldering, 10 sec.) 265°C

Electrical Characteristics

Internal Power Dissipation (Notes 1 and 2)

28L—Ceramic DIP 2.50W
28L—PLCC 1.39W
Supply Voltage 15V Max
Analog Common Voltage 8.0V Max
All Inputs Vsupply Max

Note 1: T; max = 150°C for the PLCC, and 175‘Q for the Ceramic DIP.
Note 2: Ratings apply to ambient temperature at 25°C. Above this tempera-
ture, derate the 28L—Ceramic DIP at 16.7 mW/°C, and the 28L—PLCC at
11.2 mW/°C.

Ta = 0°C to 70°C, Vgc = 12V, ok = 2.0 MHz, Analog Common = 5.0V, unless otherwise speéified

Symbol Parameter Conditions Min Typ Max Units
Digital 170 Input Voltage LOW 0.8
Input Voltage HIGH 2.0 v
Output Voltage LOW loL = 25 mA 0.45
Output Voltage HIGH loy = 40 pA 2.4
Input Load Current V= 0VtoVce 0.2 mA
Clock Input Input Comparator 20 25 30 Vv
Reference Level
Input Impedance 15 20 kQ
DAC Linearity (Note 1) -1 1 LSB
Resolution 8.0 bits
Differential Nonlinearity Monotonicity Guaranteed
Full Scale Output Voltage Direction in High 7.25 7.35 7.45
Direction in Low 2.55 2.65 2.75 \
Zero Scale Voltage 5.0
Output Offset Voltage +10 mV
Settling Time (Notes 2, 4) To 1/, LSB All bits ON or OFF us
Position Inputs Input Voltage Range 1.0 9.0 \
Input Impedance 15 20 kQ
Analog Switch On Resistance Vem = 0Vito 12V 100 200 Q
} Off Leakage (Note 3) 2.0 100 nA
Position Output Output Voltage Swing R = 15k Follow Mode 1.0 9.0 \
Voltage Gain 0.9 1.1 —_
Output Offset Voltage +20 mV
Velocity Outputs Output Voltage Swing Rp = 15k 1.0 9.0 Vv
Output Offset Voltage V2 +20 mv
\Al 15
lcc Positive Supply Voo = 132V 10 15 mA
Iss Negative Supply Vee = 13.2V —15 -10 mA
lac Analog Common | -2.0 0 2.0 mA
V1—Differentiator Linearity foLk = 1.0 MHz to 4.0 MHz; 0.25 %
fn/q < 10 kHz
V2—Integrator Linearity foLk = 1.0 MHz to 4.0 MHz 1.0 %

Note 1: DAC Linearity is a function of the Clock frequency; Linearity at 1.0 MHz is typically 5, LSB.
Note 2: DAC Settling Time is approx. 5.0 s, plus a delay of maximum 32 X Clock period i.e., 5 + 32 us at Clock = 1.0 MHz Minimum could be 5.0 ps.

Note 3: Equivalent to 50 M.
Note 4: Guaranteed, but not tested in production.
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Pin Description

MOTOR CURRENT
SENSE RESISTOR

FIGURE 1. Head Actuator Control System

Pin Pin
No. Name Function No. Name Function
INPUTS OUTPUTS
1-8] DAC Input Programs DAC output, 11 | Track 20 TTL signal whose frequency is 8
Word (Dg-D7) | 00000000 = Analog Command (TRO) times N (or Q).
Lead1 = LSB Lead 8 = MSB
12 | Track 22 TTL signal indicating N > Q (for
9 |Latch Allows present DAC input word to be (TR2) DP2460). TTL signal whose
Enable latched. frequency is 2 times N (or Q) (for
10 | Seek/Follow | Configures the feedback loop for DP2461).
Mode eitper seeking or track-following. 13 | Track 21 TTL signal indicatingN > Q (for
(High = Seek, Low = Follow) (TR1) DP2460). TTL signal whose
frequency is 4 times N (or Q) (for
4 | Ground
14 | Groun DP2461).
15 [ Anal Anal ignal i
nalog nalog signal reference input level 18 | Analog Analog switch to be used externally
Common (5.0V) . X
— - Switch for changing from seek to follow.
16 [N Normal position input signal. 19 | Analog
17 |Q Quadrature position input signal. Switch
23 | Motor Motor current sense input to motor 20 | Position Analog signal representing sensed
Current + current integrator. Output off track ampitude.
24 | Motor 21 | Velocity 1 Analog output representing velocity
Current — processed from position signals N
26 | Clock 4.0 MHz (maximum) input square andQ.
wave. 22 | Velocity 2 Analog output representing the
27 | Direction Changes the polarity of DAC output integral of motor current.
In/Out from positive to negative consistent 25 | DAC Output | Used to command velocity and
with the desired direction of head position.
motion.
28 (V+ 12V supply
@ SYSTEM CLOCK
JA2480 T0O DATA SEPARATOR
SERVO
PREAMP
A2470 DRIVE
SHEERAVé) POSITION INTERFACE
DEMODULATOR
POWER Y
AMP
covmoL <}::> CONTROLLER
CIRCUIT
N
ACTUATOR

TL/F/9410-3
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- DP2460/DP2461/1.A2460/1A2461

Functional Description

TRACK/  DIRECTION IN/OUT

SUBSTRACK | waten DAC IN
“ A A ENABLE
b " TRACK
QUADRATURE N CROSSING
POSITION LOGIC
SIGNALS Y HERENEE
Q R - 8-BIT DAC P DAC OUT
i \ A 4
— , COMPARATOR POSITION
CLOCK IN == |coummoas |—v| Lot SELECT —> ot
ANALOG—1—— : g Y
SWITCH— _ﬁ N-N Q-0 MOTOR
N J¢ *| CURRENT
SEEK/FOLLOW P| INTEGRATOR |: SENSE
[ N
Vé—p— » VELOCITY 2
POSITION TO
ANLG COM—F— - VELOCITY P VELOCITY 1
Q=] CONVERTER
GND =——
TL/F/9410-4

FIGURE 2. Block Diagram

Figure 2 shows a block diagram of the DP2460/DP2461
Servo Controller.

POWER SUPPLY AND REFERENCE REQUIREMENTS

The DP2460/DP2461 is designed to operate from a single
supply of 10V to 12V. Also required is a reference voltage of
5.0V called Analog Common which serves two functions; all
analog signals will be referenced to this voltage and in addi-
tion the internal DAC will use it to set full scale.

A clock signal must be provided as a reference for the inter-
nal switched capacitor position differentiator and motor cur-
rent integrator. The clock signal should be a sine or square
wave between Analog Common and ground at a maximum
frequency of 4.0 MHz.

All digital inputs and outputs are TTL compatible levels ref-
erenced to ground.

INPUT SIGNALS AND TRACK CROSSING OUTPUTS

The input format selected for position feedback is consist-
ent with a large class of sensors that generate two cyclical
output signals displaced in space phase by 90 degrees
(quadrature signal pairs). These sensors include resolvers,
inducto-syns, optical encoders, and most importantly, servo
demodulators designed for rigid disk head position sensing.

The input signals N and Q are quadrature quasi triangular
waveforms with amplitudes of +2.5V nominal referenced to
Analog Common. The periods of the input signals are subdi-
vided by internal comparators and logic and sent to the
Track Crossing outputs Tg, T4, and Ta. The relationship of
these outputs to the inputs N and Q is shown in Figure 3a
(for DP2460) and Figure 3b (for DP2461).

Note that different servo patterns may yield different num-
bers of track centerlines for each period of the quadrature
signal pair. The relationship of Tp, T4, and Toto N and Q is
independent of track centerlines, leaving the correct inter-
pretations to the microcontroller.

DAC

The DAC is an 8-bit, buffered input, voltage output digital to
analog converter. The output voltage with an input code of
all zeros is equal to Analog Common. Full scale is equal to
Analog Common +2.35V. The polarity depends on the Di-
rection In Signal; Direction In High will result in a positive
DAC output.

The DAC enable line when high will cause the DAC's input
buffer to become transparent, i.e. input data will affect the
output voltage immediately. When DAC enable is brought
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Functional Description (continued)

RADIAL
HEAD
POSITION

L
]
'
'
'
Lt3 I
[}
'
'
'

Tojoj1joj1joj1jojtjoj1jojrjojtjoj1
g1ty 1jojojojojojojojojij1
T2Q1]1]ojojojojojojojofj1j1p1jt1]t}1

TL/F/9410-5
FIGURE 3a. Track Crossing Outputs (for DP2460)

low the data present on the input lines will be latched and
any further changes to the input data will not change the
output voltage. The DAC functions in both Seek and Follow
Mode. During Seek Mode the DAG output is used as a ve-
locity reference. In Follow Mode the DAC output can be
summed into the position reference signal to offset the
heads from track center.

ANALOG SWITCH

An uncommitted single pole single throw analog switch with
an ON resistance of approximately 1009 is provided. This
switch is ON during Follow Mode.

MODE SELECT

The two major intended operating modes for the DP2460
are controlled by the microcontroller via the SEEK/FOL-
LOW input. Mode Select input high enables Seek Mode, low
enables Track Follow Mode.

SEEK, when asserted by the microcontroller along with DI-
RECTION and a non-zero VELOCITY value as inputs, caus-
es the actuator system to accelerate in the requested direc-
tion. During the ensuing motion, the actuator system will
come under velocity feedback control. The velocity feed-
back signal is created by differentiation of the quadrature
position signals and, additionally, by integration of motor
current.

FOLLOW, the negation of SEEK, changes the feedback
loop to a track-following or position mode. Position servos
are typically second order systems and without loop com-
pensation are potentially unstable. External components are
used, along with the DP2460, to achieve stable track follow-

RADIAL
HEAD
POSITION

of [LHTUHU UL
' I ' ) ' g b
' s ' " ' 0 ' O
LU ' ' ' ' ' ' )
T 1) T ) T ' T [}
') U ) by
v v SRR o IR
L Vo L1 )
Vo0 o T ]
[ I T T B I R A B I T B
Vo I ] v
Vo o I AR

Tojoj1joj1joj1jof1jojtrjof1joj14oj1
Tijojojt}t1jojoj1jtjojoji1jtjojojtj1
T2fj0jojojoj1jtj1j1]ojojojoj1jtp1}t

TL/F/9410-6
FIGURE 3b. Track Crossing Outputs (for DP2461)

ing performance. Velocity information (V1) is made available
as an output in this mode to aid in stabilizing certain loops. If
non-zero data is supplied to the velocity latches in this
mode, it will result in a track offset in the direction indicated
by DIRECTION IN/OUT. Figure 4 shows typical seek opera-
tion.

POSITION OUTPUT

When the DP2460/DP2461 is set to Seek Mode the signal
from Position Output lead is shown in Figure 5. This signal is
made by switching the position inputs, (N and Q) through an
inverter if required, (N and Q) to the output using the track
crossing signals. It can be used, if desired, to interpolate
between DAC steps by attenuating it and summing it with
the DAC output.

Track Follow Mode is entered when the heads are near the
end of a seek, usually within one half to one track away from
the target track centerline. The final setting to the track cen-
ter is done by the position loop.

When the device is switched to Follow Mode, the position
input signal (N, N, Q or Q) that is currently selected to the
output is latched and the Position Out signal follows the
selected position input signal until the device is switched
back to Seek Mode. This implies that the switch to Follow
Mode must not be made until the signal that will be the
correct Position error signal for the target track is present at
the output. If track centers are defined as the zero crossings
of both N and Q this means that the switch to Follow Mode
must be made less than one-half track away from the target
track. (This is with respect to the convention of 4 tracks per
encoder cycle, so switching must be done within 90° of the
period of N or Q.)

2-11
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DP2460/DP2461/1.A2460/.A2461

Functional Description (continued)

DAC out

VELOCITY
vi

COIL
CURRENT

CONSTANT
VELOCITY

SEEK

ACCELERATE

DECELERATE
A

TACK FOLLOW

TL/F/9410-7
FIGURE 4. Typical Seek

VELOCITY OUTPUTS

There are two analog signal outputs representing velocity.
The first (V1) is derived by differentiating the position input
signals. The entire differentiator is on-chip, using switched
capacitor techniques and requires no external components.
The transfer function of the differentiator is:

Vo = dv/dt (input) X 14.3/f (clock) Hz
As an example; a 10 kHz triangular signal pair into N and Q

N AND Q INPUTS

=zl
ot
=z
o
z
ol
=z
o
4]

POSITION OUTPUT
TL/F/9410-8
FIGURE 5. Position Output during Seek Mode

is leading N. This block functions during both Seek and Fol-
low modes.

The second velocity output is obtained by integrating a volt-
age proportional to the current in the motor using the follow-
ing function:

dv/dt (out) = V (+lin — — lin) X 2 X 10—4f (clock) Hz.

The motor current integrator output is clamped to Analog
Common during Follow Mode and is released at the initia-

of 6.0V peak-to-peak amplitude (dv/dt = 120 kV/s) would tion of a seek.
result in a velocity voltage output of 1.716V referenced to Figure 6 shows a typical application setup for the Servo
Analog Common with a clock of 1.0 MHz. The polarity will Control chip.
be positive if N is leading Q by 90 degrees and negative if Q
DAC OUT » zVA/'TT'g;l
VEL 1 >
FORT1'_ 8-8B1S JDACIN VEL 2 > ERROR ERROR
L SIGNAL AMP
DP2460
MICROCONTROLLER POS OUT LOOP
y u— COMP
3=BMS_]TRK ouT
I—— N W1 4 T v
PORT2  hplDAC EN W2 § POWER
[ A e \ "
A h
POSITION
DEMODULATOR [¢——SERVO IN
VOICE COIL
MOTOR

TL/F/9410-9

FIGURE 6. Typical Application Setup
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National
Semiconductor

2470A Servo Demodulator

General Description

The new 2470A servo demodulator decodes the quadrature
di-bit pattern from the dedicated servo surface providing po-
sition and data information.

Features

® Quadrature positions signals

W Phase locked to servo pattern with embedded lock indi-
cation

m Track data and track clock for data encoding

m AGC amplifier with 36 dB range

m Servo fields to 400 kHz

m Compatible with the 24H80 servo preamp and 2460
servo control chip

m Standard 5V and 12V supplies

m New phase detector eliminates jitter due to dropped
sync’s

® New lock detector uses sync pulse location to deter-
mine sync. Dropped pulses are not out of sync condi-
tions.

m New 120% VCO with extended frequency capability
(>30 MHz2)

® New totem pole TTL outputs

® New sync detector eliminates one shot multivibrator
setting

m New sample and hold circuits eliminate output droop
and glitching of the quadrature circuits

m New reference centers the quadrature outputs in the
12V supply

m New sync window controller prevents erroneous pulses
from reaching the phase detector for a second level of
jitter prevention

Connection Diagrams

28-Pin Molded DIP

/
SHCAP3 —] 1 28 |~veea
SYNCAP —{ 2 27 |~BaLBYP
veeD—{ 3 26 |~INN
DIVPAG2—] 4 25 f=iNp
veap1—{5 24 = acet
RSET—16 23 |=DIVPAG!
CURPRG =47 22 |=SHCAP2
RATE1—{ 8 21|~CcoMPoUT
RATE2— 9 20 |—SHCAP1
ck—{10 19 b= vrer
veap2—{ 11 18 }~smcapa
Acc2—12 17 j=qout
TRKCLK =4 13 16 f=nout
TRKDAT =] 14 15}-vee
TL/F/9411-1
Top View
1 Order Number 2470PC

1 See NS Package Number N28B

+ For most current order information, contact your local sales office.
+ For most current package information, contact product marketing.

28 PLCC
o a ™
fg3igh,
8 > n v > a Z
| I I |
o
4 3 2 1 28 27 26
vcm] 5 25F— INP
RSET —16 24— AGC1
CURPRG— 7 23— DIVPAG1
RATE1—} 8 22— SHCAP2
RATE2 —19 21— COMPOUT
CLK—110 20 |— SHCAP1
VCAP2 —§ 11 19— VREF
12 13 14 15 16 17 18
TTTITTT
§45%38%
EE 5
TL/F/9411-2
Top View
+ Order Number 2470QC

1 See NS Package Number V28A
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2470A

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature —65°Cto +175°C
Operating Temperature 0°Cto +70°C
Lead Temperature

Ceramic DIP (10 sec.) 300°C
Internal Power Dissipation 2.5W
Supply Voltage Vcep 6v
Supply Voltage Voca 15V

2470A Electrical Specification +,;'= 25°C, Veep = 5V, Vvooa = 12V

Parameter l Conditions I Min J Typ [ Max l Units
AGC AMPLIFIER
Max Voltage Gain Input Freq. = 1 MHz 46 dB
AGC Range Input Freq. = 1 MHz 40 dB
Frequency Response 10 MHz
Input Voltage Range 30 300 ‘mV
Output Voltage 3.5 Vpp
QUADRATURE OUTPUTS
Output Voltage RL = 20k 3.0 Vpp
Output Impedance 100 Q
Output Offset Voltage 20 mV
Common Mode Voltage 6 \
VOLTAGE REFERENCE
Output Voltage 6 \
Output Current 5 mA
SYNC DETECTOR
SYNCAP = 15.2E—6/(Frame Rate) in Farads
Frame Rate Span B —50% +100%
Phase Detector & Charge Pump ’
Gain Pp & CHGPMP, Kpp ICH/6.28 Amps/Rad
CURPRG Pin Voltage to ICH 6.95E—4 Amps/V
Vco
Center Frequency = 0.20833/(RSET X VCAP) in Hz
K(Vco) = 0.3 X Center Frequency in Hz/V
Tuning Range —20% +20%
Max Frequency Cext = 7 pF rset = 350 40 ' MHz
Logic

0.8V to 3.6V

Risetime 10%-90% 9 ns
Falltime 10%-90% 4 ns
DIVIDERTABLE ‘ _
DIVPAG1 DIVPAG2 RATIO
0 0 32
1 0 64
0 1 96
1 1 128
Power Supply Ratings
Veep (5V) 75 mA
Veea (12V) 35 mA
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Features of the 2470A Servo Demodulator

\ (VA /4

1) The sync detecting operation is based on the servo 3) The new lock detector ignores dropped pulses in testing
disk’s own timing and eliminates the need to precisely for in and out of lock conditions. Should a sync pulse
set a resistor-capacitor time constant for the di-bit de- appear the detector records whether or not it appeared
tecting one shot timer. The new circuit uses a single low in the normal sync window. The lock detector uses four
precision capacitor. consecutive sync pulses either all out or all in the sync

2) The phase detector has a linear phase vs. output detec- window to determine lock status. The lock detector en-
tion scheme as an improvement over the one shot ables and disables the aperature control for the phase
scheme. The circuit performs no detection for dropped detector and the sync data detector.
sync pulses and when in lock as defined by the lock 4) The 2470A has a VCO with improved performance. It
detector, it will only detect in a predefined window. has > 30 MHz operation and a restricted tuning range of
These features eliminate jitter caused by dropped pulses +20%. Tuning circuits will reduce jitter due to parasitic
and/or bad servo areas on the disk. Also eliminated are couplings into the VCO.
the phase detector external components. 5) New sample hold circuits for the N and Q decoders elimi-
Out of lock conditions require acquisition aids to achieve nate the droop in the N and Q outputs. The sample holds
lock. Should a sync pulse show outside the sync window are opened immediately after the peak detection is com-
(2 of 32 counts in a servo field), aperature control circuits plete. This eliminates droop induced offsets and glitch-
realign the sync pulse with the sync window by resetting ing.
the decoder and enlarge the next window to find a sync 6) TTL totem pole outputs eliminates the need for resistive
pulse with the VCO’s £20% tuning range. The limited pullup for the output. Switching times of 10 ns are
range on the VCO prevents 2X locks. The aperature con- achieved.

trol prevents the dropped pulse ignoring phase detector
from achieving non-integral false locks. The window re-
alignment and enlargement is disabled during lock to
prevent erroneous sync pulses from upsetting the de-
coder.

7) The analog reference is 6V. Centering in the 12V supply
lines is easier. The 6V reference maintains compatibility
with the 2460 servo controller and the 24H80 preamp.

List of Lead Functions

Lead | Name Function
INPUT SIGNALS
23 DIVPAG1 Programs the prescaler for the VCO
DIVPAG2 Divide ratios are 32, 64, 96 and 128
CURPRG Voltage sets PLL charge pump bias current
15 VEE Ground OV
3 Vecebp + 5V supply
28 Vcea + 12V supply
25 INP Composite inputs to the AGC amplifier
26 INN
OUTPUTS
13 TRKCLK Clock output for data during lock, TTL
14 TRKDAT Data from dropped sync pulses TTL
10 CLK VCO output TTL
21 COMPOUT Output of AGC amplifier @8.2V CM
19 VREF 6V reference for N and Q outputs
16 Nout Normal position signal @6V CM
17 Qout Quadrature position signal @6V CM
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2470A

List of Lead Functions (continued)

Lead | Name Function
EXTERNAL COMPONENTS

2 SYNCAP | Timing capacitor for the sync detector
5-11 Veap 1&2 VCO timing capacitor
8-9 Rate 1 &2 PLL loop filter

27 BALBYP DC offset restore filter capacitor.

24 ‘ AGC1 AGC system loop filter

12 AGC2 : Bypass capacitor for AGC system

6 : RseT Sets the VCO bias currents | < 2 mA

20, 22,

1,18 . SHCAP1...4 Four sample hold capacitors

A

SYNC DET |

APERATURE

SYNC PULSE
RECOVERED
TL/F/9411-3

The sync pulse gats is triggered by the sync det aperature and is locked open until the sync goes to zero. The locking mechanism prevents clipping the
negative edge of the sync.

FIGURE 1. Sync Detector Diagram

DATA  SYNC :
SERVO
INPUT
LOCKED
TRKCLK |—|
TRKDAT x BOTH DATA AND SYNC PULSES ARE PRESENT
DATA AND/OR SYNC PULSES ARE MISSING
UNLOCKED
HI
TRKCLK
TRKDAT

Lo
TL/F/9411-4

FIGURE 2. Track Data Output Information
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(X}
=Y
AGC(1..2) ~
BALBYP CURPRG g
COMPOUT SYNCAP MATE (1..2)
INP AGC J  swe A ehase M cHaree
N AMPLIFIER »|  DETECTOR Pl DETECTOR PUMP
h I 3
A 4 A A
SYNC WINDOW veo s (-2
CONTROLLER [ ok
r Y
LOCK N
DETECTOR
Y A A 4 A 4 A
VREF VOLTAGE DATA POSITION winoow |, PRESCALER
REFERENCE DECODER DEMODULATION pecoberR | (1..4)
TRKDAT SHCAP (1..4) DIVPAG(1..2)
NouT
TRKCLK QouT
TL/F/9411-5
FIGURE 3. 2470A Block Diagram
This test circuit runs at about a 136 kHz frame rate
b 2470W 12v
o — VCCA |
400 pF 01 aF
— F .
= lTF— seap saevp |14
5v P = IN_NEG
O—t vee Tl | —
0.1 uf
T 0. uf — IN_POS
T DIVPAG2 e p—r]
= VCAP1 acet |2
350
WA RsET DIVPAGT
5V 5.1k -
= 400 pF
M CURPRG SHCAP2 —P—||—-
S 750 OOIAF 540 = composITE_ouT
== 125pF b3 RATE1 coMpOUT f——————>
510 400 pF
j_ RATE2 sHoapt —bA}—
VCO_CLOCK — 0.014F = VR
<3 CLK vreF f————>
VCAP2 sHeap4 |—200EF |—1
033 uF =  aour
AcC2 Qout
TRACK_CLOCK = N_out
TRKCLK NoUT fp———eeeo >
TRACK_DATA
<J TRKDAT VEE —
TL/F/9411-6
DIVPAG1 and DIVPAG2 are TTL divider controls. ~ TRKCLK and TRKDAT are high and low respec-  K(Pp + CHGPMP) = ICH/(2 = PI)
e.g.10, 01, 11 are divided by 1,2,3,4 respectively. tively when unlocked. F(CENTER) = 5/(24 X RC)
SYNCAP (Min) = 7.6 p/F (Field Rate) IRser) < 2mA || F' = (%0) X F(CENTER)
SYNCAP = (1.5...2) = SYNCAP (Min) ICH = 695 pA/V = V(CURPRG)
Sample hold caps (4) are a balance of smoothing
vs speed.
FIGURE 4. 2470A Test Circuit
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National
Semiconductor

DP8464B Disk Pulse Detector

General Description

The DP8464B Disk Pulse Detector utilizes analog and digital
circuitry to detect amplitude peaks of the signal received
from the read/write amplifier fitted with the heads of disk
drives. The DP8464B produces a TTL compatible output
which, on the positive leading edge, indicates a signal peak.
Electrically, these peaks correspond to flux reversals on the
magnetic medium. The signal from the read/write amplifier
when reading a disk is therefore a series of pulses with
alternating polarity. The Disk Pulse Detector accurately rep-
licates the time position of these peaks.

The DP8464B Disk Pulse Detector has three main sections:
the Amplifier, the time channel and the gate channel. The
Amplifier section consists of a wide bandwidth amplifier, a
full wave rectifier and Automatic Gain Control (AGC). The
time channel is made from the differentiator and its follow-
ing bi-directional one shot, while the gate channel is made
from the differential comparator with hysteresis, the D flip-
flop and its following bi-directional one shot.

The Disk Pulse Detector is fabricated using an advanced
oxide isolated Schottky process, and has been designed to
function with data rates up to 15 Megabits/second. The
DP8464B is available in either a 300 mil wide 24-pin dual-in-
line package or a surface mount 28-pin plastic chip carrier

package. Normally, it will be fitted in the disk drive, and its
output may be directly connected to the DP8461 or the
DP8465 Data Separator.

Features

m Wide input signal amplitude range—from 20 mVpp to
660 mVpp differential

m Data rates up to 15 Megabits/sec 2,7 code

® On-chip differential gain controlled amplifier, differentia-
tor, comparator gating circuitry, and output pulse
generator

® Input capacitively coupled directly from the disk head
read/write ampilifier

® Adjustable comparator hysteresis

m AGC and differentiator time constants set by external
components

m TTL compatible digital Inputs and Outputs

m Encoded Data Output may connect directly to the
DP8461 or DP8465 Data Separator

B Standard drive supply: 12V+10%

® Available in 300 mil wide 24-pin dual-in-line package or
a surface mount 28-pin plastic chip carrier package

Block Diagram

[~
]
',- Pin 5—No connection
H "
R
v H pyess ] TME b Co Pin 8—No connection
Q awpouT CHANNEL CHANNEL s -W'-iH
INPUT INPUT
9 9 ® 2 22 2 2 1 un
GAIN
CONTROLLED AA—eAAA AAA—0—AAA
- b "T" WA- T W
b >
2 aw W TIME
1 PULSE OUT
BI-DIRECTIONAL
i 5_5\,_.‘t DIFFERENTIATOR |—y BI-DIRECTION m
b3
‘P
! DIFFERENTIAL
COMPARATOR
HYSTERESIS 9 U
AUTOMATIC FULL + BI-DIRECTIONAL ENCODED
¢
N WAVE [ Q
l % CONTROL RECTIFIER - 1 ONE SHOT m DATA
I i
1 4 7 20 3 5 10
READ/  VREF DIBITAL  ANALOG SET CHANNEL SET
WRITE GROUND  GROUND HYSTERESIS  ALIGNMENT PULSE
ouTPUT WIDTH
TL/F/5283-7

Note: All pin numbers in this data sheet refer to the 24-pin dual-in-line package.
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DP8464B

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallabllity and specifications.

Storage Temperature —65°Cto +150°C
Lead Temp. (Soldering, 10 seconds) 300°C
Maximum Power Dissipation at 25°C
- Molded DIP Package }
(derate 15.6 mW/°C above 25°C) 1950 mW
Plastic Chip Carrier Package
(derate 12.5 mW/°C above 25°C) 1560 mW

Operating Conditions ‘

Pins Limit
Supply Voltage 9 14V
TTL Input Voltage 11,13 5.5V
TTL Output Voltage 12,14,15 5.5V
Input Voltage . 34 5.5V
Minimum Input Voltage 3,4 - =05V
Differential Input 6-7,21-22, 3Vor -3V
Voltage 2-23

ESD Susceptibility (see Note 5)

Symbol Parameter Min Typ Max Units
Vee Supply Voltage 10.8 120 132 V
Ta Ambient Temperature 70 °C

DC Electrical Characteristics over Recommended Operating Temperature and Supply Range Vagr =
0.5V, Set Hysteresis = 0.3V. Read/Write = 0.3V unless otherwise noted. All Pin Numbers Refer to 24 Pin Dual-In-Line

Package.
Symbol | Pins | Parameter |  condions | min | Typ | wmax | units
AMPLIFIER
ZiINg 6,7 Amp In Impedance Ta = 25°C 0.756 1.0 1.25 kQ
(Note 1)
AvMIN 18,19 Min Voltage Gain AC Output 4 Vpp 6.0 \"74%
Differential
Avmax 18,19 Max Voltage Gain AC Output 4 Vpp 200 VIV
’ ) Ditferential
Veaae 16 Voltage on Cagc Ay = 6.0 45 5.5 v
Ay = 200 2.8 3.7 \2
GATE CHANNEL
ZINgg) 21,22 Gate Channel Input Ta = 25°C 1.756 2.5 3.25 kQ
Impedance (Note 1)
lcago— 16 Pin 16 Current which VpIN 16 = 3.9V -1.5 —25 —3.5 mA
Charges Cagc VPN 21—
' Vpin22 | = 1.3 Vpg
Icagc+ 16 Pin 16 Current which VpIN 16 = 5V 1 5 rA
Discharges Cagc | VPN 21—
VpiN22| = 0.7 Vpo
Wrer 4 VRer Input Bias —20 —100 nA
Current
ViHage | 2221 | AGCThreshold (Note 2) 0.88 1.0 112 v
i 4,16 Vpin 16 =4.2V
IsH 3 Set Hysteresis Input —60 —100 pA
Bias Current
VTHgH 22,21 Set Hysteresis (Note 3) 0.48 0.6 0.72 \"
3,156 Threshold i
TIME CHANNEL
ZiNTg 2,23 Time Channel Input Ta = 25°C 3.5 5.0 6.5 kQ
Impedance (Note 1)
Icy 24 Current into Pin 1 and 1.4 1.8 2.50 mA
24 that Discharges
Cq




DC Electrical Characteristics over Recommended Operating Temperature and Supply Range Vrer =
0.5V, Set Hysteresis = 0.3V. Read/Write = 0.3V unless otherwise noted. All pin numbers refer to the 24 pin dual-in-line
package. (Continued)

Symbol | Pins | Parameter I Conditions l Min L Tpr Max l Units
WRITE MODE
ZiNpg 6,7 Amp In Impedance VpIN 11 =2.0V 50 250 Q
in Write Mode
lcagc— 16 Pin 16 Current VpIN 11 =2.0V 1 5 rA
in Write Mode VpiN 16 =3.9V
IVeiN21—
VpiNg2| =1.3Vpe
DIGITAL PINS
ViH 11,13 High Level Input 2 \"
Voltage
ViL 11,13 Low Level Input 0.8 \"
Voltage
\ 11,13 Input Clamp Vce = Min -1.5 \
Voltage Iy = —18mA
v 11,13 High Level Input Vce = Max 20 RA
Current V=27V
Iy 11,13 Input Current at Vee = Max 1 mA
Maximum Input V| = 5.5V
Voltage
i 11,13 Low Level Input Vcoc = Max —200 nA
Current V| = 0.5V
VoH 12,14, High Level Output Vee = Min 2.7 Vv
15 Voltage loy = —40 pA
(Note 4)
VoL 12,14, Low Level Output . Vce = Min 0.5 \
15 Voltage loL = 800 pA
(Note 4)
los 12,14, Output Short Vce = Max —100 mA
15 Circuit Current Vo = 0OV
Icc 9 Supply Current Vce = Max 54 75 mA

AC Electrical Characteristics over Recommended Operating Temperature and Supply Range

Symbol Pins Parameter Conditions Typ Max Units
DP8464B-2 14 Pulse Pairing (See Pulse Pairing Set Up) +1.5 +3 ns
top
DP8464B-3 14 Pulse Pairing (See Pulse Pairing Set Up) *2 t5 ns
t
pp

Note 1: The temperature coefficient of the input impedance is typically 0.05% per degree C.
Note 2: The AGC Threshold is defined as the voltage across the Gate Channel Input (pins 21 and 22) when the voltage on Cagg (pin 16) is 4.2V.

Note 3: The Set Hysteresis Threshold is defined as the minimum differential AC signal across the Gate Channel Input (pins 21 and 22) which causes the
voltage on the Channel Alignment Output (pin 15) to change state.

Note 4: To prevent inductive coupling from the digital outputs to Amp In, the TTL outputs should not drive more than one ALS TTL load each.

Note 5: The following pins did not meet the 2000V ESD test with the human body model, 120 pF thru 1.5 kQ: Pins 1, 2, 3, 10, 11, 12, 14, 21, 24,
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DP8464B

Pulse Pairing Set Up

Ry
AAA
VW

I—- 1 Cp+ Cp— 24—
TIME N+ TIMEIN- 23 L‘

=g

~

0.3V e 3 SET HYST. GATEIN 22
VREF et 4 Viep GATEIN 21
NO CONNECTION——] 5 ANALDG GROUND 20 —1 0.014F i:o.m,.v
n = Ry %) T R2.
6 AMPIN+ AMPOUT- 19 A l"’""‘ AW
| I I L
7 AMPIN- AMPOUT+ 18 W\
> E
S
NO CONNECTION ~med 8 DIG. GROUND 17 1 :,4.3k 43
12.0V et 9 VG CAgC 16 =
50 pF 0.01,F 100K

10 SETPW. CHAN. ALIGN 0UT 15 [~
* Transformer (T1) is

Tektronix CT-2 current

probe or equivalent

i
08V e 1 FERG AT ENCODEDOATA 4 e =

12 TIME PULSE OUT TIMEPUL. IN 13 —l

TL/F/5283-3
DP8464B-2 Pulse Pairing Measurement
f = 3.33 MHz and 1.25 MHz Connect a scope probe to pin 14 (Encoded Data Out) and
VIN = 40 mVyp,, Differential trigger off its positive edge. Adjust the trigger holdoff so the
VRer = 0.44V scope first triggers off the pulse associated with the positive
Cp = 68 pF peak and then off the pulse associated with the negative
Rp = 3000 peak (as shown in the scope photo below). Pulse pairing is
DP8464B-3 displayed on the second pair of pulses on the display. If the
f=25MHz second pulses are separated by 4 ns, then the pulse pairing
ViN = 40 mVp,, differential ~ for this partis =2 ns.
Vger = 0.50V . ) .
Cp = 50 pF Circuit Operation
Rp = 4300 The output from the read/write amplifier is AC coupled to
Filter the Amp Input of the DP8464B. The amplifier's output volt-
R1 = 2400 R2 = 680Q age is fed back via an external filter to an internal fullwave
C1=15pF C2 = 100 pF rectifier and compared against the external voltage on the

L1 =47 uH VRer pin. The AGC circuit adjusts the gain of the amplifier

S to make the peak to peak differential voltage on the Gate
This is a 3 pole Bessel with the corner frequency at 7.6  Ghannel Input four times the DC voltage on VRer. Typically
MHz. A the signal on Amp Out will be set for 4 Vpp differential.
Since the filter usually has a 6 dB loss, the signal on the
Gate Channel Input will be 2 Vpp differential. The user
should therefore set 0.5V on Vrgg which can be done with a
simple voltage divider from the + 12V supply.

The peak detection is performed by feeding the output of
the Amplifier through an external filter to the differentiator.
The differentiator output changes state when the input pulse
changes direction, generally this will be at the peaks. How-
ever, if the signal exhibits shouldering (the tendency to re-
turn to the baseline), the differentiator will also respond to
noise near the baseline. To avoid this problem, the signal is
also fed to a gating channel which is used to define a level
either side of the baseline. This gating channel is comprised

TL/F/5283-4
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Circuit Operation (Continued)

of a differential comparator with hysteresis and a D flip-flop.
The hysteresis for this comparator is externally set via the
Set Hysteresis pin. In order to have data out, the input am-
plitude must first cross the hysteresis level which will
change the logic level on the D input of the flip-flop. The
peak of the input signal will generate a pulse out of the
differentiator and bi-directional one shot. This pulse will
clock the new data at the D input through to the output. In
this way, when the differentiator is responding to noise at
the baseline, the output of the D flop is not changing since

Connection Diagrams

the logic level into the D input has not changed. The com-
parator circuitry is therefore a gating channel which pre-
vents any noise near the baseline from contaminating the
data. The amount of hysteresis is twice the DC voltage on
the Set Hysteresis pin. For instance, if the voltage on the
Set Hysteresis pin is 0.3V, the differential AC signal across
the Gate Channel Input must be larger than 0.6V before the
output of the comparator will change states. In this case,
the hysteresis is 30% of a 2V peak to peak differential sig-
nal at the gate channel input.

Dual-In-Line (DIP) Package

Cp+ =1
TIME CHANNEL INPUT + =12
SET HYSTERESIS ——3

— 4

VRer

NO CONNECTION
AMPIN + =6
AMPIN — —7

NO CONNECTION ——{8

Vee —{9

SET PULSE WIDTH ~—{ 10

READ/WRITE ~—] 11

TIME PULSE OUT =12

24— -

23— TIME CHANNEL INPUT —
22— GATE CHANNEL INPUT
21— BATE CHANNEL INPUT
20 [~ ANALOG GROUND
19— AMP OUT —

18— AMPOUT +

17 |— DIGITAL GROUND

16 p= Cagc

| CHANNEL
ALIGNMENT QUTPUT

14 == ENCODED DATA OUTPUT

13 TIME PULSE IN

Top View

TL/F/5283-2

ar9v8dda

Order Number DP8464BN-3 or DP8464BN-4
See NS Package N24C

Plastic Chip Carrier (PCC) Package

SET
VRgr HYSTERESIS TIMEIN+ Cp+ Co— TIMEN- GATEIN

{ 7
{ 4+ 320 2 21 2
NC |5 1 25 ] GATEIN
el s 24 | anaLog enn
avpine |7 23] anpour-
wein- 1 8 TOPVIEW 22| ampout+
e K 21 NC
vee | 0 20 | oigiAL GND
"] Kl 19 ) cace
213U BB

SET WEAD/WRITE TIME TIME ENCODED CHANNEL NC
PULSE Pgllﬁi m&se DATA ALIGN

Order Number DP8464BV-3 or DP8464BV-4
See NS Package V28A

TL/F/5283-30
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DP8464B

Pin Definitions

(All pin numbers refer to the 24 pin dual-in-line package)
Pin# Name Function
Power Supply
9 Vee The supply is +12V+10%.
17 Digital Digital signals should be referenced
Ground to this pin.
20 Analog Analog signals should be referenced
Ground to this pin.
Analog Signals
6 Amp In+ These are the differential inputs to
7 Amp In— the Amplifier. The output of the read/
write head amplifier should be capac-
itively coupled to these pins.
18 Amp Out+  These are the differential outputs of
19 Amp Out—  the Amplifier. These outputs should
be capacitively coupled to the gating
channel filter (if required) and to the
time channel filter.
22 Gate These are the differential inputs to
21 Channel the AGC block and the gating chan-
Inputs nel. These inputs must be capacitive-
ly coupled from the Amp Out.
2 Time These are the differential inputs to
Channel the differentiator in the time channel.
Input+ In most applications, a filter between
23 Time the Amp Out (pins 18 and 19) and
Channel these inputs is required to band limit
Input— the noise and to correct for any
phase distortion introduced by the
read circuitry. In all cases this input
must be capacitively coupled to pre-
vent disturbing the DC input level.
1 Cyq+ The external differentiator network is
24 Cy— connected between these two pins.
Set The DC voltage on this pin sets the
Hysteresis  amount of hysteresis on the differen-
tial comparator. Typically this voltage
can be established by a simple resis-
tive divider from the positive supply.
4 VRErF The AGC circuit adjusts the gain of
the amplifier to make the differential
peak to peak voltage on the Gate
Channel Input equal to four times the
DC voltage on this pin. This voltage
can be established by a simple resis-
tive divider from the positive supply.
5 No connection
8 No connection
16 CaGgec The external capacitor for the AGC is
connected between this pin and Ana-
log Ground.

Pin# Name  Function

Digital Signals :
10 Set Pulse An external capacitor to control the
Width pulse width of the Encoded Data Out
is connected between this pin and
Digital Ground.

1" Read/Write  If this pin is low, the Pulse Detector is
in the read mode and the chip is ac-
tive. When this pin goes high, the
pulse detector is forced into a stand-
by mode. This is a standard TTL in-

put.
12 Time This is the TTL output from the bi-di-
Pulse rectional one shot following the dif-
Out ferentiator. In most applications this
can be connected directly to the
Time Pulse In.
13 Time This is the TTL input to the clock of
Pulse the D flip-flop. Usually this is con-
In nected directly to the Time Pulse Out
pin.

15 Channel This is the buffered output of the dif-
Alignment ferential comparator with hysteresis.
This is usually used in the initial sys-
tem design and is not used in produc-
tion.

14 Encoded This is the standard TTL output
Data Out whose leading edge, indicates the
: * time position of the peaks.

Application Information
GENERAL DESCRIPTION
All pin numbers refer to 24 pin dual-in-line package.

The DP8464B Disk Pulse Detector utilizes analog and digital
circuitry to detect amplitude peaks of the signal received
from the Read/Write Amplifier. The analog signal from a
disk is a series of pulses, the peaks of which correspond to
1's or flux reversals on the magnetic medium. The pulse
detector must ‘accurately determine the time position of
these peaks. The peaks are indicated by the positive lead-
ing edge of a TTL compatible output puise. This task is com-
plicated by variable pulse amplitudes depending on the me-
dia type, head position, head type and read/write amplifier
circuit gain. Additionally, as the bit density on the disk in-
creases, the amplitude decreases and significant bit interac-
tion occurs resulting in pulse distortion and shifting of the
peaks.

The graph in Figure 1.shows how the pulse amplitude varies
with the number of flux reversals per inch (or recording den-
sity) for a given head disk system. The predominant disk
applications are associated with the first two regions on this
graph, Regions 1 and 2. Typical waveforms received by the
pulse detector for these regions are shown next to the
graph.




Application Information (continued)

Region 1 is the high resolution area characterized by a large
spread between flux reversals and a definite return to base-
line (no signal) between these peaks. Pulses of this type are
predominantly found in drives which use either thin film
heads or plated media, or in drives which utilize run length
limited codes (like the 2,7 code) which spread the distance
between flux reversals.

A Region 2 waveform will vary from a tendency to return to
the baseline (called shouldering) to almost sinusoidal at the
higher frequencies. These pulses come from drives which
use limited frequency codes (such as MFM). The pulses
may contain shouldering on the outer tracks of the disk and
be nearly sinusoidal on the inner tracks since the flux densi-
ty increases towards the inner track.

Detecting pulse peaks of waveforms of such variable char-
acteristics requires a means of separating both noise and
shouldering-caused errors from the true peaks. In the past,
mild shoulder-caused errors were blocked by self-gating cir-
cuits (such as the ‘“‘de-snaker”). These circuits fail when
shouldering is extensive, hence the need for the DP8464B
which includes a peak sensing circuit and an amplitude sen-
sitive gating channel in parallel.

The main circuit blocks of the DP8464B are shown in Figure
2. The output from the read/write amplifier is fed directly to
the Amp Input of the DP8464B. This is the input of a Gain
Controlled Amplifier. The amplifier's output voltage is fed
back via an external filter to an internal fullwave rectifier and
compared against the external voltage on the Vrgr pin. The
AGC circuit adjusts the gain of the amplifier to make the
peak-to-peak differential Gate Channel input voltage four
times the DC voltage on VRgf.

REGION 1 WAVEFORM

The peak detection is performed by feeding the output of
the Gain Controlled Amplifier through an external filter to
the differentiator. The differentiator output changes state
when the input pulse changes direction, generally this will
be at the peaks. However, if the signal exhibits shouldering
(the tendency to return to the baseline) as seen in Region 1
and the upper part of Region 2, the differentiator will also
respond to noise near the baseline. To avoid this, the signal
is also fed to a gating channel which is used to define a
level either side of the baseline. This gating channel com-
prises a differential comparator with hysteresis and a D flip-
flop. The hysteresis for this comparator is externally set via
the Set Hysteresis pin. In order to have valid data out, the
input amplitude must first cross the hysteresis level. This will
change the logic level on the D input of the flip-flop. The
peak of the input signal will generate a pulse out of the
differentiator and bi-directional one shot. This pulse will
clock in the new data on the D input, which will appear at
the Q output. In this way, when the differentiator is respond-
ing to noise at the baseline, the output of the D flop is not
changing since the logic level into the D input has not yet
changed. The comparator circuitry is therefore a gating
channel to prevent any noise near the baseline from con-
taminating the data.

The amount of hysteresis is twice the DC voltage on the Set
Hysteresis pin. For instance, if the voltage on the Set Hys-
teresis pin is 0.3V, the differential Gate Channel Input must
be larger than 0.6V (+0.3V) before the output of the com-
parator will change states. The Time Pulse Out, Encoded
Data, and Channel Alignment Output are designed to drive 1
standard TTL gate.

REGION 2 WAVEFORM

=
8

=]
~
o

REGION 1

PULSE AMPLITUDE
o
o
S

(=]
n
o

N

~.

TL/F/5283-5

BIT DENSITY (BPI)

TL/F/5283-6

FIGURE 1. Pulse Amplitude vs. Bit Density with Typical Waveforms
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DP8464B
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Pin 5—No connection 3
F Pin 8—No connection 3
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T
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INPUT INPUT
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3 TIME
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TL/F/5283-7
FIGURE 2. DP8464B Block Diagram, Region 1 Connection




Application Information (continueq)

GAIN CONTROLLED AMPLIFIER

The purpose of the Gain Controlled Amplifier is to increase
the differential input signal to a fixed amplitude while main-
taining the exact shape of the input waveform. The Gain
Controlled Amplifier is designed to accept input signals from
20 mVpp to 660 mVpp differential and amplify that signal to
4 Vpp differential. The gain is therefore from 6 to 200 and is
controlled by the automatic gain control (AGC) loop. The
amplifier output is actually capable of delivering typically 5
Vpp differential output but the parts are only tested and
guaranteed to 4 Vpp.

The input to the Gain Controlled Amplifier is shown in Figure
3. The value of the input capacitors should be selected so
that the pole formed by the coupling capacitor and the 1k
bias resistor is a factor of 10 lower than the lowest signal
frequency. These input bias resistors have a +20% toler-
ance and a temperature coefficient of 0.05% per degree C.
When the pulse detector is in the write mode, these bias
resistors are automatically shunted by 425Q resistors. This
allows the input circuit to recover quickly from the large tran-

sients encountered during a write to read transition. The
input impedance to the amplifier is therefore 1k during read
operations and 3009 during write operations.

The output of the Gain Controlled Amplifier is shown in Fig-
ure 4. The outputs are biased at (12V — (0.75 mA X 2.4k)
— 0.75V) or 9.5V. Since each output will swing £1V (4 Vpp
differential), each output pin will swing from 8.5V to 10.5V. If
the total differential load placed on the output is 1k, (see
Figure 5) then the circuit must supply 2V/1k or 2 mA. Since
the output is class A, external resistors to ground must be
used to provide the sink current. In this case, in order to sink
2 mA at the lowest voltage, then (8.5V/2 mA) or an external
4.3k resistor from each output to ground is required. Note
that the circuit has additional margin since the internal 2 mA
current sources were not included in the calculation. Typi-
cally the output impedance of the Gain Controlled Amplifier
is 179, and the —3 dB bandwidth is greater than 20 MHz.

|

AMP IN

FROM
READ
AMPLIFIER

]

b
?
[

TL/F/5283-8

FIGURE 3. Input to Gain Controlled Amplifier
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DP8464B

Application Information (continued)

12v

< <

::2.4k ::“kl/

kﬂ—* 10k
AAA
A A4
10k AMP OUT
AA "
A\AA S

SBtsmA SBzmASEzmA

FIGURE 4. Output of Gain Controlled Amplifier

TL/F/5283-9
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PIRL
Vour <:l2mA
' (-2m
4.3k ‘b4.3k
2mA 2mA l 2mA & 24mA -
(24 mA) § (2mA) I

FIGURE 5. Output Stage with 1k Differential Load

TL/F/5283-10
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Application Information (continued)

AUTOMATIC GAIN CONTROL (AGC)

The Automatic Gain Control holds the signal level at the
Gate Channel Input at a constant level by controlling the
gain of the Gain Controlled Amplifier. This is necessary be-
cause the amplitude of the input signal will vary with track
location, variations in the magnetic film, and differences in
the actual recording amplitude. The Gain Controlled Amplifi-
er is designed for a maximum 4 Vpp differential output. To
prevent the Gain Controlled Amplifier from saturating, the
VRer level must be set so the maximum amplifier output
voltage is 4 Vpp. The AGC will force the differential peak-to-
peak signal on the Gate Channel Input to be four times the
voltage applied to the VRer pin. Normally some kind of filter
is connected between the Gain Controlled Amplifier’s output
and the Gate Channel Input. Typically this filter has a 6 dB
insertion loss in its pass band. Since the AGC holds the
amplitude at the Gate Channel Input constant, this 6 dB loss
through the Gate Channel filter will cause the Gain Con-
trolled Amplifier's output to be 6 dB larger than the Gate
Channel Input.

The AGC loop starts out in the high gain mode. When the
input signal is larger than expected, the AGC loop will quick-
ly reduce the amplifier gain so the peak-to-peak differential
voltage on the Gate Channel Input remains four times the
voltage on VRgr. If the input amplitude suddenly drops, the
AGC loop will slowly increase the amplifier gain until the
differential peak-to-peak Gate Channel Input voltage again
reaches four times VRer. The AGC loop requires several
peaks to react to an increased input signal. In order to re-
cover the exact peak timing during this transition, the Voyt
level must be set somewhat lower than the maximum of
4 Vpp. For instance, if the VRep is 0.5V, and if the loss in the
gate channel filter is 6 dB, then the Amp Output is 4 Vpp. If
the Amp Input suddenly increases 30%, the amplifier may
saturate and the timing for a few peaks may be disturbed
until the AGC reduces the amplifier gain. If the peak detec-

INTERNAL 6.5V .

tion is critical during this time, the system may fail. The prop-
er operation, for this example, is to set the VRgr at 0.35V so
the amplifier will not saturate if the input suddenly increases
30%.

A simplified circuit of the AGC block is shown in Figure 6.
When the full wave rectified signal from the Gate Channel
Input is greater than VRgr, the voltage on the collector of
transistor T1 will increase and charge up the external ca-
pacitor Cagc through T2. The typical available charging cur-
rent is 2.5 mA. Conversely, if this input is less than VRgf,
transistor T2 will be off, so the capacitor Cagc will be dis-
charged by the base current going into the Darlington T3
and T4. This discharge current is approximately 1 pA. The
voltage across Cagc controls the gain of the Gain Con-
trolled Amplifier. This voltage will vary from typically 3.4V at
the highest gain to 4.5V at the lowest gain.

When the AGC circuit has not received an input signal for a
long time, the base current of the Darlington will discharge
the external Cagc to 3.4V. The amplifier will now be at its
highest gain. When a large signal comes in, the external
Caagc will be charged up with the 2.4 mA from T2 thereby
reducing the gain of the amplifier. The formula, | = C X
(dV/dt) can be used to calculate the time required for the
amplifier to go from a gain of 200 to a gain of 6. For in-
stance, if Cogc = 0.01 uf, the charging current | is 2.4 mA,
and the dV required for the amplifier to go through its gain
range is 1.1V, then

dt = (0.01 uF X 1.1V)/(2.4 mA) or 4.6 pus.
In reality, the gain does not change this quickly since the
Cagc would only be charging during a portion of the input
waveform.
By using the same argument, the time required to increase
the amplifier gain after the input has been suddenly reduced
can be calculated. This time, the discharging current is only
1 pa so

dt = (0.01 uF X 1.1V)/1 nA)or 11 ms.
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FIGURE 6. Simplified AGC Circuit
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Application Information (continued)

This time can be decreased by placing an external resistor
across the Cagc. For instance, if a 100k resistor is placed in
parallel with Cagc, then the discharge current is 40 pA. The
time required to increase the amplifier gain is now 40 times
faster or 275 us. If this external resistor is made even small-
er, say 10k, then the discharge time will go to 27.5 us. Now
however, there is another problem introduced. The re-
sponse time of the AGC is so fast that it distorts the signal
at the output of the Gain Controlled Amplifier. Distortion of
the signal at the Amplifier Output can affect the time posi-
tion of the peaks of this signal. Be sure to check this distor-
tion over the range of input levels you expect to encounter,
when choosing the external R and C values for the AGC.

If the value of the bleed resistor across the Cagc is de-
creased (in order to equalize the AGC attack and decay
times) the value of Cogc must be increased in order to
maintain an AGC response that does not distort the signal.
There is a second order effect on the amplitude that results
from this attack and decay time equalization. Referring to
Figure 2, notice that the AGC is driven from a full wave
rectified version of the Gate Channel Input signal. When the
AGC is operated normally (je. fast attack and slow decay)
the voltage that appears across Cagg is the peak detected
value of this full wave rectified waveform. However, if you
equalize the AGC attack and decay times the voltage
across Cagc is the RMS voltage (0.707 times the peak) of
the full wave rectified waveform. Thus, the voltage across
Cagc is less and the amplitude out of the Gain Controlled
Amplifier will consequently be 1.4 times larger.

It is possible to externally drive the Cagc pin to control the
gain of the amplifier. It must be noted that the gain of the
amplifier is not always exactly 200 when the voltage on
CaGc is 3.4V. The transfer curve between the gain of the
amplifier and the voltage on Cagc is only approximate. This
transfer curve will vary between parts and with temperature.
Care should be taken to prevent the voltage on the Cagc
pin from going below ground or above 5.5V. Figure 7 shows
a typical curve of the Gain Controlled Amplifier Gain vs. the
voltage across Cagc (Vpin 16.)

300
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= 200
g
150
g
2 1o \
" AV
0 —
2.00 2.40 2.80 3.20 3.60 4.00 4.40 4,80
VpIN 16 (VOLTS)

TL/F/5283-12

FIGURE 7. Gain Controlled Amplifier Gain vs. Vpin 16

Itis possible to change the time constant of the AGC circuit
by switching in different external components at the desired
times. For instance, as shown in Figure 8, an external open
collector TTL gate and resistor can be added in parallel with
Cagc to decrease the AGC response time. Similarly, an ex-
ternal capacitor could be switched in to increase the re-
sponse time. Since in the absence of an external resistor
the discharge time of Cagg is much longer than the attack

time there may be some applications where it is desirable to
switch in a parallel resistor to quickly discharge Cagc then
switch it out to force a quick attack. Because of the quick
attack time, the AGC obtains the proper level quicker than it
would had Cagc simply been allowed to discharge to the
new level.

There are some applications where it is desirable to hold the
AGC level for a period of time. This can be done by raising
the READ/WRITE pin. This will shut off the input circuitry,
and it will take time (about 2.5 us) for the circuit to recover
when going back into the read mode. Figure 9 shows a
method to hold the AGC level while remaining in the read
mode (which could be used in embedded servo applica-
tions). If the voltage on VRgr is raised to 3V, then the ampli-
fier output voltage cannot get large enough to turn on the
circuitry to charge up Cagc. For this to work properly, there
can not be a large discharge current path (resistor in parallel
with Cagc) across Cagc. The AGC block can be bypassed
altogether by connecting VRgr to 3V. In this way, the user
can use his own AGC circuit to drive the Cagc pin directly.

DP8464B
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COLLECTOR
PIN16
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TL/F/5283-13

FIGURE 8. Circuit to Decrease AGC Response Time
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TL/F/5283-14
FIGURE 9. Circuit for AGC Hold

READ/WRITE

In the normal read mode, the signal from the read/write
head amplifier is in the range of 20 mVpp to 660 mVpp.
However, when data is being written to the disk, the signal
coming into the analog input of the pulse detector will be on
the order of 600 mV. Such a large signal will disturb the
AGC level and would probably saturate the amplifier. in ad-
dition, if a different read/write amplifier is selected, there will
be a transient introduced because the offset of the pream-
plifiers are not matched. A READ/WRITE input pin has
been provided to minimize these effects to the pulse detec-
tor. This is a standard TTL input.

When the READ/WRITE pin is low, the pulse detector is in
the read mode. When the READ/WRITE pin is taken high,
three things happen. First, the 1k resistors across the AMP
IN pins are shunted by 3001} resistors, as described previ-
ously in the Gain Controlled Amplifier section. Next, the am-
plifier is squelched so there is no signal on the Amp Output.
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Application Information (continued)

Finally, the previous AGC level is held. This AGC hold func-
tion is accomplished by not allowing any current to charge
up the external Cagc. The voltage across this capacitor will
slowly reduce due to the bias current into the Darlington
(see Figure 6) or through any resistor placed in parallel with
Cagc. Therefore, as described in the Automatic Gain Con-
trol section, the gain of the amplifier will slowly increase. All
of these three events happen simultaneously.

When the READ/WRITE input is returned low, the pulse
detector will go back to the read mode in a specific se-
quence. First of all, the input impedance at the Amp In is
returned to 1k. Then, after approximately 1 us, the Gain
Controlled Amplifier is taken out of the squelch mode, and
finally approximately 1 us after that, the AGC circuit is
turned back on. This return to the read mode is designed to
minimize analog transients in order to provide stable opera-
tion after 2.5 us. It is very important that the analog input be
stable before the chip is returned to the read mode. It is
recommended that other than when writing, the Pulse De-
tector be in the read mode at all times in order to prevent
the 2.5 us delay from slowing up the system. The READ/
WRITE pin may be connected to the Write Gate output of a
controller (such as the DP8466 Disk Data Controller).

TIME CHANNEL FILTER

The peak detection is performed by feeding the output of
the Gain Controlled Amplifier through an external filter to
the differentiator. The differentiator output changes state
when the input pulse changes direction, generally this will
be at the peaks. The differentiator can also respond to
noise near the baseline, in which case the comparator gat-
ing channel will inhibit the output. The purpose of the exter-
nal filter is to bandwidth limit the incoming signal for noise
considerations. Care must be used in the design of this filter
to ensure the delay is not a function of frequency. For this
reason, a high order Bessel filter with its constant group
delay characteristics can be used in this application. Often,
this filter must be specifically designed to correct errors in-
troduced by the non-ideal phase characteristics of the input
read head. The typcial —3 dB point for this filter is around
1.5 times the highest recorded frequency. The design of this
filter is complex and will not be discussed here. However,
the following discussion does give a feel for some of the
considerations involved in the filter design. The reader is
referred to reference #3 listed at the end of the Applica-
tions Notes for further filter design information.

Figure 10 shows a typical Region 1 waveform where there is
no bit interaction. This waveform is primarily the sum of the
fundamental frequency and its 3rd harmonic (higher odd
harmonics are present when there is more shouldering).

If the filter is to preserve this wave shape (this would be the
case if no read/write head phase compensation were nec-
essary) then the phase relationship between the fundamen-
tal frequency and its harmonics must not be altered. Figure
711 shows the output when the 3rd harmonic has the proper
magnitude, but the phase relationship is not maintained.
The resuilt is that the output waveform is not the same
shape as the input (in a severe case it may be almost unrec-
ognizable) and the time position of the peaks has been al-
tered.

One electrical parameter which describes how well a filter
will preserve a wave shape is called group delay. Group
delay is defined as the change in phase divided by the
change in frequency. If the group delay is constant over the

TL/F/5283-15
FIGURE 10. Typical Region 1 Waveform

TL/F/5283-16

FIGURE 11. Region 1 Waveform with
the Incorrect Phase Relationship

frequencies of interest, then the wave shape will be main-
tained. An MFM coded signal will contain three basic fre-
quency components for the various digital patterns of data.
For instance, a 10 Megabit/sec MFM signal will consist of
analog frequencies of 2.5 MHz, 3.33 MHz and 5 MHz. On
the outer track the bit density is the lowest and the 5 and
3.33 MHz signals will look sinusoidal while the 2.5 MHz sig-
nal will have a tendency to return to the baseline. This re-
turning to the baseline is called shouldering and is illustrated
in Figure 10. Since this shouldering is rich in 3rd harmonic—
the 2.5 MHz signal will have a strong 7.5 MHz component.
The 10 Megabit/sec MFM signal will therefore have
2.5 MHz, 3.33 MHz, 5 MHz, and 7.5 MHz components which
must be filtered with constant group delay in order to repro-
duce the original waveform. For exampls, if the phase shift
through the filter at 2.5 MHz is 33.3°, then at 3.33 MHz the
phase shift must be 44.3°, at 5 MHz—66.6°, and at

0
7.5 MHz—99.9°. The group delay %? for this case is

13.32°/MHz. This can be better interpreted as a time delay.
33.3° of a 2.5 MHz signal is equivalent to (33.3/360) X
(1/2.5 MHz) or 37 ns. Similarly, 66.6° on a 5 MHz signal is
(66.6/360) X (1/5 MHz) = 37 ns.

The third order Bessel Filter as shown in the 10 Mbit/sec.
pulse pairing measurement board on the data sheet is de-
signed for a constant group delay and a —3 dB point of
7.5 MHz. At this frequency the delay through the filter is 35
ns. The Gain Controlled Amplifier of the DP8464B is de-
signed for a group delay of a 7.8 ns 0.5 ns for frequencies
up to 7.5 MHz. The 7.8 ns delay in the Gain Controlled
Amplifier and the 37 ns delay in the Bessel Filter do not
introduce any timing error, only a delay of 44.3 ns from the
Amp Input to the output of the filter.

DIFFERENTIATOR

A simplified circuit of the first stage of the differentiator is
shown in Figure 12. The voltages at V3 and V4 are simply
two diodes down from V1 and V2. Therefore the voltage
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FIGURE 12. Simplified Differentiator First Stage

across the external differentiator network (Cq in series with
Ry) is the differential input voltage V1 — V2. When Ry is
zero, the current through Cqis | = C X (dV/dt) or Cg X
(dV|n/dt). The Q2 collector current is the sum of the 1.8 mA
current source plus the current through Cq4 or
1.8mA + Gy X (dV|n/dt).
Similarly, the Q3 collector current is
1.8 mA — Cq X (dV)N/dt).
Therefore, the differentiator output voltage, V5 — V6, is
1.5k X 2 X Cq X (dV|n/dt).
The input is at a peak when V5 — V6 = 0V.
The differentiator network (C4 and Rg) should be selected
so the maximum current into the differentiator network is not
greater than the minimum current of I1 and 12 over tempera-
ture. In the electrical specifications, the minimum current is
specified for 1.4 mA (Icq Current into Pin 1 and 24 that
discharges Cgq). For example, the highest analog frequency
in a 10 Megabit/sec, MFM signal is 5 MHz. Since the AGC
loop has forced the input to the differentiator to 2 Vpp
(which includes the 6 dB loss of the filter), then the voltage
across the capacitor (assuming Ry is 0) is:
ViN=1 X sin(2 X 7 X 5E6 X 1)
and
dVin/dt =1 X 2 X 7 X 5E6 X cos(2 X 7 X 5E6 X 1)
and the maximum slope is
(dVin/dt)max = 1 X 2 X 7 X 5E6 = 314E5 V/sec.
For this example, C4 can now be calculated. Since | = C X
(dv/dt), then for | = 1.4 mA, dV/dt = 314E5, then the
maximum Gy must equal 45 pF. From this example, a follow-
ing simple design equation for the value of C4 can be de-
rived.
Cq = 445/(VIN X fmax)
where
Cq is the maximum external differentiator capacitor in pF
V|N is the peak to peak differential Time Channel input
voltage
fmax is the maximum analog frequency in MHz

Note that this is the maximum value for the capacitor when
the series resistor Ry is zero. The value of the capacitor can
be increased if a series resistor is used, but the maximum
current through the differentiator network must not exceed
1.4 mA. If too large a value for Cgq is used, the delay through
the differentiator will become dependent on frequency. This
will not show up in a single frequency test such as a test for
pulse pairing.

For the MFM code, the maximum analog frequency is 1/, the
data rate. For the 14(2,7) code, the maximum analog fre-
quency is 13 the data rate. The above sinusoidal analysis is
valid as long as the highest frequency on the outer track is
nearly sinusoidal. If, however, there is significant shoulder-
ing of this signal then the value of C4 should be reduced
accordingly.

The following table summarizes the value of Cq4 to use for a
2 Vpp differential signal to the time channel input.

Data Rate Code | Maximum Frequency Cq
5 mbits/sec MFM 2.5 MHz 90 pF
5 mbits/sec 2,7 1.6 MHz 140 pF
10 mbits/sec | MFM 5.0 MHz 45 pF
10 mbits/sec | 2,7 3.3 MHz 67 pF

As noted above, the value of the capacitor can be increased
if a series resistor is used, but the maximum current through
the differentiator network must not exceed 1.4 mA. For ex-
ample, the components used in the Pulse Pairing Setup
(see AC Electrical Specifications) are for a typical 10 Mbits/
sec MFM drive. The combination of the C4 of 50 pF and the
Rq of 4300 gives a combined impedance of 768Q at the
highest frequency of 5 MHz. This gives a maximum current
of 1.3 mA—well below the 1.4 mA limit.

A resistor is placed in series with Cq in order to bandlimit the
differentiator response. This resistor also has an effect on
the phase linearity of the differentiator. An ideal differentia-
tor produces an output that is 90 degree phase shifted from
the input regardless of the input frequency. The presence of
the series resistor produces an output phase shift that is
less than 90 degrees and changes with the input frequency.
This resistor can be used to correct for frequency related
phase problems encountered elsewhere in the read path.
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Application Information (continued)

To properly decode the information on the disk, the read
channel must determine if there is a peak (or a “1'") during a
period of time called a detection window. The detection win-
dow for MFM and the (2,7) code is

1/(2 X data bit rate).

This detection window must accommodate errors in many
parts of the system including filters, data separator, and
peak shift variations in the data pattern. The pulse pairing of
the DP8464B should be included in the error budget calcu-
lation.

Unequal delays through the bi-directional one shots will
contribute to pulse pairing. To minimize this effect, pin 2
should be connected to 22 and pin 23 should be connected
to 21. If connected this way, the delays tend to cancel. For
the PCC Package, Pin 26 to Pin 2, and Pin 25 to Pin 27.

DIFFERENTIAL COMPARATOR WITH HYSTERESIS

The actual peak detection is done in the time channel with
the differentiator. Unfortunately, the differentiator not only
responds to signal peaks but also responds to noise at the
baseline. In order to prevent this noise from generating false
data, the signal at the output of the Gain Controlled Amplifi-
er is also passed through a gating channel which prevents
any output change before the input signal has crossed an
established level. This gating channel comprises a differen-
tial comparator with hysteresis and a D flip-flop. The hyster-
esis for this comparator is set externally via the Set Hystere-
sis pin. The amount of hysteresis is twice the voltage on the
Set Hysteresis pin. For instance, if the voltage on the Set
Hysteresis pin is 0.3V, the differential input signal must be
larger than 0.6V(+0.3V) before the output of the compara-
tor will change states. The 0.6V hysteresis represents 30%
of a typical 2V differential input signal level to the

gating channel. The hysteresis level is usually set between
15% to 40% of the differential input signal.

The operation of the gating channel is shown in Figure 13.
At the top is a typical Region 1 waveform which exhibits
shouldering on the lowest frequency and is almost sinusoi-
dal on the highest frequency. In this example, this waveform
is fed to both the timing and the gating channel. The hyster-
esis level (of about 25%) has been drawn on this waveform.
The second waveform is the output of the differentiator and
its bi-directional one shot. This is the waveform on the Time
Pulse Out pin. While there is a positive edge pulse at each
peak, there is also noise at the shoulders. In this example,
the Time Pulse Out is connected directly to the Time Pulse
In without any external delay. This output is therefore the
clock for the D flip-flop.

The third waveform in Figure 13 is the output of the Compar-
ator with Hysteresis which goes to the D input of the flip-
flop. The true peaks are the first positive edges of the Time
Pulse Out which occur after the output of the comparator
has changed states. The D flip-flop will “clock” in these
valid peaks to the output bi-directional one shot. Therefore,
the noise pulses (due to the differentiator responding to
noise at the baseline) just “clock™ in the old data through
the flip-flop and the output does not change.

The Q output of the flip-flop drives the output bidirectional
one-shot which generates the positive edges corresponding
to the peaks. The width of the data pulses can be controlled
by an external capacitor from the Set Pulse Width pin to
ground. This pulse width can be adjusted from 20 ns to 1%,
the period of the highest frequency. Typical values for this
capacitor are 20 pF for a 25 ns pulse width to 100 pF for a
100 ns pulse.

INPUT

N

V

TIME PULSE OUT g_m

OUTPUT OF
DIFF COMPARATOR

V
o

1 M1 1

WITH HYSTERESIS

o1 1 M [

ENCODED DATA n "

nnn 0o 0

TL/F/5283-19

FIGURE 13. Time and Gate Channel Operation for Region 1 Signals
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PULSE DETECTOR OPERATION IN REGIONS 1 AND 2

Figure 14 shows the input waveform for the lowest frequen-
cy followed by the highest frequency for an MFM code. In
MFM the highest frequency is twice the lowest frequency.
The outer track has the least flux changes per inch (FCI)
and is illustrated in the waveforms at the top. There is so
much room between the pulses that the signal returns to the
baseline for the lowest frequency while there is shouldering
at the highest frequency. As you go towards the inner track,
the pulses become more crowded and bit interaction oc-
curs. At the third curve down (N X 1.7 FCI), there is shoul-
dering at the lowest frequency while the highest frequency
is almost sinusoidal. At higher bit densities, the lowest fre-
quency looks sinusoidal, while the highest frequency is de-
creasing in amplitude. In Figure 74, the first three wave-
forms are examples of Region 1 operation (very little
change in amplitude with frequency). The last two wave-
forms are examples of Region 2 operation.

In a disk system, the bit density changes about a factor of
1.7 between the inner and the outer track. For instance, if

Ne1.0 FCI

Ne1.3 FCI

Ne1.7 FCI

Ne2.2 FCI

Ne2.9 FCI

TL/F/5283-20

FIGURE 14. MFM F-2F Pulse Waveforms
for Various Flux Changes per Inch

the input waveform for the F-2F signal on the inner track of
a system looks similar to waveform #4 in Figure 14 (N X
2.2 FCI), then the outer track will have a bit density that is
approximately N X 2.2/1.7 or N X 1.3 FCI. This is shown in
the second waveform. Tracks half the way in will have a bit
density of the average between the inner and outer tracks,
in this case N X 1.7 FCI which is illustrated in the third
waveform. Note that the analog waveforms change consid-
erably with track location. Self-gating circuits (“desnakers”)
can be used in MFM systems which operate in these last
three curves (from N X 1.7 FCl to N X 2.9 FCI). If the FCI
becomes much less, the shouldering on the lowest frequen-
cy will let in too much noise. If the FCl is increased, the peak
resolution gets very poor. Now we can compare these
waveforms to longer run length limited codes.

Figure 15 shows the analog waveform for the lowest fre-
quency followed by the highest frequency for a 2,7 code. In
the 2,7 code, the frequency range is from F to 2.66 X F.
Unlike the MFM code, there is no region where the self-gat-
ing ““desnaker” will work on both the inner and outer tracks.

Ne1.0 FCI

Ne1.3 FCI

Ne1.7 FCI

Ne2.2 FCI

Ne2.9 FCI
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FIGURE 15. F-2.66 X F Pulse Waveforms
for Various Flux Changes per Inch
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The simplest operation is for systems operating entirely in
Region 1, that is, no amplitude reduction between the high-
est and the lowest frequency at the inner track. The inner
track is specified because the pulse interaction is most se-
vere on the inner track. For Region 1 operation, only the
Time Channel filter is required, so the Gate Channel Input is
connected to the Time Channel Input. Since no external
time delay is required to align the time and gate channels,
the Time Pulse Out is connected directly to the Time Pulse
In. The Region 1 connection is shown in Figure 2. The inter-
nal timing for this operation is shown in Figure 13.

If there is significant amplitude reduction at the highest fre-
quency, the peak detection becomes more complex. If the
worst case waveform is like the fourth waveform on Figure
14, then the Region 1 connection might still work satisfacto-
rily. However, if the input begins to approach the fifth wave-
form, this system configuration will completely fail. One
problem is that the AGC will respond to the frequency de-
pendent amplitude modulation and distort the waveform.

Figure 16 illustrates this problem which is encountered in
systems operating in Region 2. If the input digital pattern
suddenly shifts from a high frequency to a low frequency,
the bit density may shift from the 70% level on the BPI
curve of Figure 1 to a point at 90% on the BPI curve. As
shown, the AGC loop is correcting for this frequency-in-
duced change in amplitude by quickly decreasing the ampli-
fier gain. The situation gets worse if the input digital pattern
shifts back to a high frequency. The AGC loop now cannot
quickly increase the amplifier gain, so the output waveform
will very slowly increase. The AGC response to frequency
related amplitude change is not desirable since the AGC is
now distorting the input waveform. This can be prevented by
inserting a lead network between the Gain Controlled Ampli-
fier's output and the AGC input, as shown in Figure 17. This
will increase the amplitude of the higher frequency into the
AGC, thereby preventing the AGC from changing gain.

Another problem encountered in Region 2 operation is that
the amplitude of the highest frequency may be so low that it
may not trip the hysteresis level. If this happens, these
peaks would not be gated on to the output. This problem
can also be corrected by placing a separate filter to the
gating channel which will make the amplitude of the highest
frequency equal the amplitude of the lowest frequency. This
is illustrated in the following example.

Consider a disk system which uses the 2,7 code and has an
input at the inner track which looks like the fifth waveform in
Figure 15. Since the flux density on the outer track is 1/1.7
times the flux density of the inner track, the outer track
waveform will look like the third waveform. One filter cannot
perfectly compensate both these extremes, so we design to

REGION 2
INPUT
SIGNAL

IMPROPER
AGC RESPONSE

compensate a waveform between these two. The track
which is 2/ of the way in towards the inner track is a good
compromise. The filter in this example is a single zero
placed such that the lowest frequency followed by the high-
est frequency have the same amplitude on the track %4 of
the way in. Figure 18 shows the operation of the inner track
of this example. While the gating channel filter has made
the amplitudes of the two frequencies nearly the same, the
time relationship to the Time Channel Input has not been
preserved. The proper operation is to have the positive
edge of the signal at the Time Pulse In pin, which corre-
sponds to a peak, be the first positive edge after the output
of the comparator has changed states. This can be accom-
plished either of two ways. One way is to insert an external
delay between the Time Pulse Out and the Time Pulse In as
shown in Figure 18. The required delay can be determined
by comparing the Time Pulse Out to the Channel Alignment
Output with both external filters in the circuit. Another way is
to design the Time Channel Filter with more group delay.
This will probably require additional poles.

Figure 19 shows the outer track operation of our example.
Notice how the system has taken care of the shoulder-in-
duced-noise on the Time Pulse Out. The external delay has
shifted the Time Pulse In so the noise is not clocking in new
data to the flip-flop. It is important to select this delay such
that the positive edge corresponding to a signal peak is al-
ways the first positive edge after the output of the compara-
tor has changed states.

While the gating filter has equalized the amplitudes between
the highest and the lowest frequency, the amplitude be-
tween the inner and the outer track has not been held con-
stant. This can be seen by comparing the Gate Channel
Input between Figure 18 and Figure 19. In order to avoid
saturating the Gain Controlled Amplifier, the voltage on the
VRer pin must be set so that the voltage out of the Gain
Controlled Amplifier is 4 Vpp or less for all tracks. The low
frequency signal on the inner track contains far more funda-
mental frequency than the low frequency signal on the outer
track. Consequently, the low frequency inner track signal
will experience more attenuation than the low frequency
outer track signal in passing through the gating channel fil-
ter which, for this example, has been optimized to pass
higher frequencies. The AGC tends to hold the input to the
gating channel constant for a fixed VReg level. Therefore
the largest output from the Gain Controlled Ampilifier is for
the low frequency inner track signal. The voltage on VRgr
should be adjusted so that the differential output swing of
the Gain Controlled Amplifier is 4 Vpp maximum for this
signal. This means that the output voltage on the outer track
will be less than 4 Vpp.

TL/F/5283~22

FIGURE 16. Improper AGC Response to Region 2 Signal
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Application Information (continued)
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FIGURE 18. Region 2 Inner Track Operation

TL/F/5283-24
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FIGURE 19. Region 2 Outer Track Operation
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DP8464B

Application Information (continued)

Another troublesome input pattern which should be investi-
gated is a high frequency triplet surrounded by the lowest
frequency as shown in Figure 20. Since the center bit of the
triplet does not rise very much above the baseline, there is
the possibility it will not trip the hysteresis level. This pattern
should be checked to ensure the gating channel filter raises
this center bit enough for the proper operation of the gating
channel. The operation of the triplet in the previous example
is shown in Figure 21. :

LAYOUT CONSIDERATIONS

Figure 22 is a top view of the component layout for the
DP8464B application board whose schematic is shown in
Figure 23. Care must be exercised in the board layout in
order to isolate all digital signals from analog signals. The
layout shown in Figure 22 is a good example of what is

required in this regard. In particular the Amp. In pins (pins 6
and 7) and the Cp)rr pins (pins 1 and 24) must be isolated
from all digital signals. An analog ground plane will greatly
aid in this isolation as will separate digital and analog
grounds. The Vg (pin 9) should have a 0.1 pf bypass ca-
pacitor to analog ground located close to the DP8464B. The
component list is provided as an example. These compo-
nents will need to be optimized for a specific read channel.

TL/F/5283-26
FIGURE 20. (2,7) Triplet
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TL/F/5283-27

FIGURE 21. Region 2 Triplet Operation
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Application Information (continued)

/
Amp In
N\,

Read/write

Encoded Data Out

FIGURE 22. DP8464B Component Layout—Top View
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Application Information (continued)
PARTS LIST FOR DP8464B BOARD

av9v8dd

Component Note Function Value for Value for
Name # Value 5 Mbits/sec 10 Mbits/sec

R2 3 Adjustment for Vger (AGC amplitude) 1k pot

R3 3 Adjustment for Set Hyst. (threshold) 1k pot
R4 2 Adjustment for differentiator network Q 5k pot
R5 1 Low pass filter resistor 5600
R6 1 Low pass filter resistor 2400
R7 1 Low pass filter resistor 2400
R8 Amp Out emitter bias resistor 4.3k
R9 Amp Out emitter bias resistor 4.3k

R10 Pull down resistor for Read/Write Pin 5.1k

R11 Resistor in parallel with Cagc 100k

R12 Encoded Data Out damping resistor 510

R13 Read/Write damping resistor 510

R14 Divider network for Set Hyst. and VRer 2.4k

R17 6 Series resistor for Time Channel Input Not required on DP8464B

R18 6 Series resistor for Time Channel Input Not required on DP8464B

Ct VREF cap 0.1 uF

c2 Set Hyst. cap 0.1 uF
C3 2 Differentiator cap 100 pF 50 pF
C4 Time and Gate Channel In coupling cap 0.01 uF

Cs Time and Gate Channel in coupling cap 0.01 uF

Cé 1 Low pass filter cap 200 pF 100 pF
c7 1 Low pass filter cap 30 pF 15 pF
cs 4 Cagc cap 0.01 uF

C10 Ve cap 1.0 uF

Ci1 Vcc cap 0.1 uF

C13 5 Amp In coupling cap 2200 pF

C14 5 Amp In coupling cap 2200 pF

c1é Set Pulse Width cap 100 pF 50 pF
L1 2 Ditferentiator inductor 3.6 uH 1.6 uH
L2 1 Low pass filter inductor 10 uH 4.7 uH
L3 1 Low pass filter inductor 10 uH 4.7 uH

BREADBOARD OPERATION NOTES

1. The low pass filter is a 3 pole Bessel with the corner
frequency at 3.75 MHz for the 5Mbits/sec board (7.5

5. The input pole is set at 72 kHz (1k input impedance and a
2200 pF input coupling capacitor).
6. Pulse pairing (described in the differentiator section of

MHz for the 10 Mbits/sec board).

. The differentiator is a simple RLC filter with the break
frequency at 8.5 MHz for the 5 Mbits/sec board (17 MHz
for the 10 Mbits/sec board). The resistor can be adjusted
to correct for phase distortion in the channel.

. The VRer should be set at 0.5V. Since the low pass filter
has a 6 dB loss, the signal on AMP OUT is 4 Vpp differen-
tial while the amplitude into the gate channel is 2 Vpp
differential. The Set Hyst. should be nominally set at
0.3Vv.

. The AGC attack time (the response to an increased input
amplitude) is about 2 ps. To increase this time, increase
the value of C8 (the AGC capacitor). The AGC decay time
(the response to a decrease in amplitude) is about 10 ms.
To increase this time, increase the value of R11. Care
must be taken to not allow the response of the AGC loop
to become too fast, otherwise loop instability may occur.

this data sheet) can be caused by unequal delays through
the Bi-directional one shots. To minimize this effect, pin 2
should be connected to pin 22, and pin 23 should be
connected to pin 21. If connected this way, the delays
tend to cancel.

REFERENCES
1. I. H. Graham, “‘Data Detection Methods vs. Head Resolu-

tion in Digital Recording,” |IEEE Transactions on Magnet-
ics Vol. MAG-14, No. 4 (July 1978)

2. I. H. Graham, “Digital Magnetic Recording Circuits,” to be

published.

3. Anatol 1., Zverev, Handbook of Filter Synthesis, John Wi-

ley & Sons publisher, 1967.
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DP8468B

National
Semiconductor

PRELIMINARY

DP8468B Disk Pulse Detector + Embedded Servo

Detector

General Description

The DP8468B Disk Pulse Detector + Servo utilizes analog
and digital circuitry to detect amplitude peaks of the signal
received from the read/write amplifier fitted with the heads
of disk drives. The DP8468B produces a TTL compatible
output which, on the positive leading edge, indicates a sig-
nal peak. Electrically, these peaks correspond to flux rever-
sals on the magnetic medium. The signal from the read/
write amplifier when reading a disk is therefore a series of
pulses with alternating polarity. The Disk Pulse Detector ac-
curately replicates the time position of these peaks.

The DP8468B also incorporates two gated detectors which
detect embedded servo information, used for head position-
ing. It is primarily intended for detecting a burst type servo
pattern as shown in Figure 16. However, with external sync
detection circuitry it will detect a tri-bit type servo pattern
also shown in Figure 16. The DP8468B provides two buff-
ered low impedance voltage outputs which represent the
peak detected level of each servo burst. These voltages are
suitable for digitizing by an analog to digital converter, as
would typically be done in a system that utilizes stepper
motors for head positioning. The DP8468B also provides a
low impedance output that represents the difference volt-
age, centered about an external reference voltage, between
the two servo channels. This voltage is useful in servo sys-
tems using a linear voice coil for head positioning.

The Disk Pulse Detector + Servo is fabricated using an
advanced oxide isolated Schottky process, and has been
designed to function with data rates up to 15 Megabits/sec-
ond. The DP8468B is available in a surface mount 28-pin
plastic chip carrier package. Normally, it will be fitted in the

disk drive, and its- output may be directly connected to any
of National’s Data Separators or Synchronizers.

Features

B Wide input signal amplitude range—from 20 mVpp to
660 mVpp differential

m Data rates up to 15 Megabits/sec 1/(2,7) code

m On-chip differential gain controlled amplifier, differentia-
tor, comparator gating circuitry, and output pulse
generator

m Input capacitively coupled directly from the disk head
read/write amplifier

m Adjustable comparator hysteresis

® Dynamic hysteresis tracks signal amplitude

m AGC and differentiator time constants set by external
components

B TTL compatible digital Inputs and Outputs

m Encoded Data Output may connect directly to any of
National's Data Separators or Synchronizers

| Standard drive supply: 12V £10%, 5V +5%

m Built in embedded servo detector

® On chip buffers provide low impedance servo output
voltages

W User adjustable servo time constants

m Differentiator and time pulse outputs available as pins
on special engineering parts

| Available in a surface mount 28-pin plastic chip carrier
package

Block Diagram
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Absolute Maximum Ratings ®
If Military/Aerospace specified devices are required, Limit 4
contact the National Semiconductor Sales Office/ Storage Temperature —65°Ct0150°C | gg
Distributors for availability and specifications. Lead Temp. (Soldering, 10 seconds) 300°C
Pins Limit Maximum Power Dissipation at 25°C
Supply Voltage 9 14v Plastic Chip Carrier Package 1560 mW
TTL Input Voltage 8,17, 20, 22 5.5V (derate 12.5 mW/°C above 25°C)
TTL Output Voltage 12,11 5.5V . .
Input Voltage 23,5 5.5V OPer atlng Conditions
Minimum Input Voltage 23,5 -0.5V Min  Typ Max Units
Differential Input Supply Voltage, (Vo) 108 120 13.2 \%
Voltage 6-7,4-1, 3Vor -3V Logic Supply, (V5V) 475 5 525 \Y
ESD susceptibility rating is to be determined. Ambient Temperature, (Ta) 0 70 °C
DC Electrical Characteristics over Recommended Operating Temperature and Supply Range Vagr = 0.5V,
Set Hysteresis = 0.3V. Read/Write = 0.3V, Vpiy 17 = Vpin 20 = 2V, Vpin 22 = 0.3V, unless otherwise noted.
Symbol I Pins l Parameter I Conditions | Min I Typ | Max | Units
AMPLIFIER
ZiNg 6,7 Amp In Impedance Ta = 25°C 20 KO
(Note 1)
AVMIN 28,27 Min Voltage Gain AQ Outpyt 4Vpp 6.0 VIV
Differential
AVMAX 28,27 Max Voltage Gain A.C Outpyt 4Vpp 200 VIV
Differential
Veage 14 Voltage on Cagc Ay = 6.0 4.5 \"
Ay = 200 3.7 v
CHANNEL
ZiNgy 4,1 Channel Input Ta = 25°C 25 KO
Impedance (Note 1)
lcagc— 14 Pin 14 Current which VpiN 14 = 3.9V _5 mA
Charges Cagc [VPiN4 — Veingl = 1.3V
Icage+ 14 Pi.n 14 Current which VpiN 14 = 5V 1 pA
Discharges Cagc IVping — VPin1l = 0.7V
VRer 5 VREer Input Bias _
Current 20 KA
VTH AGC 4,1 AGC Threshold (Note 2), 10 v
5,14 VpiN 14 = 4.2V
IsH 23 Set Hysteresis Input _
Bias Current 60 KA
VTHgy 4,1 Set Hysteresis (Note 3) 06 v
23,11 Threshold
ch 2,3 Current into Pin 2 and
3 that Discharges Cy 18 mA
WRITE MODE
Zing 6,7 Amp .ln Impedance Vping = 2.0V 68 Q
in Write Mode
lcage— 14 Pin 14 Current Vping = 2.0V
in Write Mode Vpin 14 = 3.9V 1 RA
[VPing — VPNl = 2.6V
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DC Electrical Characteristics over Recommended Operating Temperature and Supply Range VRgr = 0.5V,
Set Hysteresis = 0.3V. Read/Write = 0.3V, Vpy 17 = VpiN 22 = 0.3V, unless otherwise noted. (Continued)

Symbol ] Pins Parameter Conditions Min Typ I Max | Units
DIGITAL PINS
ViH 8,17,20,22 | High Level input Voltage 2 \]
ViL 8,17,20,22 | Low Level Input Voltage 0.8 \]
V| 8,17,20,22 | Input Clamp Voltage Vsy = Min, | = —18 mA -1.5 \
iy 8,17,20,22 | High Level Input Current Vsy = Max, V) = 2.7V 20 pA
Iy 8,17,20,22 | Input Current at Vsy = Max, V| = 5.5V 1 mA
Maximum Input Voltage
I 8,17,20,22 | Low Level Input Current Vsy = Max, V) = 0.5V —200 pA
VoH 12 High Level Output Voitage Vsy = Min, 27 v
loH = —40 pA (Note 4) )
VoL 12 Low Level Output Voltage Vsy = Min, 05 v
loL = 800 pA (Note 4) -
ItH 11 High Level Output Vpin 11 = 5.5V Measure 10 A
Leakage Current Currentinto Pin 11 P
VoL 11 Low Level Output Voltage Ipin 11 = 5mA 0.5 \'
los 12 Output Short Circuit Current Vsy = Max, Vg = 0V —100 mA
SERVO CHANNEL
Zpis 18,19 Discharge Impedence VPN = 2V 15 KO
Force 3V on Pins 18 or 19. .
VBoq 15,16 Buffer Quiescent VPIN 17, 20, 22 = 0.3V
' Output Level Ve = 0V, Vpn 21 = 5V 1.26 \
. Pull 0 mA from Pins 15 and 16.
Avq 15,16 Quiescent Output VPIN 17, 20, 22 = 0.3V
Level Gain to Pin 21 Vg) = 0V, Vpin 21 = 4.5V
Pull 0 mA from Pin 15 and 16. 0.226 Vv
Aves = VBog ~ VPIN 15 0r 16
a 5V — 4.5V
VPDOq 24 Peak Detector Quiescent VpiN21 = 5V, Vg = 0V, 0.45 v
Output Level Pull 200 pA from Pin 24 i
I 18,19 Gated Off Leakage Current Vpin22 = 0.3V
VPIN20 = VPIN 47 = 2V 0.2 A
Force 6.6V on Pin 18 or Pin 19 - ®
Vosgo 16,15 Buffer Output Offset Voltage VPpIN 17, 20, 22 = 0.3V
For Ve = 1Vpk-pk VpiN 1 = 4.25V )
Vpin 4 = 3.75V
Pull O mA from Pin 15 and 16. 3 mv
Vosgo = VPIN16 — VPIN 15
Vosgys 25,21 System Output Offset Voltage | Vpin 17, 20,22 = 0.3V
For Ve = 1Vpk-pk VpINt = 4.25V, Vping = 3.75V
' Pull 0 mA from Pin 25 t5 mV
Vosgys = VPIN25 = VPIN 21
Avpa lzv 25,21 Difference Amplifier Gain, VpiN 17,20 = 2V
2V Differential Input VpiN 22 = 0.3V
VpiN 19 = 5.4V, VpiN 18 = 3.4V 0.5 VIV
Avea = YPIN21 ~ VPIN25
VDA = 5 . v ..
VpiN 19 — VPIN 18
Avpa I1V 25,21 Difference Amplifier Gain, VpPIN 17,20 = 4V
1V Differential Input Vpin 22 = 0.3V
VpiN19 = 4.9V, Vpy 18 = 3.9V 0.5 VIV
Avia = YPIN21 ~ VPIN25
VDA= T
Vein19 — VPIN 18
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DC Electrical Characteristics over Recommended Operating Temperature and Supply Range Vagr = 0.5V,
Set Hysteresis = 0.3V. Read/Write = 0.3V, Vpjn 17 = VpiN 22 = 0.3V, unless otherwise noted. (Continued)

889¥8da

Symbol I Pins l Parameter l Conditions | Min l Typ | Max | Units
SERVO CHANNEL (Continued)
- " Avga |
GLpa 25 | Difference Amplifier da lgy ‘
NN A GlLpa = - 1{ X 100 0.5 %
Gain Linearity DA™ | Avaal W
Zppo 24 Peak Detector Out VPIN 17, 20,22 = 0.3V, Vg = 1V
Source Output Impedence Measure Vp|y 24 with 200 pA and 3 mA Pulled
out of the Pin. . 270 Q
Zppo  _ Jchangein Vpi o4l
ource 3mA — 0.2mA
Avgd |y 15, 16 | Gated Detector Gain VPIN 22, 20, 17 = 0.3V
For Vg) = 2Vpk-pk Vpint = 4.5V, Vpjng = 3.5V 175 VIV
Av VPIN150r16 — VBOQ
g=——a
¢ Vai
Avggd |1V 15, 16 | Gated Detector Gain VPIN 22, 20,17 = 0.3V
For Vg = 1Vpk.pk Vping = 4.25V, Vpng = 3.75V 2 VIV
Aven = VPN 150r 16 — VBOQ
od Ve
AVppoly, | 24 | Peak Detector Output VPNt = 4.5V, Vpins = 3.5V
Voltage Gain _ VPIN 24 Pk-pk 1.9 VIV
For Vg = 2Vpk.pk AvpDO = Vol
AVppo |1V 24 Peak Detector Output VpiNt = 4.25V, Vpng = 3.75V
\Floltia/ge Gain A VPIN 24pc 2.0 VIV
or Vg = 1Vp. VPDO =
cl pk-pk Vo
Glgq 15,16 | Gated Detector Gain Linearity IVein 16 — Vein tsleightn _ o
IVein 16 — VPIN 15lquarter
Glgg = 05 X 100 105 %
[VPIN 16 — VPIN 15leighth = (Note 5)
IVPiN 16 — VPIN 15lquarter = (Note 6)
Icc 9 Vcc Supply Current Vce = Max 41 mA
Isy 21 5V Supply Current Vsy = Max 7 mA

AC Electrical Characteristics over Recommended Operating Temperature and Supply Range Refer to AC
Test Setup. f = 2.5 MHz unless otherwise indicated.

Symbol Pins Parameter Conditions Min | Typ | Max | Units
tcharge 15,16 | Gated Detector Charge Time Vo1 = 2V pk-pk, Vpn 22 = 0.3V,

S1 & S2 = Closed. With LP1 and

LP2 discharged, measure the time 11 ps

from Pin 17 or 20 going from 2V to
0.3V, to Vio, Or Vo, respectively,
reaching 90% of their final value.

tdischarge | 15,16 | Gated Detector Discharge Time | Vg = 2V, pk-pk,S1 & S2 = Closed.
With LP1 charged, measure the time
from Pin 22 going from 0.3V to 2V, to 56 us
the voltage at Vi, Or Vi, reaching
90% of their final value.

ton 18,19 | Gated Detector Turn On Time Ve = 1VDC, Vpy22 = 0.3V,

S1 & S2 = Open. With LP1
discharged, measure the time from
Pin 17 going from 2V to 0.3V, to the 8 ns
voltage on Pin 18 increasing 0.1V
Do a similar measurement with LP2,
Pin 20 and Pin 19.
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AC Electrical Characteristics over Recommended Operating Temperature and Supply Range Refer to AC
Test Setup. f = 2.5 MHz unless otherwise indicated. (Continued)

Symbol Pins Parameter Conditions Min Typ Max Units

torrF 18, 19 Gated Detector Turn Off Time Ve = 1VDC, Vpn 22 = 2V,
S1 & S2 = Open. Measure the
time from Pin 17 going from
0.3V to 2V, to the voltage on 10 ns
Pin 18 decreasing by 0.1V.

Do a similar measurement with
Pins 20 and 19.

DP8468B-2 12 Pulse Pairing f=25MHzandf = 3.33 MHz +3 ns
tpp Va1 = 60 mVpp differential.
DP8468B-3 12 Pulse Pairing f=25MHzand f = 3.33 MHz +5 ns
tpp Val = 60 mVpp differential.

Note 1: The temperature coefficient of the input impedance is typically 0.05% per degree C.
Note 2: The AGC Threshold is defined as the voltage across the Channel Input (pins 4 and 1) when the voltage on Cagc (pin 14) is 4.2V.

Note 3: The Set Hysteresis Threshold is defined as the minimum differential AC slgnal across the Channel Input (pins 4 and 1) which causes the voltage on the
Channel Alignment Output (pin 11) to change state.

Note 4: To prevent inductive coupling from the digital outputs to Amp In, the TTL outputs should not drive more than one ALS TTL load each. Pin 11 is an open
collector output which is tested with an external 1k pullup resistor to the 5V supply.

Note 5: [Vpiy 16 — VPIN 15|e;9hm = The difference in the buffer output voltages with the channel input level set to simulate the read head mispositioned by one
eighth of a track, This is done by setting Vg = 1.25V and measuring Vpjy 15 then set Vg = 0.75V and measure Vpjy 16. The absolute value of the difference
between Pins 15 and 16 is the quantity of interest. The part is also tested with Pin 16 measured at a Vg; = 1.25V and Pin 15 measured with Vg = 0.75V.

VpIN 17 = VpIN 18 = 0.3V

Note 6: [VpiN 16 — VPIN 15|qume.- The difference in the buffer output voltages with the channel input level set to simulate the read head mispositioned by one
quarter of a track, This is done by setting V¢ = 1.5V and measuring Vpjy 15 then set Vg = 0.5V and measure Vp|y 16. The absolute value of the difference
between Pins 15 and 16 is the quantity of interest. The part is also tested with Pin 16 measured at a Vg = 1.5V and Pin 15 measured with Vg = 0.5V.

VeIN 17 = VpIN 18 = 0.3V

AC Test Set Up

SINE e *1 Transformer (T1) is
GENE:!ATQR Tektronix CT-2 current
s m probe or equivalent.
*2 Five Pole Low Pass
/ﬂ +Hav 0005, Filter with f —3 dB = 4 MHz
LOGIC N " w required to reduce distortion
| -F“"' | -V | of sinewave generator.

11 10 s 8 7 3 5 W
CHAN  SET Voo R/W  =AMP.  +AWP Ve
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0.01 uF 02’y [ l 1 | ]
,;; 1000 A 68k
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TL/F/8828-2
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AC Test Set Up (Continued)

The channel filter is a 3 pole Bessel with the corner frequen-
cy at 7.5 MHz which is similar to filters used in 10 Mbits/sec
2,7 drives.

TL/F/8828-3

Pulse Pairing Measurement

Connect a scope probe to pin 12 (Encoded Data Out) and
trigger off its positive edge. Adjust the trigger holdoff so the
scope first triggers off the pulse associated with the positive
peak and then off the pulse associated with the negative
peak (as shown in the scope photo below). Pulse pairing is
displayed on the second pair of pulses on the display. If the
second pulses are separated by 2 ns, then the pulse pairing
for this part is =1 ns.

Chip Operation

The output from the read/write amplifier is AC coupled to
the Amp Input of the DP8468B. The amplifier’s output volt-
age is fed back via an external filter to an internal fullwave
rectifier and compared against the external voltage on the
VRer pin. The AGC circuit adjusts the gain of the amplifier
to make the peak to peak differential voltage on the Gate
Channel Input four times the DC voltage on Vger. Typically
the signal on Amp Out will be set for 4 Vpp differential.
Since the filter usually has a 6 dB loss, the signal on the
Gate Channel Input will be 2 Vpp differential. The user
should therefore set 0.5V on VRgg which can be done with a
simple voltage divider from the + 12V supply.

The peak detection is performed by feeding the output of
the Amplifier through an external filter to the differentiator.
The differentiator output changes state when the input pulse
changes direction, generally this will be at the peaks. How-
ever, if the signal exhibits shouldering (the tendency to re-
turn to the baseline), the differentiator will also respond to
noise near the baseline. To avoid this problem, the signal is
also fed to a gating channel which is used to define a level
either side of the baseline. This gating channel is comprised
of a differential comparator with hysteresis and a D flip-flop.
The hysteresis for this comparator is externally set via the
Set Hysteresis pin. In order to have data out, the input am-
plitude must first cross the hysteresis level which will
change the logic level on the D input of the flip-flop. The
peak of the input signal will generate a pulse out of the
differentiator and bi-directional one shot. This pulse will
clock the new data at the D input through to the output. In
this way, when the differentiator is responding to noise at
the baseline, the output of the D flop is not changing since
the logic level into the D input has not changed. The com-

parator circuitry is therefore a gating channel which pre-
vents any noise near the baseline from contaminating the
data. The amount of hysteresis is twice the DC voltage on
the Set Hysteresis pin. For instance, if the voltage on the
Set Hysteresis pin is 0.3V, the differential AC signal across
the Gate Channel Input must be larger than 0.6V before the
output of the comparator will change states. In this case,
the hysteresis is 30% of a 2V peak to peak differential sig-
nal at the gate channel input.

The signal at the Channel Input pins #1 and #4 is amplified
and fed to a full wave rectifier. This full wave rectified signal
is then presented to the inputs of two separately gated de-
tectors which, when gated on, will generate a DC voltage
level proportionate to the peak level of the full wave rectified
signal. When recovering embedded servo information each
channel is independently gated, thereby detecting a signal
whose amplitude represents the relative positioning of the
read head. The difference of the DC voltages from the gat-
ed detectors is the head positioning information. The DC
voltages appear across external RC networks connected to
pins 18 and 19. The output buffers level shift these DC volt-
ages which then appear at the low impedance output pins
15 and 16. The voltages at these pins are differenced and
appear at the low impedance output pin 25 centered about
the external reference voltage applied to pin 21.

Connection Diagram
Plastic Chip Carrler (PCC) Package

se7
CHAN. POLSE
Aloh. wioth Vec  R/W - WPe yper

L1 1 |

"o 10 9 8 7 65 5 )
PR ‘e
DioTAL 1 13 3 f—co-
Cace—] 14 2 f—cD+
BUF2—115 DP8468B U ki
BUF1_]16 28— AP+
GATE 1 =—q 17 27 |4 -
LP1— 18 26 f— ANALOG
19 20 21 22 23 24 25

SET HYST. D.A, OUT
DISCHARGE PDO

PULSE
DIFFERENTIAE([)J!}‘ ouTe

1
P2 GATE2 VSV

*AVAILABLE AS ENGINEERING SAMPLES ONLY.
TL/F/8828-4
Plastic Chip Carrier (V)
Order Number DP8468BV
See NS Package Number V28A

Pin Definitions

Pin # Name Function
POWER SUPPLY i
9 Vee The supply is +12V £10%.
21 V5V Supplies internal chip logic and

provides a reference voltage for the

zero level of the difference amplifier

output on pin 25. Supply tolerance is
5V £5%.
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Pin Definitions (continued)

Pin # Name Function
POWER SUPPLY (Continued)
26 Analog Analog signals should be referenced
Ground to this pin.
13 Digital Digital signals should be referenced to
Ground this pin.
ANALOG SIGNALS )

6 Amp.int+  These are the differential inputs to the

7 Amp.in—  Amplifier. The output of the read/write
head amplifier should be capacitively
coupled to these pins.

28 Amp.out+ These are the differential outputs of

27  Amp.out— the Amplifier. These outputs should be
capacitively coupled to the channel
filter.

4  Channel These are the differential inputs to the

1 Inputs time, gating and servo channels.
These inputs must be capacitively
coupled to the channel filter at the
amp. outputs.

2 GCg+ The external differentiator network is

3 GCyg— connected between these two pins.

23 Set The DC voltage on this pin sets the

Hysteresis amount of hysteresis on the
differential comparator.

24 PDO This is a Peak Detector Output signal
that is used in conjunction with the set
hysteresis pin 23 to provide a dynamic
hysteresis function.

5 VRer The AGC circuit adjusts the gain of the
gain controlled amplifier to make the
differential peak to peak voltage at the
Channel Inputs equal to four times the
DC voltage on this pin.

14 Cagc The external capacitor for the AGC is
connected between this pin and
Analog Ground.

18 LP1 The peak detected servo signal

19 LP2 voltage appears across the RC

networks connected from these pins
to analog ground.

16  Buffer Out 1
15 BufferOut2

These low impedance pins, output the
DC level at pins 18 and 19
respectively, level shifted down by two
diode drops.

25 D.A.Out This low impedance pin outputs the
difference in voltage between pins 16
and 15 about a zero level set by the
voltage on pin 21.

DIGITAL SIGNALS
10 SetPulse  An external capacitor to control the
Width pulse width of the Encoded Data Out
is connected between this pin and
Digital Ground.
8 READ/ If this pin is low, the Pulse Detector is
WRITE in the read mode and the chip is

active. When this pin goes high, the
pulse detector is forced into a stand-
by mode. This is a standard TTL input.

Pin # Name Function

DIGITAL SIGNALS (Continued)

11 Channel This is the buffered, open collector,
Alignment  output of the differential comparator
Output with hysteresis.

12 Encoded  Thisis the standard TTL output whose
DataOut  |eading edge indicates the time

position of the peaks.
17 Gate 1 These inputs accept TTL levels. When
20 Gate 2 a low level is present the embedded

servo signal is allowed to charge the
RC network at pins 18 and 19
respectively. A high level will force a
hold condition of the DC voltage
across the RC network and will also
disable the servo channel.

This input accepts a TTL level. A high
level connects a 1.5k internal resistor
to ground on pins 18 and 19.

SPECIAL ENGINEERING PIN OUT AVAILABLE

On an engineering basis only, the Differentiator Output and
the output of the time channel bi-directional one shot (re-
ferred to from now on as ‘Time Pulse Output’) will be
brought out as pins. The Differentiator and Time Pulse Out-
put pins will not be available on production parts. They are
only available by special request on an engineering basis.
In order to bring out these pins it is necessary to eliminate
two other pins. The pin trade off and operation details are as
follows:

1. The Differentiator Output replaces the Peak Detector
Output (PDO), pin 24. The Differentiator Output is buff-
ered by an emitter follower which has a 3k resistor in
series with the emitter connected to the output pin. This
is shown in Figure 12. An external resistor to ground
must be connected to this pin in order to bias the output
emitter follower. The combination of the 3 kQ output re-
sistor and the external resistor pull down, form a voltage
divider that attenuates the level of the differentiator out-
put signal. Please note that the differentiator signal will
only be linear near the differentiator output zero crossing
because the signal peaks at the differentiator output are
clamped by the Schottky diodes across the collectors of
Q2 and Q3 as shown in Figure 12.

2. The Time Pulse Output replaces the Difference Amplifier
Output (D.A. Out), pin 25. This pin is a standard TTL
output capable of driving one ALS load.

DIFFERENCES BETWEEN THE DP8468B AND
THE DP8464B

The DP8468B is a DP8464B type pulse detector in combi-
nation with two gated detectors which are used to detect
embedded servo information in a Winchester disk drive. In
order to fit into a 28-pin PCC package and provide the addi-
tional embedded servo detection functions, some of the
pins on the DP8464B were eliminated. Other changes were
made to reduce power dissipation. A summary of the differ-
ences between the two parts is given here for the benefit of
those who are familiar with the DP8464B.

1. The Time Channel Inputs are now internally connected
to the Gate Channel Inputs.

22 Discharge

3-32




Pin Definitions (Continued)

2. The Time Pulse Out pin is now internally connected to
the Time Pulse In pin, and not normally brought out as
an output.

3. The Channel Alignment Output is now open collector
and requires an external pull up resistor for use.

. The internal logic is powered from an external 5V sup-
ply connected to pin 21.

5. The output impedance that drives Cagg, pin 14, has
been reduced from 7000 to 350Q. This allows you to
double the external capacitance on this pin and still
achieve the same attack time as with the DP8464B.
The large capacitor allows for longer AGC hold times,
which is useful during the embedded servo sectors.

6. The internal leakage current from pin 14 to ground has
been reduced by a factor of 5.

7. The combined differential input impedance of the Gate
Channel and the Time Channel has been increased
from 1.67 kQ to 2.5 kQ.

. The internal current sources on the Amp. Output pins
have been eliminated. The current in the output emitter
followers is now entirely set by the external pull down
resistors on pins 27 and 28.

9. In addition to the embedded servo circuitry, a Dynamic
Hysteresis function has been added. The hysteresis
level can be set as before or the set hysteresis pin can
be connected through an external RC network to the
PDO output, pin 24, to implement the Dynamic Hyster-
esis function.

10. The gain controlled amplifier input impedance in read
mode has been increased to 2 kQ.

I

[+

Application Information

GENERAL DESCRIPTION OF PULSE DETECTION

The DP8468B Disk Pulse Detector utilizes analog and digital
circuitry to detect amplitude peaks of the signal received
from the Read/Write Amplifier. The analog signal from a
disk is a series of pulses, the peaks of which correspond to
1’s or flux reversals on the magnetic media. The pulse de-
tector must accurately determine the time position of these
peaks. The peaks are indicated by the positive leading edge
of a TTL compatible output pulse. This task is complicated

by variable pulse amplitudes depending on the media type,
head position, head type and read/write amplifier circuit
gain. Additionally, as the bit density on the disk increases,
the amplitude decreases and significant bit interaction oc-
curs resulting in pulse distortion and shifting of the peaks.

The graph in Figure 2 shows how the pulse amplitude varies
with the number of flux reversals per inch (or recording den-
sity) for a given head disk system. The predominant disk
applications are associated with the first two regions on this
graph, Regions 1 and 2. Typical waveforms received by the
pulse detector for these regions are shown next to the
graph.

Region 1 is the high resolution area characterized by a large
spread between flux reversals and a definite return to base-
line (no signal) between these peaks. Pulses of this type are
predominantly found in drives which use either thin film
heads or plated media, or in drives which utilize run length
limited codes (like the 2,7 code) which spread the distance
between flux reversals.

A Region 2 waveform will vary from a tendency to return to
the basaeline (called shouldering) to almost sinusoidal at the
higher frequencies. These pulses come from drives which
use limited frequency codes (such as MFM). The pulses
may contain shouldering on the outer tracks of the disk and
be nearly sinusoidal on the inner tracks since the flux densi-
ty increases towards the inner track.

Detecting pulse peaks of waveforms of such variable char-
acteristics requires a means of separating both noise and
shouldering-caused errors from the true peaks. In the past,
mild shoulder-caused errors were blocked by self-gating cir-
cuits (such as the “de-snaker”). These circuits fail when
shouldering is extensive, hence the need for the DP8468B
which includes a peak sensing circuit and an amplitude sen-
sitive gating channel in parallel.

The main circuit blocks of the DP8468B are shown in Figure
1. The output from the read/write amplifier is fed directly to
the Amp Input of the DP8468B. This is the input of a Gain
Controlled Amplifier. The amplifier's output voltage is fed
back via an external filter to an internal fullwave rectifier and
compared against the external voltage on the Vggr pin. The
AGC circuit adjusts the gain of the amplifier to make the
peak-to-peak differential Channel input voltage four times
the DC voltage on VRgr.

The peak detection is performed by feeding the output of
the Gain Controlled Amplifier through an external filter to

REGION 2 WAVEFORM %

REGION 1

TL/F/8828-5

BIT DENSITY (BP1)

TL/F/8828-6

FIGURE 2. Pulse Amplitude vs. Bit Density with Typical Waveforms
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Application Information (continued)

the differentiator. The differentiator output changes state
when the input pulse changes direction, generally this will
be at the peaks. However, if the signal exhibits shouldering
(the tendency to return to the baseline) as seen in Region 1
and the upper part of Region 2, the differentiator will also
respond to noise near the baseline. To avoid this, the signal
is also fed to a gating channel which is used to define a
level either side of the baseline. This gating channel com-
prises a differential comparator with hysteresis and a D flip-
flop. The hysteresis for this comparator is externally set via
the Set Hysteresis pin. In order to have valid data out, the
input amplitude must first cross the hysteresis level. This will
change the logic level on the D input of the flip-flop. The
peak of the input signal will generate a pulse out of the
differentiator and bi-directional one shot. This pulse will
clock in the new data on the D input, which will appear at
the Q output. In this way, when the differentiator is respond-
ing to noise at the baseline, the output of the D flop is not
changing since the logic level into the D input has not yet
changed. The comparator circuitry is therefore a gating
channel to prevent any noise near the baseline from con-
taminating the data.

The amount of hysteresis is twice the DC voltage on the Set
Hysteresis pin. For instance, if the voltage on the Set Hys-
teresis pin is 0.3V, the differential Channel Input must be
larger than 0.6V (+0.3V) before the output of the compara-
tor will change states. The Encoded Data Output is de-
signed to drive 1 standard TTL gate. The Channel Align-
ment output is an open collector which requires a pull up
resistor, if you want to monitor this point, otherwise this pin
can be left floating.

GAIN CONTROLLED AMPLIFIER

The purpose of the Gain Controlled Amplifier is to increase
the differential input signal to a fixed amplitude while main-
taining the exact shape of the input waveform. The Gain
Controlled Amplifier is designed to accept input signals from
20 mVpp to 660 mVpp differential and amplify that signal to
4 Vpp differential. The gain is therefore from 6 to 200 and is
controlled by the automatic gain control (AGC) loop. The
amplifier output is actually capable of delivering typically
5 Vpp differential output but the parts are only tested and
guaranteed to 4 Vpp.

The input to the Gain Controlled Amplifier is shown in Figure
3. The value of the input capacitors should be selected so
that the pole formed by the coupling capacitor and the 2k
bias resistor is a factor of 10 lower than the lowest signal
frequency. These input bias resistors have a £20% toler-
ance and a temperature coefficient of 0.05% per degree C.
When the pulse detector is in the write mode, these bias
resistors are automatically shunted by 425Q resistors. This
allows the input circuit to recover quickly from the large tran-
sients encountered during a write to read transition. The
input impedance to the amplifier is therefore 2k during read
operations and 3509 during write operations.

The output of the Gain Controlled Amplifier is shown in Fig-
ure 4. The outputs are biased at (12V — (0.75 mA X 2.4k)
— 0.75V) or 9.5V. Since each output will swing =1V (4 Vpp
differential), each output pin will swing from 8.5V to 10.5V. If
the total differential load placed on the output is 1k, (see
Figure 5) then the circuit must supply 2V/1k or 2 mA. Since
the output is class A, external resistors to ground must be

- -2

READ AMPIN
AMPLIFIER

Pin #7

--db-=

TL/F/8828-7
FIGURE 3. Input to Gain Controlled Amplifier
’ 12v
5:2 4 i:z 4 J
.
— 10k _Pin #27
10k AMP OUT
M Pin #28
SL 1.5mA
= == TL/F/8828-8

FIGURE 4. Output of Gain Controlied Amplifier
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Application Information (continued)

used to provide the sink current. In this case, in order to sink
2 mA at the lowest voltage and provide a 2 mA safety mar-
gin, then (8.5V/4 mA) or an external 2k resistor from each
output to ground is required. The additional 2 mA margin
insures that the output emitter followers never turn off. Typi-
cally the output impedance of the Gain Controlled Amplifier
is 17Q, and the —3 dB bandwidth is greater than 20 MHz.

AUTOMATIC GAIN CONTROL (AGC)

The Automatic Gain Control holds the signal level at the
Channel Input at a constant level by controlling the gain of
the Gain Controlled Amplifier. This is necessary because
the amplitude of the input signal will vary with track location,
variations in the magnetic film, and differences in the actual
recording amplitude. The Gain Controlled Amplifier is de-
signed for a maximum 4 Vpp differential output. To prevent
the Gain Controlled Amplifier from saturating, the VRgr level
must be set so the maximum amplifier output voltage is
4 Vpp. The AGC will force the differential peak-to-peak sig-
nal on the Channel Input to be four times the voltage ap-
plied to the Vrer pin. Normally some kind of filter is con-
nected between the Gain Controlled Amplifier’s output and
the Channel Input. Typically this filter has a 6 dB insertion
loss in its pass band. Since the AGC holds the amplitude at
the Channel Input constant, this 6 dB loss through the
Channel filter will cause the Gain Controlled Amplifier’s out-
put to be 6 dB larger than the Channel Input.

8.25mA 1.75 mA
_‘:'s }

Pin #27

The AGC loop starts out in the high gain mode. When the
input signal is larger than expected, the AGC loop will quick-
ly reduce the amplifier gain so the peak-to-peak differential
voltage on the Channel Input remains four times the voltage
on VRer. If the input amplitude suddenly drops, the AGC
loop will slowly increase the amplifier gain until the differen-
tial peak-to-peak Channel Input voltage again reaches four
times VReg. The AGC loop requires several peaks to react
to an increased input signal. In order to recover the exact
peak timing during this transition, the Voyt level must be
set somewhat lower than the maximum of 4 Vpp. For in-
stance, if the VReg is 0.5V, and if the loss in the channel
filter is 6 dB, then the Amp Output is 4 Vpp. If the Amp Input
suddenly increases 30%, the amplifier may saturate and the
timing for a few peaks may be disturbed until the AGC re-
duces the amplifier gain. If the peak detection is critical dur-
ing this time, the system may fail. The proper operation, for
this example, is to set the VRer at 0.35V so the amplifier will
not saturate if the input suddenly increases 30%.

A simplified circuit of the AGC block is shown in Figure 6.
When the full wave rectified signal from the Channel Input is
greater than VRgf, the voltage on the collector of transistor
T1 will increase and charge up the external capacitor Cagc
through T2. The typical available charging current is 2.5 mA.
Conversely, if this input is less than VRgr, transistor T2 will
be off, so the capacitor Cogc will be discharged by the base
current going into the Darlington T3 and T4. This discharge

—L |

Vour

Pin #28
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>
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1
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TL/F/8828-9
FIGURE 5. Output Stage with 1k Differential Load
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FIGURE 6. Simplified AGC Circuit

TL/F/8828-10

3-35

g89v8dd




DP8468B

Application Information (continued)

current is approximately 1 uA. The voltage across Cagc
controls the gain of the Gain Controlled Amplifier. This volt-
age will vary from typically 3.4V at the highest gain to 4.5V
at the lowest gain. o

When the AGC circuit has not received an input signal for a
long time, the base current of the Darlington will discharge
the external Cagc to 3.4V. The amplifier will now be at its
highest gain. When a large 'signal comes in, the external
Cagc Will be charged up with 5-mA from T2 thereby reduc-
ing the gain of the amplifier. The formula, | = C X (dV/dt)
can be used to calculate the time required for the amplifier
to go from a-gain of 200 to a gain of 6. For instancs, if Cagc

= 0.01 pF, the charging current | is 5 mA, and the dV re-

quired for the amplifier to go through its gain range is 1.1V,
then

dt = (0.01 pF X 1.1V)/(5 mA) or 2.3 ps.
In reality, the gain does not change this quickly since the
Cagc would only be charging during a portion of the input
waveform.
By using the same argument, the time required to increase
the amplifier gain after the input has been suddenly reduced
can be calculated. This time, the discharging current is only
1 pA so

dt = (0.01 uF X 1.1V)/1 pA) or 11 ms.

This time can be decreased by placing an external resistor
across the Cagg. For instance, if a 100k resistor is placed in
parallel with Cagc, then the discharge current is 40 pA. The
time required to increase the amplifier gain is now 40 times
faster or 275 ps. If this external resistor is made even small-
er, say 10k, then the discharge time will go to 27.5 pus. Now
however, there is another problem introduced. The re-
sponse time of the AGC is so fast that it distorts the signal
at the output of the Gain Controlled Amplifier. Distortion of
the signal at the Amplifier Output can affect the time posi-
tion of the peaks of this signal. Be sure to check this distor-
tion over the range of input levels you expect to encounter,
when choosing the external R and C values for the AGC.

If the value of the bleed resistor across the Cagg is de-
creased (in order to equalize the AGC attack and decay
times) the value of Caogc must be increased in order to
maintain an AGC response that does not distort the signal.
There is a second order effect on the amplitude that results
from this attack and decay time equalization. Referring to
Figure 1, notice that the AGC is driven from a full wave
rectified version of the Channel Input signal. When the AGC
is operated normally (ie. fast attack and slow decay) the
voltage that appears across Cagg is the peak detected val-
ue of this full wave rectified waveform. However, if you
equalize the AGC attack and decay times the voltage

across Cagg is the RMS voltage (0.707 times the peak) of

the full wave rectified waveform. Thus, the voltage across
Cage is less and the amplitude out of the Gain Controlled
Amplifier will consequently be 1.4 times larger.

It is possible to externally drive the Cagc pin to control the
gain of the amplifier. When properly filtered, the peak detec-
tor output, Pin 24, can be used in this regard. It must be
noted that the gain of the amplifier is not always exactly 200
when the voltage on Cagc is 3.4V. The transfer curve be-
tween the gain of the amplifier and the voltage on Cagc is
only approximate. This transfer curve will vary between
parts and with temperature. Care should be taken to prevent
the voltage on the Cagc pin from going below ground

or above 5.5V. Figure 7 shows a typical curve of the Gain
Controlled Amplifier Gain vs. the voltage across Cagc (Vpin
14.)

g 3

VOLTAGE GAIN
g &

50 \
0 1N %
2.00 2.40 2.80 3.20 3.60 4.00 4.404.80
Vi (14VOLTS)

TL/F/8828-11
FIGURE 7. Gain Controlied Amplifier Gain vs. Vpin 14

It is possible to change the time constant of the AGC circuit
by switching in different external components at the desired
times. For instance, as shown in Figure 8, an external open
collector TTL gate and resistor can be added in parallel with
Cage to decrease the AGC response time. Similarly, an ex-
ternal capacitor could be switched in to increase the re-
sponse time. Since in the absence of an external resistor
the discharge time of Cagc is much longer than the attack
time there may be some applications where it is desirable to
switch in a parallel resistor to quickly discharge Cagc then
switch it out to force a quick attack. Because of the quick
attack time, the AGC obtains the proper level quicker than it
would had Cagc simply been allowed to discharge to the
new level.

There are some applications where it is desirable to hold the
AGC level for a period of time. This can be done by raising
the READ/WRITE pin. This will shut off the input circuitry,
and it will take time (about 2.5 ps) for the circuit to recover
when going back into the read mode.

The AGC must be disabled during the servo sector. This is
necessary in order to insure that the AGC does not respond
to the servo signal and adjust the signal amplitude to the
AGC threshold. The method of raising the READ/WRITE
pin voltage high will not work in this instance as the servo
circuitry uses the input amplifier.

Figure 9 shows a method to hold the AGC level while re-
maining in the read mode (which could be used in embed-
ded servo applications). If the voltage on VRgF is raised
above 2V, then the amplifier output voltage cannot get large
enough to turn on the circuitry to charge up Cagc. For this
to work properly, there cannot be a large discharge current
path (resistor in parallel with Cagc) across Cagc. The
scheme, as shown in Figure 9, removes the parallel resistor
when the gate output is high.

The AGC block can be bypassed altogether by connecting
VRer to 3V. In this way, the user can use his own AGC
circuit to drive the Cagc pin directly.

DP8468B
OPEN
COLLECTOR
PIN 14

%
TL/F/8828-12

FIGURE 8. Circuit to Decrease AGC Response Time
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O PIN #14

/J; -

TL/F/8828-13

HIGH LEVEL = HOLD

FIGURE 9. AGC Hold Circuit

READ/WRITE

In the normal read mode, the signal from the read/write
head amplifier is in the range of 20 mVpp to 660 mVpp.
However, when data is being written to the disk, the signal
coming into the analog input of the pulse detector will be on
the order of 600 mV. Such a large signal will disturb the
AGC level and would probably saturate the amplifier. In ad-
dition, if a different read/write amplifier is selected, there will
be a transient introduced because the offset of the pream-
plifiers are not matched. A READ/WRITE input pin has
been provided to minimize these effects to the pulse detec-
tor. This is a standard TTL input.

When the READ/WRITE pin is low, the pulse detector is in
the read mode. When the READ/WRITE pin is taken high,
three things happen. First, the 1k resistors across the AMP
IN pins are shunted by 4250 resistors, as described previ-
ously in the Gain Controlled Amplifier section. Next, the am-
plifier is squelched so there is no signal on the Amp Output.

Finally, the previous AGC level is held. This AGC hold func-
tion is accomplished by not allowing any current to charge
up the external Cagc. The voltage across this capacitor will
slowly reduce due to the bias current into the Darlington
(see Figure 6) or through any resistor placed in parallel with
Cagc. Therefore, as described in the Automatic Gain Con-
trol section, the gain of the amplifier will slowly increase. All
of these three events happen simultaneously.

When the READ/WRITE input is returned low, the pulse
detector will go back to the read mode in a specific se-
quence. First of all, the input impedance at the Amp In is
returned to 1k. Then, after approximately 1 us, the Gain
Controlled Amplifier is taken out of the squelch mode, and
finally approximately 1 ps after that, the AGC circuit is
turned back on. This return to the read mode is designed to
minimize analog transients in order to provide stable opera-
tion after 2.5 ps. It is very important that the analog input be
stable before the chip is returned to the read mode. It is
recommended that other than when writing, the Pulse De-
tector be in the read mode at all times in order to prevent
the 2.5 us delay from slowing up the system. The READ/
WRITE pin may be connected to the Write Gate output of a
controller (such as the DP8466 Disk Data Controller).

CHANNEL FILTER

The peak detection is performed by feeding the output of
the Gain Controlled Amplifier through an external filter to
the differentiator. The differentiator output changes state
when the input pulse changes direction, generally this will
be at the peaks. The differentiator can also respond to
noise near the baseline, in which case the comparator gat-
ing channel will inhibit the output. The purpose of the exter-
nal filter is to bandwidth limit the incoming signal for noise
considerations. Care must be used in the design of this filter
to ensure the delay is not a function of frequency. For this
reason, a high order Bessel filter with its constant group
delay characteristics can be used in this application. Often,
this filter must be specifically designed to correct errors in-
troduced by the non-ideal phase characteristics of the input
read head. The typcial —3 dB point for this filter is around
1.5 times the highest recorded frequency. The design of this
filter is complex and will not be discussed here. However,
the following discussion does give a fes! for some of the
considerations involved in the filter design. The reader is
referred to reference #3 listed at the end of the Applica-
tions Notes for further filter design information.

Figure 10 shows a typical Region 1 waveform where there is
no bit interaction. This waveform is primarily the sum of the
fundamental frequency and its 3rd harmonic (higher odd
harmonics are present when there is more shouldering).

If the filter is to preserve this wave shape (this would be the
case if no read/write head phase compensation were nec-
essary) then the phase relationship between the fundamen-
tal frequency and its harmonics must not be altered. Figure
71 shows the output when the 3rd harmonic has the proper
magnitude, but the phase relationship is not maintained.
The result is that the output waveform is not the same
shape as the input (in a severe case it may be almost unrec-
ognizable) and the time position of the peaks has been al-
tered.

One electrical parameter which describes how well a filter
will preserve a wave shape is called group delay. Group
delay is defined as the change in phase divided by the
change in frequency. If the group delay is constant over the
frequencies of interest, then the wave shape will be main-
tained. An MFM coded signal will contain three basic fre-
quency components for the various digital patterns of data.
For instance, a 10 Megabit/sec MFM signal will consist of
analog frequencies of 2.5 MHz, 3.33 MHz and 5 MHz. On
the outer track the bit density is the lowest and the 5 and
3.33 MHz signals will look sinusoidal while the 2.5 MHz sig-
nal will have a tendency to return to the baseline. This re-
turning to the baseline is called shouldering and is illustrated
in Figure 10. Since this shouldering is rich in 3rd harmonic—
the 2.5 MHz signal will have a strong 7.5 MHz component.
The 10 Megabit/sec MFM signal will therefore have
2.5 MHz, 3.33 MHz, 5 MHz, and 7.5 MHz components which
must be filtered with constant group delay in order to repro-
duce the original waveform. For example, if the phase shift
through the filter at 2.5 MHz is 33.3°, then at 3.33 MHz the
phase shift must be 44.3°, at 56 MHz—66.6°, and at

7.5 MHz—99.9°. The group delay % for this case is

13.32°/MHz. This can be better interpreted as a time delay.
33.3° of a 2.5 MHz signal is equivalent to (33.3/360) X
(1/2.5 MHz) or 37 ns. Similarly, 66.6° on a 5 MHz signal is
(66.6/360) X (1/5 MHz) = 37 ns.
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' TL/F/8828-14
FIGURE 10. Typical Region 1 Waveform

TL/F/8828-15
FIGURE 11. Reglon 1 Waveform with
the Incorrect Phase Relationship

The third order Bessel Filter as shown in the 10 Mbit/sec.
pulse pairing measurement board on the data sheet is de-
signed for a constant group delay and a —3 dB point of
7.5 MHz. At this frequency the delay through the filter is
35 ns. The Gain Controlled Amplifier of the DP8468 is de-
signed for a group delay of a 7.8 ns for frequencies up to
7.5 MHz. The 7.8 ns delay in the Gain Controlled Amplifier
and the 37 ns delay in the Bessel Filter do not introduce any
timing error, only a delay of 44.3 ns from the Amp Input to
the output of the filter.

DIFFERENTIATOR

A simplified circuit of the first stage of the differentiator is
shown in Figure 12. The voltages at V3 and V4 are simply
two diodes down from V1 and V2. Therefore the voltage
across the external differentiator network (Cq in series with
Rg) is the differential input voltage V1 — V2. When Ry is

zero, the current through Cq is | = C X (dV/dt) or Cq X
(dVin/dt). The Q2 collector current is the sum of the 1.8 mA
current source plus the current through Cq or
1.8 mA + Cq X (dViN/dt).
Similarly, the Q3 collector current is
1.8 mA — Cq X (dV|n/dt).
Therefore, the differentiator output voltage, V5 — V6, is
1.5k X 2 X Gg X (dV|n/dt).
The input is at a peak when V5 — V6 = 0V.
The differentiator network (Cq and Rg) should be selected
so the maximum current into the differentiator network is not
greater than the minimum current of 11 and |12 over tempera-
ture. In the electrical specifications, the minimum current is
specified for 1.4 mA (Icg Current into Pin 1 and 24 that
discharges Cg4). For example, the highest analog frequency
in a 10 Megabit/sec, MFM signal is 5 MHz. Since the AGC
loop has forced the input to the differentiator to 2 Vpp
(which includes the 6 dB loss of the filter), then the voltage
across the capacitor (assuming Ry is 0) is:
ViN=1Xsin(2 X 7 X 5E6 X t)
and
dVin/dt =1 X 2 X 7 X 5E6 X cos(2 X 7 X 5E6 X 1)
and the maximum slope is
(dVin/dt)max = 1 X 2 X 7 X 5E6 = 314E5 V/sec.
For this example, C4 can now be calculated. Since | = C X
(dv/dt), then for | = 1.4 mA, dV/dt = 314ES5, then the
maximum Cy must equal 45 pF. From this example, a follow-
ing simple design equation for the value of Cq4 can be de-
rived. :
Cy = 445/(VIN X fmax)
where
Cq is the maximum external differentiator capacitor in pF
Vin is the peak to peak differential Channel input voltage
fmax is the maximum analog frequency in MHz
Note that this is the maximum value for the capacitor when
the series resistor Ry is zero. The value of the capacitor can
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FIGURE 12. Simplified Differentiator First Stage
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be increased if a series resistor is used, but the maximum
current through the differentiator network must not exceed
1.4 mA. If too large a value for Cq is used, the delay through
the differentiator will become dependent on frequency. This
will not show up in a single frequency test such as a test for
pulse pairing.

For the MFM code, the maximum analog frequency is 1 the
data rate. For the 1/2(2,7) code, the maximum analog fre-
quency is /3 the data rate. The above sinusoidal analysis is
valid as long as the highest frequency on the outer track is
nearly sinusoidal. If, however, there is significant shoulder-
ing of this signal then the value of Cy should be reduced
accordingly.

The following table summarizes the value of Cy to use for a
2 Vp,, differential signal to the channel input.

Data Rate | Code | Maximum Frequency Cd
5 mbits/sec | MFM 2.5 MHz 90 pF
5 mbits/sec 2,7 1.6 MHz 140 pF
10 mbits/sec | MFM 5.0 MHz 45 pF
10 mbits/sec | 2,7 3.3 MHz 67 pF

As noted above, the value of the capacitor can be increased
if a series rasistor is used, but the maximum current through
the differentiator network must not exceed 1.4 mA.

A resistor is placed in series with Cq in order to bandlimit the
differentiator response. This resistor also has an effect on
the phase linearity of the differentiator. An ideal differentia-
tor produces an output that is 90 degree phase shifted from
the input regardless of the input frequency. The presence of
the series resistor produces an output phase shift that is
less than 90 degrees and changes with the input frequency.
This resistor can be used to correct for frequency related
phase problems encountered elsewhere in the read path.
To properly decode the information on the disk, the read
channel must determine if there is a peak (or a “1") during a
period of time called a detection window. The detection win-
dow for MFM and the (2,7) code is

1/(2 X data bit rate).

This detection window must accommodate errors in many
parts of the system including filters, data separator, and
peak shift variations in the data pattern. The pulse pairing of
the DP8468 should be included in the error budget calcula-
tion.

DIFFERENTIAL COMPARATOR WITH HYSTERESIS

The actual peak detection is done in the time channel with
the differentiator. Unfortunately, the differentiator not only
responds to signal peaks but also responds to noise at the
baseline. In order to prevent this noise from generating faise
data, the signal at the output of the Gain Controlled Amplifi-
er is also passed through a gating channel which prevents
any output change before the input signal has crossed an
established level. This gating channel comprises a differen-
tial comparator with hysteresis and a D flip-flop. The hyster-
esis for this comparator is set externally via the Set Hystere-
sis pin. The amount of hysteresis is twice the voltage on the
Set Hysteresis pin. For instancs, if the voltage on the Set
Hysteresis pin is 0.3V, the differential input signal must be
larger than 0.6V(+0.3V) before the output of the compara-
tor will change states. The 0.6V hysteresis represents 30%
of a typical 2V differential input signal level to the gating
channel. The hysteresis level is usually set between 15% to
40% of the differential input signal.

The operation of the gating channel is shown in Figure 13.
At the top is a typical Region 1 waveform which exhibits
shouldering on the lowest frequency and is almost sinusoi-
dal on the highest frequency. In this exampls, this waveform
is fed to both the timing and the gating channel. The hyster-
esis level (of about 25%) has been drawn on this waveform.
The second waveform is the output of the differentiator and
its bi-directional one shot. While there is a positive edge
pulse at each peak, there is also noise at the shoulders.
This waveform is the clock for the D flip-flop.

The third waveform in Figure 13 is the output of the Compar-
ator with Hysteresis which goes to the D input of the flip-
flop. The true peaks are the first positive edges of the differ-
entiator’s bi-directional one shot output which occur after
the output of the comparator has changed states. The D
flip-flop will “clock” in these valid peaks to the output bi-di-
rectional one shot. Therefore, the noise pulses (due to the

INPUT

OUTPUT OF DIFFERENTIATOR'S
BI-DIRECTIONAL
ONE SHOT

OUTPUT OF
DIFF COMPARATOR

WITH HYSTERESIS

889840

o1 1M1 1
ENCODED DATA J n " n n " "

FIGURE 13. Pulse Detector Operation for Region 1 Signals

TL/F/8828-17

3-39



DP8468B.

Application Information (continued)

differentiator responding to noise at the baseline) just
“clock” in the old data through the flip-flop and the output
does not change.

The Q output of the flip-flop drives the output bidirectional
one-shot which generates the positive edges corresponding
to the peaks. The width of the data pulses can be controlled
by an external capacitor from the Set Pulse Width pin to
ground. This pulse width can be adjusted from 20 ns to 1,
the period of the highest frequency. Typical values for this
capacitor are 20 pF for a 25 ns pulse width to 100 pF for a
100 ns pulse.

DYNAMIC HYSTERESIS

A dynamically changing hysteresis level (as a function of
signal level at the Channel Input pins) can easily be imple-
mented with the DP8468B. An amplified full wave rectified
peak detecting output, pin 24, is made available for this
function. A resistor capacitor network is connected from pin
24 to pin 23 as shown in Figure 14. The RC time constant
determines the rate at which the hysteresis level can dy-
namically change as a function of the signal level out of the
Gain Controlled Amplifier.

8v

/\

7.4V--,
[}QQ]““
v

*Veuan =2V PK=PK

This time constant can be made to be much faster than the
response time of the AGC of the Gain Controlled Amplifier.
In this manner the hysteresis level can maintain a nearly
constant percentage of the peak amplitude of the signal at
the Channel Input Pins.

The charge time of the pin 24 capacitor, Cppo, is set by the
pin 24 output resistor. R, (approx. 2700) and the capacitor
value. The discharge time is longer since the external bleed
resistor, Rp, across the pin 24 capacitor is much larger than
Ro. The charge time can be made longer by adding an ex-
ternal resistor in series with pin 24.

Figure 15 shows a plot of the hysteresis level obtained as a
function of the peak to peak differential channel input level,
pins 1 and 4, for the circuit shown in Figure 14. Note that
Vxyst does not go to zero when there is no signal at the
Channel Input. This is because pin 24 has a DC quiescent
output level of approximately .8V. Consequently, a 50% re-
duction in the Channel Input level results in a 36% reduction
in the hysteresis level in the linear region of Figure 15.
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FIGURE 14. Dynamic Hysteresis Circuitry
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Note: The circuit in Figure 74 was used to generate this curve.

FIGURE 15. Dynamic Hysteresis Operation

3-40




Application Information (continued)

EMBEDDED SERVO DETECTION SCHEMES

Figure 16 shows the two types of embedded servo patterns
the DP8468B is capable of detecting. By far the simplest
pattern to detect and to write onto the disk, is the Burst
Pattern. Two servo bursts are written on alternate half
tracks on the disk surface. These bursts are each generally
10 ps to 30 ps in duration.

When the read head is exactly centered between the two
half tracks, the amplitude of each servo burst will be equal
and one half the level that would be detected had the read
head been exactly centered over the servo burst. If, for ex-
ample, the read head is not centered but closer to the A
burst, then the detected amplitude of the A burst will be
proportionately larger than the detected amplitude of the B
burst. If the A and B signals are gated into separate peak
detectors then the levels of the A and B burst signals are
detected. Comparing the relative levels of the resulting DC
voltage yields a correction term for repositioning the read/
write head.

The two burst scheme is particularly easy to write on the
disk surface because the A and B patterns do not overlap.

Consequently, an inexpensive servo writer can be used to
lay down the servo pattern. The disadvantage of this two
burst approach is that because of the physical separation of
the A and B burst, an error term is introduced in the relative
amplitudes when this pattern is used to detect the head
position during a fast seek. For example if the head is mov-
ing across the A track in the direction of the B track, then by
the time the A burst is detected the head will have moved
closer to the B burst, resulting in an error term. This error
term may or may not be important depending on the appli-
cation.

This error term during a fast seek can be eliminated with the
‘Interlaced Tri-Bit Pattern’, also shown in Figure 16. This
pattern uses accurately positioned A and B pulses written
on alternate half tracks. When the read head is exactly cen-
tered between the two half tracks the recovered A and B
amplitudes will be exactly equal. If, for example, the read
head is positioned closer to the A half track, then the A
pulse will be proportionately larger than the B pulse. Be-
cause the A and B pulses are so close together in time, a
third negative going Sync pulse is required to synchronize

Burst Pattern
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FIGURE 16. Servo Patterns
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the gating of the A and B signals. Without the Sync pulse,
there would be no way to gate the A and B pulses into the
separate servo channels.

Because of the close proximity of the A and B pulses, the
seek error term is eliminated. The price that is paid for this is
high, however. Writing this servo pattern on the disk surface
requires an expensive and very accurate servo writer. Also,
external Sync detection circuitry must be added to the
DP8468B. The Channel Alignment Output can be used for
this purpose. Once the Sync pulse is detected then gating
signals must be generated to control the Gated Detectors
on the DP8468B.

GATED SERVO DETECTORS

Figure 17 is a simplified schematic of one of the gated de-
tectors. The gated detectors require TTL gating signals
which overlap the duration of the servo burst pattern. The
gated detectors are basically peak detectors, but by adding
a resistor in series with the peak detector capacitors, Cp1
and Cp2, filtering of the servo signal is accomplished. How-
ever, the RC time constant of this series combination should
be shorter than the length of the servo burst. This allows the
capacitor to fully charge up to the peak of the servo burst.
Consequently, the longer the servo burst is, the longer RC
time constant can be used and the less sensitive will be the
Peak Detectors to noise spikes.

A separate TTL input is provided to implement the dis-
charge of the peak detector capacitors. This discharge
drains the capacitors of the charge they acquired during the
previous servo sector. When discharge (pin 22) is high, ap-
proximately 1 kQ is connected through two diodes and 1
schottky diode from the peak detector pins, 18 and 19, to
ground. The discharge time will then depend on the RC time
constant of the sum of the external resistor + 1 kQ times
the external capacitor.

The gated detectors are placed in a hold mode (i.e., gated
off) when the gating pins 17 and 20 are high and pin 22 is
low. In this mode a small leakage current (less than 1 pA)
will slowly discharge the peak detector capacitors.

When centered on track, the channel input signal level from
the servo burst should equal 1V peak to peak differential.
Thus when on track, the servo burst is half the amplitude of
the channel input signal in the data field. The channel filter
should not be designed to increase the amplitude of the
servo signal. The DP8468B has a built in amplifier that will
boost the signal level. This amplifier saturates when the
channel input signal exceeds 2V peak to peak differential.
All that happens if this amplifier saturates is that the recov-
ered DC level at the buffer outputs will not linearly track the
amplitude of the channel input signal.

The output of the gated detectors drive two high input im-
pedance unity gain buffers which provide a level shifted low
impedance output voltage representation of the voltage
across the peak detector capacitors. A simplified schematic
of one of the buffers is shown in Figure 78. Though the
output buffers do some level shifting, they do not level shift
all the way down to a ground reference. In fact the minimum
output voltage from the output buffers is approximately 1.2V
for Vpin21 = 5V.

This minimum output voltage is designed to be a constant
percentage of the 5V input level at pin 21 independent of
temperature. This minimum output level is important when
calculating an error correction term using the expression
(A — B)/(A + B) where A and B represent the amplitudes
of the servo burst signals. Since the A and B voltages at the
buffer outputs do not go to zero, an additional term, C, must
be accounted for. The modified expression then becomes:

error = (A — B)/(A + B — 20)
where C = minimum output level of each buffer.

FULL ) 300 uA
WAVE
RECTIFIER
BUFFER
5V our
800 uA o{ OPIN#15 OR PIN#16
PIN#17 PIN#18 QO LP
OR #20 OR §|9
15k
DISCHARGE
O PIN#22
L.
:: 15k
777

TL/F/8828-22

FIGURE 17. Gated Detector
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FIGURE 18. Buffer

If C is not accounted for, a gain error will result. As men-
tioned above, C is designed to be a constant percentage of
the voltage applied to pin 21, independent of temperature.
Thus,

C = K= Vpin 21
where K = a constant (approx. = 0.22).

Therefore, C will represent a constant number of bits in a
system that digitizes the buffer outputs and uses the voltage
applied to Vpin21 as an ADC (analog to digital converter)
reference.

BUFFER OUTPUTS USED WITH ADC

The output voltage levels from the buffer have been specifi-
cally designed to allow them to be directly connected to a
muxed A to D converter. Some muxed ADC's allow for a
reduced span by tying one of the inputs to a level that will
represent all 0’s when converted. This can be accomplished
with the above scheme by tying the ADC input to a resistor
voltage divider from pin 21 to ground with the ratio of the
resistors given by:

[R1/(R1 + R2)] =K
With this technique, the full resolution of the ADC can be
utilized. The span of the voltage at the buffer outputs be-
tween minimum and maximum detected signals is approxi-
mately 3.5V. Because of this large voltage span at the buff-
er outputs, it may not be necessary to use the above re-
duced span technique. The 3.5V span allows for better than
7 bits of ADC resolution when digitizing with an 8-bit ADC
between 0V and the ADC reference (which should be tied to
pin 21).
The output buffers have been designed so that their output
levels never exceed the voltage on pin 21. Thus the user
need not be concerned that the buffer outputs will exceed
the maximum allowed input voltage to the ADC.

The buffers are capable of sourcing up to 3 mA of current
and can sink about 300 pA. This sink current can be in-
creased by adding an external pull down resistor from the
buffer outputs to ground.

DIFFERENCE AMPLIFIER USE WITH AN ADC

Though muxed ADCs are very common today and often
available as part of a microprocessor, there may be some
users who do not have muxed inputs. The DP8468B can still
be used in these applications by using the difference ampli-
fier output.

A simplified schematic of the difference amplifier is shown in
Figure 19. When the voltage at the buffer outputs are equal
(i.e., on track center) the voltage at the difference amplifier
output will equal the voltage on pin 21. The DC transfer
function for the difference amplifier output is given below
and plotted in Figure 20:

Vout = (1/2) [A — B] + Vpin 21

Using the above equation the maximum and minimum volt-
age for Voyt can be calculated. They are:

Vout max. = (1/2) ([(2 « 1.75) + 1.2] — 1.2) + 5 = 6.75V
Voyt min. = (1/2) (1.2 — [(2» 1.75] + 1.2)] + 5 = 3.25V
Since most ADCs can only digitize voltages below 5V, the
difference amplifier's output must some how be level shifted
down. The easiest way to accomplish this is to use a resis-
tor voltage divider from the difference amplifier output to
ground. In this case a divider ratio of 5/6.75 is required to
insure that the center of the divider never goes above 5V.
For a symetric span about the on channel voitage (on chan-
nel voltage = (5/6.75)*5V = 3.704V) the total output span
will now be 2.592V. This is a large enough span to still allow
for greater than 7 bits of accuracy from an 8-bit ADC.

The above technique is only valid if the AGC has been al-
lowed to settle to a known and constant level prior to the
servo sector. Also the AGC must be put into a hold mode
during the servo sector. If the AGC is allowed to adjust the
signal levels to a known and constant level prior to the ser-
vo sector then the (A + B — 2C) denominator term is a
constant independent of the track. Consequently, this term
can be neglected from the gain error calculation and only
the one difference output need be digitized.
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The output stage of the difference amplifier is capable of
sourcing about 3 mA of current and can sink about 500 pA.
The sink current can be increased by adding an external
resistor from the DA output, pin 25, to ground.

DIFFERENCE AMPLIFIER OUTPUT USED IN A LINEAR
FEEDBACK SYSTEM

The difference amplifier provides an accurate difference be-
tween the two servo detector voltages. However, this differ-
ence is only an accurate representation of the positioning
error after both servo channels have been updated. Conse-
quently, the difference output is meaningless during the ser-
vo sector and only accurate after the servo sector. A linear
system that is providing positioning feedback based on the
output from the difference amplifier, will probably require an

external sample and hold at the difference amplifier output
in order to prevent a false correction during the servo sec-
tor. A sample would then be taken after the servo sector
when both detectors are gated off.
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DP8461/65 Data Separator

DP8451/55 Data Synchronizer

General Description

DP8461/65

The DP8461/65 Data Separators are designed for applica-
tions in disk drive memory systems, and depending on sys-
tem requirements, may be located either in the drive or in
the controller. They receive digital pulses from a pulse de-
tector circuit (such as the DP8464 Disk Pulse Detector) if
situated in the drive, or from an ST506 type interface if situ-
ated in the controller. After locking on to the frequency of
these input pulses, they separate them into synchronized
data and clock signals. While in the non-read mode, both of
these circuits employ a phase-frequency comparator to
keep the VCO locked to the 2F input (this signal may be
derived from a crystal or a servo track). The DP8465
switches to a phase only comparator when the read mode is
entered. The DP8461 continues to use a phase-frequency
comparator until the preamble detection circuit has detect-
ed two bytes of preamble. This feature thus restricts the
DP8461 to use with codes employing the 1010 ... pream-
ble. MFM, and certain RLL Codes such as 1,7 and 1,8 em-
ploy such a preamble. If a Run Length Limited code is used
or if the user wishes to do his own data separation, the
synchronized data output is available to allow external cir-
cuitry to perform the data decoding function.

All of the digital input and output signals are TTL compatible
and only a single +5V supply is required. The chip is
housed in a narrow 24-pin dual-in-line package (DIP) and is
fabricated using Advanced Schottky bipolar analog and digi-
tal circuitry. This high speed I.C. process allows the chip to
work with data rates up to 20 Mbit/sec. There are two ver-
sions of the chip, each having a different decode window
error specification. These two versions (—3, —4) are de-
signed to operate from 2 to 20 Mbit/sec and are tested for
their respective window tolerances, as specified in the Elec-
trical Characteristics Table.

The DP8461/65 feature a phase-lock-loop (PLL) consisting
of a phase-frequency comparator, pulse gate (to allow for
phase-only operation in the read mode), charge pump, buff-
ering amplifier, and voltage-controlled-oscillator (VCO). Pins
are provided for the user to select the values of the external
filtering components required for the VCO, and two current
setting resistors for the charge pump. The DP8461/65 have
been designed to be capable of locking onto the incoming
preamble data pattern within the first two bytes, using an
available high rate of charge pump current. Once lock-on
has been achieved, the charge pump can be switched to a

lower rate (both rates being determined by the external re-
sistors) to improve bit-jitter immunity for the remainder of
the read operation. At this time the READ CLOCK OUTPUT
switches, without glitching, from half the 2F-CLOCK fre-
quency to half the VCO CLOCK frequency. After lock-on,
with soft sectored disks, the MISSING CLOCK DETECTED
output indicates when a missing clock occurs so the control-
ler can align byte boundaries to begin deserialization of the
incoming data.

DP8451/55

The DP8451/55 perform the same data synchronization
function of the DP8461/65 with no MFM related circuitry. As
with the DP8461, the DP8451 continues in the phase-fre-
quency comparison mode until two bytes of preamble are
detected. The DP8451/55, which are packaged in 20 pin
DIPs or 20-pin PCC’s, exclude the READ CLOCK generating
circuitry along with the MFM Decoder, Missing Clock Detec-
tor, and Read Enable Delay. Users who require only the
SYNCHRONIZED DATA OUTPUT and VCO CLOCK OUT-
PUT can use the DP8451/55 as alternatives to the
DP8461/65.

Features

m Operates at data rates up to 20 Mbit/sec

m Phase-Frequency comparison in non-read mode

m Phase-Frequency comparison in preamble—DP8461/51
m Separates MFM data into read clock and serial NRZ
data (DP8461/65)

4 byte preamble-lock indication capability

Preamble recognition of MFM encoded “0"s or “1”s
User-determined PLL loop filter network

PLL charge pump has two user-determined tracking
rates

External control of track rate switchover

No glitch on READ CLOCK at switchover (DP8461/65)
Synchronized data provided as an output (for RLL
codes) (all four devices)

ORed phase comparator outputs for monitoring bit-shift
Missing clock detected for soft sectored disks

Less then 1,W power consumptioﬁ

Standard narrow 24-pin DIP or 28 pin Plastic Chip Car-
rier Package

Single +5V supply

6G/15v8d0/59/1998dA
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Simplified Block and Connection Diagrams

EXTERNAL COMPONENTS
o PHASE COMPARATOR
I > TEST
ENCODED veo
[ S—— \ — > cLock
/ —>]  PHASE-LOCKED-LOOP > \
> READ®
> .
+2 - - T R /' CLOCK
A >
2-CLOCK o SYNCHRONIZED
” DATA
.
L o] . ::Tzkmn
A MFM DECODER
AND MISSING
CLOCK DETECTOR MISSING®
READ READ ENABLE/ —: jen— locx "
—) LOCK DETECT ETECTE!
GATE CONTROLS
- LOCK
" DETECTED
DELAY*® “ZERDES/  SETPLL LOCK
DISABLE ONES
PREAMBLE
*Available only on DP8461/65 TL/F/8445-1
DP8461/65 DP8451/55
Dual-In-Line Package Dual-In-Line Package
Pz — 1 U uw iz =1t T 20— v,
sy — 2 28— oy Bger —{2 19 }— pot
Rggr =13 18}— P63
Ihser —3 e CPour —4 17— 2r-crock
Crour —1 4 21 [ 21-CLOCK C1 =45 16 p=— ENCODED DATA
e1—]s 20| Encooen oara c2 —46 15 |— SET PLL LOCK
RVCO —47 14— READ GATE
o 19 [ READ CLOCK vco cLock —|8 13 }— LOCK DETECTED
AVC0—{7 18 }— SETPICTOCK PHASE COMP TEST——]9 12 |— SYNCHRONIZED DATA
veo cLock—| s B I GND —] 10 11— (UNASSIGNED)
PHASE COMP TEST —] 9 16 F READ GATE Top View TL/F/8445-3
ZEROES /GNES PREAMBLE — 10 15 |— CoTRDETECTED Order Number DP8451/55N
. ‘See NS Package Number N20A
MISSING CLOCK DETECTED —nf 11 14 === NRZ READ DATA : .
GND == 12 13 j== SYNCHRONIZED DATA
Top View. TL/F/8445-2

Order Number DP8461/65J or N
See NS Package Number J24F or N24C

4-4




Pin Descriptions*
Power Supply
24 Vgg +5V £5%
12 Ground
TTL Level Logic Inputs

16 READ GATE: This is an active high input signal that sets
the DP8461/65 Data Separator into the Read Mode.

17 DELAY DISABLE: This input determines the delay from
READ GATE doing high to the time the DP8461/65 enters
the Read Mode. If DELAY DISABLE is set high, this delay is
within one cycle of the Vgo-CLOCK signal. If DELAY DIS-
ABLE is set low, the delay is thirty two-cycles of the VCO
CLOCK, as shown in Figure 1.

18 SET PLL LOCK: This input allows the user to control the
on-chip PLL track rate. A high level at this input results in
the PLL being in the high track rate. If this input is connect-
ed to the LOCK DETECTED output, the PLL will go into the
low track rate mode immediately after lock is detected. A
low level on this pin is also used to enable the MFM Decod-
er, the Missing Clock Detector, and to switch the Read
Clock Multiplexer from half-2F-CLOCK to half-VCO.
10 ZEROES/ONES PREAMBLE: A high level on this input
enables the MFM Decoder circuit to recognize an All Zeros
data preamble. A low level results in the recognition of an
All Ones data preamble.
20 ENCODED DATA: This input is connected to the output
of the head amplifier/pulse-detecting network located in the
disk drive. Each positive edge of the ENCODED DATA
waveform identifies a change of flux on the disk. In the case
of MFM encoded data, the input will be raw MFM.
21 2f-CLOCK: This is a system clock input, which is either a
signal generated from the servo track (for systems utilizing
servo tracks), or a signal buffered from a crystal. 2f CLOCK
MUST ALWAYS BE APPLIED TO THIS INPUT FOR PROP-
ER OPERATION.

TTL Level Logic Outputs
8 VCO CLOCK: This is the output of the on-chip VCO,
transmitted from an Advanced Schottky-TTL buffer. It is
synchronized to the MFM data output.
15 LOCK DETECTED: This output goes active low only af-
ter both PLL Lock has occurred and 16 pulses of the pream-

ble pattern have been recognized. It remains low until READ
GATE goes inactive.
14 NRZ READ DATA: This is the NRZ (decoded MFM) data
output, whose leading edges coincide with the trailing edge
of READ CLOCK.
13 SYNCHRONIZED DATA: This output is the same encod-
ed data that is input to the chip, but is synchronous with the
negative edge of the VCO CLOCK.
11 MISSING CLOCK DETECTED: When an MFM missing
clock is detected, this output will be a single pulse (of width
equal to one cycle of READ CLOCK) occurring as shown in
Figure 2.
19 READ CLOCK: This is half VCO CLOCK frequency when
SET PLL LOCK is low; it is half 2f-CLOCK frequency at all
other times. A deglitcher is utilized to ensure that no short
clock periods occur during either switchover.
9 PHASE COMP TEST: This output is the logical “OR” of
the Phase Comparator outputs, and may be used as a bit-
shift indicator on for PLL analysis purpose.

Analog Signals
23, 22, PG1, PG3: The external capacitors and resistor of
the Pulse Gate filter are connected to these pins. PG1
should be connected directly to the ground pin, pin 12.
1 PG2: This is the Pulse Gate current supply.
3 IRSET: The current into the rate set pin (Vge/RRATE) is
used to set the charge pump output current for the low
tracking rate.
2 IBSET: The current into the boost set pin (Vge/RBoosT)
is used to set the amount by which the charge pump current
is increased for the high tracking rate. (input = IRATE Set
+ IgoosT Set).
4 CPOUT: CHARGE PUMP OUT/BUFFER AMP IN is avail-
able for connection of external filter components for the
phase-lock-loop. In addition to being the charge pump out-
put node, this pin is also the noninverting input to the Buffer
Amplifier.
7 RVCO: The current at this pin determines the operating
currents within the VCO.
5, 6 VCO C1, C2: An external capacitor connected be-
tween these pins sets the nominal VCO frequency.

*Pin Number Designations apply only to the DP8461/65. See Connection Diagram for DP8451/55.

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Output Voltages ™
contact the National Semiconductor Sales Office/ Input Current
Distributors for availability and specifications. (CPOUT, IRSET, IBSET, RVCO) 2mA
Supply Voltage o M Storage Temperature —65°C to 150°C
TTL Inputs v
Operating Conditions
Symbol Parameter Conditions Min Typ Max Units
Vee Supply Voltage 4.75 5.00 5.25 \'
TA Ambient Temperature 0 25 70 °C
IdH High Logic Level Output Current VCO Clock —2000 RA
Others —400
loL Low Logic Level Output Current VCO Clock 20 mA
Others 8
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DP8461/65/DP8451/55

Operating Conditions (Continued)

Symbol Parameter Conditions Min Typ Max Units
fDATA Input Data Rate 2.0 20 Mbit/sec
twek Width of 2f-CLOCK, High or Low 10 ns
tweD Width of ENCODED HIGH 5ns + 0.10t ns -

DATA Pulse, (Note 2) LOW 0.4t
ViH High Logic Level Input Voltage 2 \
ViL Low Logic Level Input Voltage 0.8 \
tseTUP Min. Amount of Time Which a 20 ns
(READ Gate) Positive Edge of READ Gate
Must Precede a Negative Edge
of a VCO (Pin 8)
tHoLD Min. Time Required for a 10 ns
(READ Gate) Positive Edge of a READ Gate
to be Held after a Negative
Edge of a VCO (Pin 8)
DC Electrical Characteristics over Recommended Operating Temperature Range
Symbol Parameter Conditions Min Typ Max Units
Vic Input Clamp Vce = Min,, -1.5 \
Voltage = —18mA
VoH High Level Output | Vcc = Min., Vcc—2V Vec—1.6V \
Voltage loy = Max.
VoL Low Level Output | Vgc = Min., ‘0.5 v
Voltage loL = Max.
IiH High Level Input | Vo = Max., 20 RA
Current V=27V
M Low Level Input Vce = Max,, —200 nA
Current. V| = 0.4V
lo Output Drive Vee = Max,, -12 -110 mA
Current (Note 1) Vo = 2.125V :
Icc Supply Current Vce = Max. 100 mA
lout Charge Pump 500 pA < IggeT + | ltyp — .18 (g + Ig) | 1.95 (IrseT + IBSET) | ITvyp + .18 (g + Ig)
Output Current IBSET < 2000 pA — 30 pA — 70 pA + 30 pA pA
200 pA < IgseT + | Ityp —.08 (g + Ig) | 1.95 (IrseT + IBSET) | Ityp + .08 (IR + i)
IgseT < 500 pA — 80 nA — 70 pA + 80 pA
Note 1: This value has been chosen to produce a current that closely approximates one-half of the true short-circuit output current. lgg.
Note 2: tis defined as the period of the encoded MFM data, or two times the VCO period. ’
AC Electrical Characteristics over Recommended Vi and Operating Temperature Range.
(All Parts unless stated otherwise) (tr = tr = 2.0ns, V) = 3.0V, V)L = 0V)
Symbol Parameter Min Typ Max Units
4 Positive READ CLOCK transitions from READ GATE set active 16 17 _
READ until PLL Lock sequence begins (DELAY DISABLE low)
N Positive READ CLOCK transitions from READ GATE set active 1 1 _
READ until PLL Lock sequence begins (DELAY DISABLE high)
Number of READ CLOCK cycles required to output
'DECODE NRZ each decoded MFM data bit (Note 3, 4) 2 8 | Teelock
t Positive READ CLOCK transitions required to transmit 1 2 3 _
TRANSMIT MFM input MFM to output

Note: For Further Information Refer to Application Notes AN-414, AN-415, and AN-416.
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o
AC Electrical Characteristics over Recommended Ve and Operating Temperature Range. (Continued) §
(All Parts unless stated otherwise) (tr = tg = 2.0ns, Vi = 3.0V, V)L = 0V) gz
Symbol Parameter Min Typ Max Units B
4 Number of READ CLOCK cycles after READ GATE 2 T-clock Q
READ ABORT set low to read operation abort g
4 Variance of center of decode window from nominal DP84XX-3 6 ns g
WINDOW (Note 7) DP84XX-4 10 o
GLINEARITY Phase range for charge pump output linearity (Note 2) -~ +r Radians a
K. Phase Comparator—Charge Pump gain constant (Note 5) 1.78Vge Amps/rad <
(N = fvco/finpuT DATA, 2 < N < 4 for MFM) N2mR P
VCONTROL Charge pump output voltage swing from nominal +100 mV
Kvco (=AXKjz) | VCO gain constant (wyco = VCO center frequencyinrad/s) | 1-20wc | 1.40wc | 1.60wg rad/sec. V
(Note 1, 6) VBE VBE VBE )
fvco VCO center frequency variation over temperature and Voo -5 +5 %
fMAX VCO VCO maximum frequency 60 MHz
Time READ CLOCK is held low during changeover 4
tHOLD after lock detection has occurred (Note 3) 1" T-clock
tPHL Prop. Delay. VCO Neg. Edge to Synchronized Data Neg. Edge 15 30 ns
Prop. Delay. VCO Negative Edge to
teLH Synchronized Data Positive Edge 10 25 ns
Delay from 2F positive edge to READ CLOCK positive on
t 10 35 ns
2F/RC negative edge (SET PLL LOCK high)
Note 1: A sample calculation of frequency variation vs. control voltage: Viy = £0.1V;
K - wOUT _ Odac _ 2.0ug (rad/sec)
VO T Ty 0av V. (volf)
Note 2: —m to +m with respect to 2f VCO CLOCK
Note 3: T-clock Is defined as the time required for one period of the READ CLOCK to occur.
Note 4: This number remains fixed after PLL Lock occurs.
Note 5: With respect to VCO CLOCK; lpymp out = 1.9 IseT
IseT = Yot
Rser
Note 6: Although specified as the VCO gain constant, this is the gain from the Buffer Amplifier input to the VCO output.
Note 7: This specification is guaranteed only for the conditions under which the parts were tested. H , significant 1 from the f la is not expected

for other data rates and filters. The filter values below were chosen for operation in an automatic test system (static window) environment. Different criteria may
apply for choosing filter values in a disk system. See Loop Filter section for sample calculations of other filter values.

Static Window Margin Test Loop Filter Component Values

Part Type Data Rate Tested Cq C2 Ry RRATE RBoosT
DP8451/55/61/65-4 5 Mbit/Sec 0.02 uF 150 pF 2000 7500 1.6 kQ
DP8451/55/61/65-3 10 Mbit/Sec .082 uF 1600 pF 270 8200 61941

External Component Selection (ai Parts) (Note 1)
Symbol Component Min Typ Max Units
Rvco VCO Frequency Setting Resistor (Note 2) 990 1010 1)
Cvco VCO Frequency Setting Capacitor (Note 3, 4) 20 245 pF
RRATE Charge Pump IgaTe Set Resistor (Note 6) 0.4 4.0 kQ
RBoosT Charge Pump (High Rate) IgposT Resistor (Note 6) 0.5 © kQ
Cr IraTE Bypass Capacitor (Note 5) .01 wF
Cs IBoosT Bypass Capacitor (Note 5) .01 uF

Note 1: External component values for the Loop Filter and Pulse Gate are shown in tables 1 & 2.

Note 2: A 1% Component Tolerance is Required.

Note 3: These MIN and MAX values correspond to the MAX and MIN data rates respectively.

Note 4: The Component Tol is system dependent on how much center frequency deviation can be tolerated.

Note 5: Component Tolerance 15%.

Note 6: The minimum value of the parallel combination of RRaTe and RgopsT is 3500.
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Note 1: Not included on the DP8451/55.

Cp, Dp = preamble clock and preamble data bits respectively. .

L = Number of 2f-clock cycles required for VCO to lock, d by loop filter values

At 32 + L, VCO has just locked.

At 64 + L, circuit has confirmed lock (has been in lock for 16 MFM clock bits). This sequence shows the MFM all-zeros preamble pattern.
For DP8451/55 delay disable does not exist and part functions as if this input is always high.

FIGURE 1. Lock-on Sequence Waveform Diagram

TL/F/8445-4
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* READ CLOCK and NRZ READ DATA may be delayed by one VCO clock period depending on the phase of the internal clock at activation of READ GATE input.

© MISSING CLOCK DETECTED is one READ CLOCK period ahead of the chip issuing D8 on the NRZ READ DATA output when READ CLOCK is delayed by one VCO clock period.
@ MISSING CLOCK DETECTED is synchronous with the chip issuing D8 on the NRZ READ DATA Output when READ CLOCK is not delayed.

@ Not included on the DP8451/55.

® The Al byte is shown only as an example address mark byte. Any missing clock bit which is framed by two existing clock bits will pi

TL/F/8445-5

a clock di d pulse.

FIGURE 2. Missing Clock Detection Waveform Diagram
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* READ CLOCK and NRZ READ DATA may be delayed by one VCO clock period with respect to Synchronized Data depending on the phase of the internal clock at activation of READ GATE input.

Note 1: Not included on the DP8451/55.

TL/F/8445-6

FIGURE 3. Locked-On Waveform Diagram
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* L indicates the number of cycles required for the VCO to lock to the 2f-CLOCK.
Note 1: READ GATE going low will always result in NRZ READ DATA going low regardiess of the state of the last bit.

Note 2: Not included on the DP8451/55.

FIGURE 4. Lock-Ending Sequence Waveform Diagram
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Circuit Operation

When the READ GATE input goes high, the DP8461/65 will
enter the read mode after a period determined by the state
of the DELAY DISABLE pin. This may be either one or thirty
two VCO CLOCK cycles. Once in the read mode the
DP8465 switches from using a phase-frequency comparator
to a phase-only comparator, i.e. the pulse gate is activitated.
At this time, however, the DP8461 continues to use a
phase-frequency comparator. Referring to Figure 1, as the
read mode is entered, the phase-locked-loop reference sig-
nal is switched from 2F-CLOCK INPUT to the ENCODED
DATA. The PLL, initially in the high-tracking rate mode, then
attempts to lock onto the incoming encoded data stream.
As soon as two bytes of the selected preamble are detect-
ed, (the selection is determined by the ZEROES/ONES
PREAMBLE pin) the LOCK DETECTED OUTPUT goes low.
At this time the DP8461 switches from using a phase-fre-
quency comparator to using the pulse gate, thus beginning
phase only comparisons. In a typical MFM disk drive appli-
cation, the LOCK DETECTED OUTPUT is directly connect-
ed to the SET PLL LOCK INPUT. With this connection, track
rate selection, clock output switchover, and data output en-
abling will occur after two consecutive preamble bytes have
been detected by the chip. Typically it takes less than one
byte time for the VCO to lock to the data sufficiently for
preamble detection to begin following the start of the Read
operation.

A low level on the SET PLL LOCK causes the PLL Charge
Pump to switch from the high to low tracking rate. At the
same time, the source of the READ CLOCK signal is
switched from half the frequency of the 2F-CLOCK to half
the VCO CLOCK. The MFM decoder also becomes enabled
and begins to output decoded NRZ data. If a zeroes data
preamble is present, the NRZ READ DATA OUTPUT will
remain low until the end of the preamble. It will then output
whatever NRZ data is present after the preamble field has
ended, as shown in Figures 2 and 3.

When the READ GATE goes low, signifying the end of a
read operation, the DP8461/65 will return to phase-frequen-
cy comparator operation. Figure 4 shows the sequence
when READ GATE goes low. The PLL reference signal is
switched back to half the 2F-CLOCK and the LOCK DE-
TECTED OUTPUT (and therefore the SET PLL LOCK IN-
PUT) goes high. The PLL then returns to the high track rate,
and the output signals return to their initial conditions. The
2F-CLOCK MUST BE APPLIED AT ALL TIMES to the
DP8461/65 and DP8451/55 for proper operation.

Since the DP8461/51 employs a phase-frequency compar-
ator until two bytes of the preamble (actually any 16 pulses
within a 1010.. . . pattern) have been detected, care must be
taken to ensure that when using this circuit the READ GATE
is applied only within a field containing the 1010 . . . pattern.
In soft sectored drives the head may be positioned any-
where on the track when initiating a read operation. There-
fore, either a controller which only issues READ GATE
when a high frequency synchronization field is present, or a
simple external circuit between the controller and
DP8461/51 to qualify the READ GATE, must be used.

CIRCUIT DESCRIPTION

1. Read Enable and Delay (DP8461/65 only): If the DELAY
DISABLE input is connected low, then thirty two VCO
CLOCK cycles after READ GATE goes active, the
DP8461/65 will go into the read mode. If the DELAY DIS-

ABLE input is connected high, the chip will go into the read
mode one VCO CLOCK cycle after READ GATE goes ac-
tive. (The 32 cycle delay is permanently disabled in the
DP8451/55).

2. Pulse Gate, including Multiplexer and Data Synchronizer:
The Input Multiplexer selects the input to the phase-lock-
loop. While the chip is in the bypassed (non-read) mode, the
VCO frequency is phase and frequency locked to the 2F-
CLOCK INPUT frequency. In the read mode the Input Multi-
plexer switches to the ENCODED DATA signal and the VCO
CLOCK then begins to synchronize with the ENCODED
DATA signal. Also, as soon as the read mode is entered, the
DP8455/65 cease phase and frequency comparisons by
employing the Pulse Gate.

In the DP8461/51 option, switchover from the phase-fre-
quency comparator to the pulse gate (phase-only compara-
tor) occurs after two bytes of the 1010 ... pattern have
been detected by the preamble pattern detector.

The Pulse Gate allows a reference pulse from the VCO into
the Phase Comparator only after an ENCODED DATA bit
has arrived. It utilizes a scheme which delays the incoming
data by one-half the period of the 2F-CLOCK. This optimiz-
es the position of the decode window and allows input jitter
of approximately half the 2F-CLOCK period. The decode
window error can be determined from the specification in
the Electrical Characteristics Table.

3. Phase Comparator: The Phase Comparator receives its
inputs from the Pulse Gate, and is edge-triggered from
these inputs to provide charge-up and charge-down out-
puts.

4. Charge Pump: The high speed charge pump consists of a
switchable constant current source and sink. The charge
pump constant current is set by connecting external resis-
tors to Vg from the charge current rate set (IRSET) and
current boost set (IBSET) pins. Before lock is indicated, the
PLL is in the high tracking rate and the parallel combination
of the resistors determines the current. In the low tracking
rate after lock-on, only the IRSET resistor determines the
charge pump current. The output of the charge pump sub-
sequently feeds into external filter components and the
Buffer Amplifier.

5. Buffer Amplifier: The input of the Buffer Amplifier is con-
nected to the charge pump’s constant current source/sink
output as well as the external Loop Filter components. The
Buffer Amplifier is configured as a high input impedance am-
plifier which allows for the connection of external PLL filter
components to the Charge Pump output pin CPOUT. The
output of the Buffer Amplifier is internally connected to the
VCO control input.

6. VCO: The Voltage-Controlled-Oscillator requires a resis-
tor from the RVCO pin to ground and a capacitor between
pins C1 and C2, to set the center frequency. The VCO fre-
quency can be varied from nominal by approximately
+20%, as determined by its control input voltage.

7. PLL Lock-on/Preamble Pattern Detector: To recognize
preamble, the preamble pattern from the disk must consist
exclusively of either MFM data bit zeroes (encoded into
..10.. MFM clock pulses) when the ZEROES/ONES PRE-
AMBLE pin is set high, or MFM data bit ones (encoded into
..01.. MFM pulses) when set low (DP8461/65 only). The
preamble pattern must be long enough to allow the PLL to
lock, and subsequently for the Preamble Pattern Detector
circuit to detect two complete bytes.

Once the chip is in the read mode, the VCO proceeds to
lock on to the incoming data stream. The Preamble Pattern
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DP8461/65/DP8451/55

Circuit Operation (continued)

Detector then searches for a continuous pattern of 16 con-
secutive pulses at one-half the VCO frequency to indicate
lock has been achieved.

The LOCK DETECTED output then goes low. At this time, in
the DP8461/51 option, the PLL switches from using a
phase-frequency comparator to employing a pulse gate and
thus doing only phase comparisons. Any deviation from the
above-mentioned one-zero pattern at any time before PLL
Lock is detected will reset the PLL Lock Detector. The lock
detection procedure will then start again.

8. MFM Decoder (DP8461/65 only): The MFM Decoder re-
ceives synchronized MFM data from the Pulse Gate and
converts it to NRZ READ DATA. For run-length-limited
codes the MFM Decoder and Missing Clock Detector will
not be used.

9. Missing Clock Detector (DP8461/65 only): This block is
only required for soft-sectored drives, and is used to detect
a missing clock violation of the MFM pattern. The missing
clock is inserted when writing to soft-sectored disks to indi-
cate the location of the Address Mark in both the ID and the
Data fields of each sector. Once PLL Lock has been indicat-
ed, the Missing Clock Detector circuit is enabled. MISSING
CLOCK DETECTED will go active if at any time the incom-
ing data pattern contains one suppressed clock bit framed
by two adjacent clock bits. (This condition is not constrained
to any particular byte pattern such as “A1.”) The output
signal goes high for one cycle of READ CLOCK.

10. Clock Multiplexer and Deglitcher (DP8461/65 only):
When the SET PLL LOCK input changes state this circuit
switches the source of the READ CLOCK signal between
the half 2f-CLOCK frequency and the half VCO CLOCK fre-
quency. A deglitcher circuit is utilized to ensure that no short
clock periods occur during either switchover.

BIT JITTER TOLERANCE

The spec, t-window, as defined in the AC Electrical Charac-
teristics table, describes the distance from the optimum win-
dow boundary a single shifted data bit may be placed (fol-
lowing complete PLL lock and stabilization) before it risks

being interpreted as residing in the adjacent synchronization
window. This is known as the static window measure-
ment, which combines all contributing factors of window jit-
ter and displacement within the data separator into a single
specification.

The two options of the DP8451/55/61/65, the —4 and —3
offer decreasing static window errors (respectively) so that
the parts may be selected for different data rates (up to 20
Mbit/sec). The —4 part will be used in most low data rate
applications. As an example, at the 5 Mbit/sec MFM data
rate of most 5%, inch drives, the chip contributes up to
+10 ns of window error, out of the total available window of
100 ns. This allows the disk drive to have a margin of 40 ns
of jitter from nominal bit position before an error will occur.

ANALOG CONNECTIONS

External passive components are required for the Pulse
Gate, Charge Pump, Loop Filter and VCO as shown in Fig-
ure 5. The information provided here is for guidelines only.
The user should select values according to his own system
requirements. Phase-Locked Loops are complex circuits
that require detailed knowledge of the specific system. Fac-
tors such as loop gain, stability, response to change of sig-
nal, lock-on time, etc are all determined by the external
components. In many disk systems these factors are crit-
ical, and National Semiconductor recommends the designer
be knowledgeable of phase-locked-loops, or seek the ad-
vice of an expert. Inaccurate design will probably result in
excessive disk error rates. The phase-locked-loop in the
DP8461/65 has many advantages over all but the most so-
phisticated discrete designs, and if the component values
are selected correctly, it will offer significant performance
advantages. This should result in a reduction of disk error
rates over equivalent discrete designs. Please refer to the
National Semiconductor Application Note AN-414, Precau-
tions for Disk Data Separator Designs, AN-415, Designing
with the DP8461, AN-416, Designing with the DP8465, and
to the Disk Interface Design Guide and User's Manual,
Chapter 1.
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DP8461/65/DP8451/55

Circuit Operation (continued)

Pulse Gate

There are four external components connected to the Pulse
Gate as shown in Figure 6 with the associated internal com-
ponents. The values of Rpg1, Rpg2, Cpg1, and Cpg2 are
dependent on the data rate. Cpg1 and Cpg2 are proportion-
al to the data rate, while Rpg1 and Rpgz are inversely pro-
portional. Table | shows component values for the data
rates given. Component values are calculated by selecting
Rpg2 from Table I. Next calculate

(2.12><105)( 1 )2
Cpa1 =
890 + Rpga/ \100 X Rg

890+ Hpgg)
ZET7PG2 ) (100X Rg).
238x105 ) ! s)

In the above equations Rg is the rotational speed and, for
3600 RPM, Rg = 60 Hz. A rotational speed of 3600 RPM
was assumed for the calculations in Table I. For data rates
not listed, Rpgo may be approximated as (30 kQ2/fpaTa)
— 1.20 kQ = Rpg2 where fpaTa is the data rate in Mega-
bits/second.

TABLE L. Pulse Gate Component Selection Chart
Components with 10% tolerance will suffice

1
Cpa2 = ECPGh and Rpgq = (

Charge Pump

Resistors RRaTe and Rgpoost determine the charge pump
current. The Charge Pump bidirectional output current is ap-
proximately 1.9 X the input current (See DC Electrical Char-
acteristics for exact relationship). In the high tracking rate
with SET PLL LOCK high, the input current is IgseT + IR-
SET, i.e., the sum of the currents through Rgpost and
RraTe from Vge. In the low tracking rate, with SET PLL

LOCK low, this input current is IrggT only.

A recommended approach for selecting values for RRaTE
and RgposT is described in the design example in the Loop
Filter Section. A typical loop gain change of 2:1 for high to
low tracking rate would require Rgoost = RRATE- Select-
ing RRaTE to be 820Q would then result in RgoosT equal-
ing 8209Q). Referring to Figure 7, the input current is effec-
tively Vge/RRaTE in the low tracking rate, where Vgg is an
internal voltage. This means that the current into or out of
the loop filter is approximately (1.95 X Vgg/820) — 70 pA
= 1.72 mA. Note that although it would seem the overall
gain is dependant on Vgg, this is not the case. The VCO
gain is altered internally by an amount inversely proportional
to Vg, as detailed in the section on the Loop Filter. This
means that as Vgg varies with temperature or device
spread, the gain will remain constant for a particular fixed
set of values of RraTe and Rppost. This alleviates the
need for potentiometers to select values for each device.
The tolerance required for these two resistors will depend
on the total loop gain tolerance allowed, but 5% would be
typical. Also Vg bypass capacitors are required for these
two resistors. A value of .01 uF is suitable for each.

Data Rate Rpa2 RpaG1 Cpa1 Cpag2

2 Mbit/sec 15kQ | 430Q | .39 puF | .039 uF

5 Mbit/sec | 4.7kQ | 150Q 1uF 0.1 uF
10 Mbit/sec | 1.8kQ 680 | 2.2puF .22 pF
15 Mbit/sec 7500 390 | 39pF 39 uF

TL/F/8445-10

FIGURE 6. Pulse Gate Controls
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Circuit Operation (continued)
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DP8461/65/DP8451/55

Circuit Operation (continued)

vco

The value of Rygo is fixed at 1 k@ 1% in the External
Component Limits table. Figure 8 shows how Rycg is con-
nected to the internal components of the chip. This value
was fixed at 1 k(2 to set the VCO operating current such that
optimum performance of the VCO is obtained for production
device spreads. This means fixed value components will be
adequate to set the VCO center frequency for production
runs. The value of Cyco can therefore be determined from
the VCO frequency fyco, using the equation: Cyco = [1/
(Rvco) (fvco)l — 5 pF where fyco is twice the input data
rate. As an example, for a 5 Mbit/sec data rate, fyco = 10
MHz, requiring that Cyco = 95 pF. This does not take into
account any inter-lead capacitance on the printed circuit
board; the user must account for this. The amount of toler
ance a particular design can afford on the center frequency
will determine the capacitor tolerance. The capacitor is con-

lm

Rvco
1k
+1%

2%

GND
TL/F/8445-12

FIGURE 8. VCO Current Setting Resistor

ected to internal circuitry of the chip as shown in Figure 9.

As the data rate increases and Cyco gets smaller, the ef-
fects of unwanted internal parasitic capacitances influence
the frequency. As a guide the graph of Figure 10 shows
approximately the value of Cyco for a given data rate.

The VCO control input operational range (pin 4) lies at ap-
proximately 1.4 volts with a control swing of + 100 millivolts.
The VCO itself is constrained to swing a maximum of ap-
proximately +20% of its center frequency, and will remain
clamped if the voltage at pin 4 exceeds its operational limit.
The VCO center frequency may then be determined by: 1)
holding pin 4 at ground potential and measuring the VCO
frequency (—20% value); 2) holding pin 4 at approximately
3 volts and measuring the VCO frequency (+20% value); 3)
averaging the two measured frequencies for the equivalent
center frequency.

pan

100 50 50

@ GND
TL/F/8445-13

FIGURE 9. VCO Capacitor
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FIGURE 10. VCO Capacitor Value for Disk Data Rates
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Circuit Operation (Continued)

Loop Filter

The input current into the Buffer Amplifier is offset by a
matched current out of the Charge Pump, and even so is
much less than the switching current in or out of the Charge
Pump. It can therefore be assumed that all the Charge
Pump switching current goes into the Loop Filter compo-
nents Ry and Cy and Ca. The tolerance of these compo-
nents should be the same as RgaTe and RgoosT, and will
determine the overall loop gain variation. The three compo-
nents connected to the Charge Pump output are shown in
Figure 11. Note the return current goes to analog GND,
which should be electrically very close to the GND pin itself.

The value of capacitor C{ determines loop bandwidth ...
the larger the value the longer the loop takes to respond to
an input change. If C¢ is too small, the loop will track any
jitter on the ENCODED DATA input and the VCO output will
follow this jitter, which is undesirable. The value of C4
should therefore be large enough so that the PLL is fairly
immune to phase jitter but not large enough that the loop
won’t respond to longer term data rate changes that occur
on the disk drive.

The damping resistor Ry is required to regulate the second-
order behavior of the closed-loop system (overshoot). A val-

10k

Ll

IRser /I
Rser / 1BseT cﬁ"'

ue of Ry that would give a phase margin of around 45 de-
grees would be a reasonable starting point.

The main function of the capacitor Cs is to smooth the ac-
tion of the charge pump at the VCO input. Typically its value
will be less than one tenth of Cy. Further effects of Cy will
be discussed later.

Figure 12 shows the relevant phase-locked-loop blocks that
determine system response, namely the Phase Detector,
Filter/Buffer Amplifier, and VCO. The Phase Detector
(Phase Comparator and Charge Pump) produces an aggre-
gate output current i which is proportional to the phase dif-
ference between the input signal and the VCO signal. The
constant (K1) is

1.78 Vg fvco
N27R foaTA’

R is either RRaTe or RpaTE | ReoosT. The amplified aggre-
gate current feeds into or out of the filter impedance (2),
producing a voltage to the VCO that regulates the VCO fre-
quency. The VCO gain constant is 0.4 wyco/Vae radians
per second per volt. Under steady state conditions, i will be
zero and there will be no phase difference between the in-
put signal and the VCO. Any change of input signal will pro-

amps per radian, where N =

Pl

-
SWITCHED
-— ' llnsnl IBser o
R
IRseT ¢
| 1BsEr l 2
GND

TL/F/8445-15

FIGURE 11. Charge Pump Out
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TL/F/8445-16

FIGURE 12. Loop Response Components
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DP8461/65/DP8451/55

Circuit Operation (continued)

duce a change in VCO frequency that is determined by the
loop gain equation. This equation is determined from the
gain constants Ky, A and Kz and the filter v/i response.

The impedance Z of the filter is:

+
) o
2 1 sC1(1 +C—2+sCZR1)
1
If Co < Cq then the impedance Z approximates to:

1 + sC4Ry
sCq (1 + sCaR¢)
The overall loop gain is then
K1AK2 1 + sC4Rq

GO = =5 X 6, * sCahn)

LetGky = K1 AKp
1 + SC4R4
SCq (1 + SC2Rq)
The Overall Closed Loop Gain is:
dour _ Gk) F(s)
N s+ Gk Fls)
Substituting, We Get
dout _
oiN

F(s) =

Gk (SC1Rq + 1)
S3R4C1Cy + S2Cy + GK(SC4Ry + 1)
B (G(k)/C1) (SR1Cq + 1)

B S8R4Co + S2 + SGR1 + Gk)/C4

If Co < C4, we can ignore the 3rd Order Component
introduced by G, then:

dout _ (Gk)/C1) (SR1Cy + 1)
oIN §2 + SG(R1 + Gk)/Cq
This is a second Order Loop and can be solved as follows:
$2 + 8G)R1 + G(k)/C1 = S2 + 2§ wpS + wp?
G

wp2
— 2Len
G
¢ = 1.0 For Critically Damped Response
From the above equations:

G
© = (K)
C1
0.89 X Vgg _ 0.4 X @
Gy = K1 AKy = P E x VBEVCO X 3.5

MFM encoded data has a two to one frequency range within
the data field. The expression K = (0.89 X Vgg / 27R) is
valid when the MFM data pattern is at its maximum frequen-
cy. In order to make this equation more general, it may be

written as follows: K = (1.78 X Vgg / 2wRN) where N is -

defined as the Vo frequency divided by the encoded data

frequency, or, N is equal to Fyco/FpaTta (N = 2 for maxi-
mum data rate i.e., MFM = 101010 ... and N = 4 for
minimum data rate) i.e., MFM = 100010001 ... . Now G(x)
can be written as follows:

1.78 X Vge _ 0.4 X wyco
= X 3.
G 27RN Ve 35
_ 25X Fyco
RN

® _ [25XFvco
n A C1RN

R = F_lnA-rE in the low track rate
R = RpaTe // RBoosT in the high track rate
From the above equations:

Ry G
on = 12€(K)
Gk = Cq wp?

{ = (damping factor) = —R—“';Lcl

The damping factor should approach, but not fall below, 0.5
when op is minimum. Response to bit shift is minimized
when the damping factor is small; however, if the damping
factor drops much below 0.5, the system tends to be oscilla-
tory (underdamped).

Additionally, loop performance is poor (excessive phase ac-
quisition times) if the damping factor becomes significantly
greater than 1.0. Any increase in loop bandwidth (due to R
decreasing in the high track rate) produces a proportional
increase in the damping factor, and this should be limited to
the point where the maximum damping factor does not sig-
nificantly exceed 1.0. With the damping factor range estab-
lished, loop design can now proceed. The following design
example is for a 5 Mbit/sec MFM system.

A 1550 Krads/sec bandwidth in the non read mode results
in a wide capture range; a 4% frequency difference be-
tween the crystal and recorded data would not cause an
acquisition problem. (This bandwidth may seem excessive
to some and if the user does not think it is necessary, he
may design his filter with a more desirable bandwidth. For
an in-depth discussion of this point, it is suggested that the
reader refer to the Disk Interface Design Guide and User’s
Manual, chapter 1, sections 1.3 through 1.7.

This design example assumes that the SET PLL LOCK pin
is tied to the PLL LOCK DETECTED pin. This results in the
track rate being switched from high to low after two bytes of
preamble are detected. As an alternative, the SET PLL
LOCK pin may be tied to an inverted READ GATE signal,
resulting in the track rate switching immediately to low when
READ GATE is asserted. This is discussed further in the
above mentioned reference material.

TABLE Il
Data Rate Non-Read Read Charge Pump Loop Filter
(NR2) On(MAX) ¢ On(MIN) ¢ RRaTE Rpoost R¢ Cq Cz2
rads/sec Rads/sec Q Q Q uF pF
5 Mbit/sec 1550K 1.12 797K 0.55 820 820 120 0.012 300
5 Mbit/sec 903K 0.99 435K 0.48 1500 1300 100 0.022 390
5 Mbit/sec 659K 1.55 248K 0.52 1500 590 69 0.068 1500

4-20




Circuit Operation (continued)
In the non read mode or high track rate.

on = 2.5 X Fyco
n=y C4RN

Choose R = RgaTe // ROOST = 410
In the non-read mode N = 2

25X 10
1550 Krads/sec = [ ——————
rads/sec = \/ Gy x 410 x 2

Cy = 0.012 pF
In the preamble, after two bytes are detected and PLL
LOCK DETECT goes low

on = 2.5 X Fyco
n \/ C4RN

R = RRpaTe = 820
N=2
wp = 1127 Krads/sec

Again, in the data field, the minimum data frequency is equal
to one half the preamble frequency. This means that N = 4
in the bandwidth equation. This reduces the bandwidth to:

1
On(min) = ‘/-—5 X 1107 Krads/sec = 797 Krads/sec

Before, we stated that the minimum value of £ should be
0.5; knowing wn(min) We can now solve for R4

Choose {(min) = 0.55

_
1 wn Cy
Ry = 115Q (choose 120Q)

The maximum damping value occurs in the high track rate;
{(max) = ®n(max) R2C1/2
= 1550 Krads/sec X 120 X 0.012 pF/2
{(max) = 1.12
The maximum damping value in the read mode is as follows:
{(max-read) = 1127 Krads/sec X 120 X 0.012 uF/2

{(max-read) = 0.81

The continuous behavior (non-quantized) approximation
used to predict loop performance assumes that the phase
detector output is constantly proportional to the input phase
difference. In reality, the phase detector output is a pulse
applied for a period of time equal to the phase difference.
The function of Cs is to smooth the phase detector output
(VCO control voltage) over each cycle. C» also adds a sec-
ond pole to the filter transfer function. This pole should be
far enough outside the loop bandwidth (at least one order of
magnitude) that its phase and amplitude contribution is neg-
ligible in the loop bandwidth. If:

Cp = C1/50 = 240 pF (choose 300 pF)

_ opR1Cy The final Ioop. corpponent is RgoosT- Since RRaTE and the
L=— Cll parallel combination of RgaTe and RgoosT are known, we
can calculate RgoosT-
Reoost = (Rp) (RRATE) / (RRaTE — Rp) = 8200
The above filter values and those for other bandwidths are
listed on preceding page.
GAIN 4
—40 dB/DECADE
—20 dB/DECADE
) w
0d8 1/C1Ry wo 1/C2Ry N Wyco o
—40 dB/DECADE
w
—-90° — -
—135°
PHASE ¢ }

TL/F/8445-17

FIGURE 13. Bode Plot of Loop Response
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DP8461/65/DP8451/55

Circuit Operation (continued)

The calculated values are only a guide, the user should then
empirically test the loop and determine stability, lock-on
time, jitter tolerance, etc.

The desired Bode plot of gain and phase is shown in Figure
13, with 20 dB/decade slope at w, for stability at unity gain.

Capacitor Co governs the PLL’s ability to reject instanta-
neous bit jitter. As C, increases in value, the effective jitter
rejection will also increase. However, as the frequency of
the pole R4 and Cp produce (while increasing Cy) decreas-
es, loop stability will decrease, and the second-order ap-
proximation used to analyze the circuit becomes inaccurate.
Thus, it is recommended that Co remain one tenth (or less)
the value of Cy.

The value of resistor Ry inversely effects the break frequen-
cies on the Bode plot, and directly effects the loop’s damp-
ing ratio (overshoot response). The capacitor Cy governs
the bandwith of the loop. Too high a value will slow down
the response time, but make the PLL less prone to jitter or
frequency shift whereas too low a value will improve re-
sponse time while tending to increase the PLL's reaction to
jitter.

Other filter combinations may be used, other than R4 in se-
ries with C4, all in parallel with Co. For example the filter
shown in Figure 14 will also perform similarly, and in fact for
some systems it will yield superior performance.

DIGITAL CONNECTIONS TO THE DP8461/65

Figure 17 shows a connection diagram for the DP8461/65
in a typical application. All logic inputs and outputs are TTL
compatible as shown in Figure 15 and 76. The VCO CLOCK
output is 74AS compatible. All other outputs are 74ALS
compatible. All inputs are 74ALS compatible and therefore
can be driven easily from any 74 series devices. The raw
MFM from the pulse detector in the drive is connected to
the ENCODED DATA input. The DELAY DISABLE input de-

termines whether attempting lock-on will begin immediately
after READ GATE is set or after 2 bytes. Typically in a hard-
sectored drive, READ GATE is set active as the sector
pulse appears, meaning a new sector is about to pass under
the head. Normally the preamble pattern does not begin
immediately, because gap bytes from the preceding sector
usually extend just beyond the sector pulse. Allowing 2
bytes to pass after the sector pulse helps ensure that the
PLL will begin locking on to preambie, and will not be chas-
ing non-symmetrical gap bits. Thus DELAY DISABLE should
be set low for this kind of disk drive.

r= ="

3
|5 |
°—| 3
| I
L - -— -—— J
TL/F/8445-18

FIGURE 14. Alternate Loop Filter Configuration

- Vee

INPUT —

— GND
TL/F/8445-19
FIGURE 15. Logic inputs

OUTPUT

@

- GND
TL/F/8445-20

FIGURE 16. Logic Outputs
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DP8461/65/DP8451/55

Block Diagram
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Circuit Operation (continued)

For soft sectored drives, the controller normally will not wait
for the index pulse before it attempts lock-on, so that READ
GATE may go active at any time. Chances are the head will
not be over a preamble field and therefore there is no need
to wait 2 bytes before attempting lock-on. DELAY DISABLE
can therefore be set high. If a non-preamble field is passing
by as READ GATE goes active, the DP8461/65 will not indi-
cate lock, and no data decoding will occur nor will MISSING
CLOCK DETECTED go active. Normally, if lock-on has not
been achieved after a certain time limit, the controller will
de-activate READ GATE and then try again.

For MFM encoded disk drives, the LOCK DETECTED out-
put will be connected back to the SET PLL LOCK input. As
the PLL achieves lock-on, the DP8461/65 will automatically
switch to the lower tracking rate and decoded data will ap-
pear at the NRZ READ DATA output. Also the READ
CLOCK output will switch from half the 2F-CLOCK frequen-
cy to the disk data rate frequency. If a delay is required
before the changeover occurs, a time delay may be inserted
between the two pins.

Some drives have an all-ONES data preamble instead of all-
ZEROES and the DP8461/65 must be set to the type being
used before it can properly decode data. The ZEROES/
ONES PREAMBLE input selects which preamble type the
chip is to base its decoding phase on.

TUFIB@5-25

USE WITH RUN-LENGTH-LIMITED CODES (RLL)

If the drive uses a Run-Length-Limited Code (RLL) such as
1,7 or 1,8 instead of MFM, the user might choose to use the
DP8451/55. These circuits contain the PLL portion of the
DP8461/65 and thus perform the data synchronization
function. RAW DATA is input to pin 16 and the 2F-CLOCK is
applied to pin 17. Instead of supplying NRZ DATA, SYN-
CHRONIZED DATA OUTPUT.is issued at pin 12. The VCO
CLOCK, pin 8, is used to clock this data into external decod-
ing circuitry. As long as the high frequency pattern of ...
1010.... is used for the preamble, the user may choose the
DP8451 if he desires to have the circuit perform phase and
frequency comparisons until two bytes of preamble are de-
tected by the on chip preamble pattern detector.

If a 2,7 code is being used the DP8465/55 may be used.
Again, since the DP8465 MFM decoding function will not be
used, the user may choose to use the DP8455. However,
the National Semiconductor DP8462 is designed specifically
for the 2,7 code. It is recommended that the user reviews
the DP8462 specification for the added advantages the cir-
cuit offers with the 2,7 format.

4.24




Applications of the DP8461/65

Data Separator

The DP8461/65 are the first integrated circuits to place on
one chip a PLL with features that offer the improved speed
and reliability required by the disk industry. Not only does
each chip simplify disk system design, but also provides fast
lock-on to the incoming preamble. Once locked on, the loop
is set into a more stable mode. This inherent loop stability
allows for a sizeable amount of jitter on the data stream,
such as is encountered in many disk systems. Once in the
stable tracking rate, the SYNCHRONIZED DATA output rep-
resents the incoming ENCODED DATA and is synchronous
with VCO CLOCK. If the disk is MFM encoded, then the chip
can decode the synchronized data into NRZ READ DATA
and READ CLOCK. These are available as outputs from the
chip allowing the NRZ READ DATA to be deserialized using
the READ CLOCK.

The DP8461/65 are capable of operating at up to 20
Mbits/sec data rates and so are compatible with a wide
assortment of disk drives. The faster data rates of the 8-inch
and 14-inch disk drives will mandate the selection of the
DP8461/65-3 parts with their narrower window margins on
the incoming data stream. This will also be the case when
5Y4-inch drives achieve higher data rates. Some 8-inch and
14-inch disk drives incorporate the functions of the
DP8461/65, but use many discrete ICs. In these cases, re-
placing these components with the DP8461/65 will offer re-
duced P.C. board area, lower cost, and improved perform-
ance while simplifying circuit testing.

Most 5,-inch and many 8-inch and 14-inch disk drives
manufactured at present do not incorporate any of the func-
tions of the DP8461/65. This is so primarily because the
PLL function is difficult to design and implement and re-
quires circuitry which covers a large area of the printed cir-
cuit card. This is undesirable both from the drive size aspect
and from the cost aspect (the cost includes soldering, test-
ing, and adjusting the components). Consequently, most
smaller disk drives output MFM encoded data so that the
phase-locked-loop and data separation have to be per-
formed by the controller. The DP8461/65 will therefore re-
place these functions in controller designs, as shown in Fig-
ure 18.

System design criteria has become more flexible because
the DP8461/65 provide a one-chip solution, requiring only a
few external passive components with fixed values. Each
operates from a +5V supply, typically consumes about
0.3W, and is housed in a narrow 24-pin package. The cir-
cuitry has been designed so that the external resistors and
capacitors need not be adjustable; the user chooses the
values according to the disk drive requirements. Once se-
lected, they will be fixed for that particular drive type. These
features make it possible to transfer these functions to the
disk drive, as shown in Figure 19. Apart from a slight in-
crease in board area, the advantages outweigh the disad-
vantages. First, the components selected are fixed for each
type of drive and this facilitates the problem of interchange-
ability of drives. At present, controllers are adjusted to func-
tion with each specific drive; with the DP8461/65 in the
drive, component adjustment will no longer be required.
Second there is often a problem of reliability of data trans-
fer. The data returning from the disk drive is susceptible to
noise, bit shift, etc. Soft errors will occur when the incoming
disk data bit position is outside the Pulse Gate window as it
is being synchronized to the VCO clock in the phase-locked-
loop. Obviously, the nearer the PLL is to the data source,
the less chance there is that extraneous noise or transmis-
sion line imbalances will cause errors to occur. Thus placing
the DP8461/65 in the drive will increase the reliability of
data transfer within the system.

A third advantage is data rate upgrading. Most 5,-inch
drives have 5 Mbit/sec data rate because the early drives
were made with this data rate. This meant the controllers
had to be designed with PLLs which operate at this data
rate. It is therefore difficult for drive manufacturers to intro-
duce new drives that are not compatible with existing con-
trollers. Since no new standard data rate has emerged, they
must continue to produce drives at this data rate to be com-
patible with the controllers on the market. With the
DP8461/65 in the drive, and associated components set for
the drive’s data rate, it no longer becomes a problem to
increase the data rate, assuming the controllers digital cir-
cuitry can accommodate the change. This will allow the
manufactures to increase the bit density and therefore the
capacity of their drives.

4-25

GG/15¥8d0/59/19¥8dd




DP8461/65/DP8451/55

Applications of the DP8461/65 Data Separator (continued)
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FIGURE 18. DP8461/65 in the Controller

PRTOF [~ — = — — — '
I_ DISK DRIVE ESDI OR ANSI X3.101 r i
| | | |
| PASSIVE COMPONENTS SMD'"TE"F“E I I
| | | |
I | |
| an READDATA .y I

—|
—] 21-cLocK READ CLOCK 1
I PULSE DPB481 /65 MISSING CLOCK | CONTROLLER I
I ?snugargg . E:CODED DATA SEPARATOR DETECTED | I
”{ pata
| oPBt | n |
| READ GATE ‘TOCK DETECTED | | |
SETPLLLOCK
| | | |
I / | READ GATE | I
2D | ' |
= |
WRITE SIGNALS/

I--—————— -—————J CONTROLS '——————J

TL/F/8445-23

FIGURE 19. DP8461/65 in the Disk Drive

PRECAUTIONS IN BREADBOARDING AND PCB
LAYOUT

The DP8461/65 contains a high performance analog PLL
and certain precautions must be taken when breadboarding
or designing a PCB layout. The following guidelines should
be adhered to when working with the DP8461/65:

1) Do not wire wrap.

2) Keep component lead lengths short, place components
as close to pins as possible.This applies to R1, C1, R2,
Cvco, RraTE: RBOOST, CRATE: CBOOST, RPG1, RPG2,
and CPG1.

3) Provide a good ground plane and use a liberal amount of
supply bypassing. The quieter a PLL’s environment, the
happier it is.

4) Avoid routing any digital leads within the vicinity of the
analog leads and components.

5) Keep inter-pin capacitance to a minimum; i.e., avoid run-
ning traces or planes between pins.

6) Minimize digital output pin capacitive loading to reduce
current transients.

NSC has used a PC board approach to breadboarding the

DP8461/65 that gives an excellent ground plane and keeps

component lead lengths very short. With this setup very sta-

ble and reliable operation has been observed. lllustration of

component layout is shown in Figure 20.
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Applications of the DP8461/65
Data Separator (continued)

ADDITIONAL NOTES
1. PG1 should be grounded to improve noise immunity.

2. 2F clock must be applied at all times; without the 2F
clock, the pulse gate circuitry will not operate properly
making it impossible to lock onto the incoming data
stream.

3. The programming capacitor for the Vgo can be calculat-
ed as:

Cvco = 1/(fvco X Rvco) — 5 pF

Connection Diagrams

The 5 pF value is due to parasitic and pin to pin capaci-
tance. An additional accomodation must also be made for
PC board capacitance.

4. Care must be taken in final PC board layout to minimize
pin to pin capacitance, particularly in multi-layer printed
circuit boards.

5. Please refer also to Precautions for Disk Data Separator
Designs, NSC Application Note AN-414.

DP8461/65
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FIGURE 20. Recommended Component Layout
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DP8461/65/DP8451/55

Connection Diagrams (continued)
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National
Semiconductor

PRELIMINARY

DP8459 All-Code Data Synchronizer

General Description

The DP8459 Data Synchronizer is an integrated phase
locked loop circuit which has been designed for application
in magnetic hard disk, flexible (floppy) disk, optical disk, and
tape drive memory systems for data re-synchronization and
clock recovery with any standard recording code, operating
to 24 Mb/s with 2,7 code and 33 Mb/s with 1,7 code. The
DP8459 is provided in a 28-pin PCC package. Zero phase
start is employed during both data and reference clock lock
sequences for rapid acquisition. An optional (Customer-con-
trolled) synchronization field frequency-acquisition feature
guarantees lock, accommodating the preamble types used
with GCR (Group Code Recording), MFM (Modified Fre-
quency Modulation), the [1,N] run length limited (RLL)
codes, and either of the standard 2,7 RLL codes. Precise
synchronization window generation is achieved via an inter-
nal, self-aligning delay line which remains accurate indepen-
dent of temperature, power supply, external component and
IC process variations. The DP8459 also incorporates a digi-
tally controlled (MICROWIRE™ bus compatible) strobe
function with 5-bit resolution which allows for margin testing,
error recovery routines, and precise window calibration. The
PLL filter resides external to the chip, with two ports provid-

ed to allow significant design flexibility. Synchronization pat-
tern detection circuitry issues a PREAMBLE DETECTED
signal when a pre-determined length of the user-selected
pattern is encountered. All digital input and output signals
are TTL compatible and a single, +5V power supply is re-
quired.

Features

m Fully integrated dual-gain PLL

m Zero phase start lock sequence

m 250 Kbit/sec-33 Mbit/sec data rate range

Frequency lock capability (optional) for all standard re-
cording codes

m Digital window strobe control, 5-bit resolution

W Two-port PLL filter network

B PLL free-run (Coast) control for optical disk defects

m Synchronization pattern (preamble lock) detection
]
]

Non-glitching multiplexed read/write clock output
+5V supply

m DP8459 supplied in 28-pin plastic chip carrier (PCC)
package

Connection Diagram
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FIGURE 1. DP8459 in 28-Pin Plastic Chip Carrier
(PCC) V-Type Package Order Number DP8459V
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DP8459

1.0 Pin Descriptions
DP8459 28-pin PCC package

Pin# |
POWER SUPPLY
16 DIGITAL Vgc: 5.0V £5%.
4 ANALOG Vcc: 5.0V +5%.
13 DIGITAL GROUND.
3 ANALOG GROUND.
TTL LEVEL LOGIC INPUTS
5 READ GATE (RG): Read mode control input, active high (logical-one). Assertion causes the PLL to lock to

the ENCODED READ DATA, employing a zero phase start routine. Deassertion causes the PLL to lock the
REFERENCE CLOCK input, also employing a zero phase start routine. READ GATE timing is allowed to be
fully asynchronous.

6,7,8 RANGE SELECT 0, 1, 2 (RS0, RS1, RS2): Control the operating frequency range of the VCO. A 2:1
continuously variable sub-range is available within each of 6 allowed selections, enabling the VCO to
operate at any frequency within a 96:1 range from 500 kHz to 48 MHz.

9 CONTROL REGISTER ENABLE (CRE): A logical Low level allows the CONTROL REGISTER CLOCK to
clock data into the Control Register via the CONTROL REGISTER DATA input; a logical HIGH level
latches the register data and issues the information to the appropriate circuitry.

10 CONTROL REGISTER DATA (CRD): Control Register data input.

1 CONTROL REGISTER CLOCK (CRC): Negative edge triggered Control Register clock input.

12 ENCODED READ DATA (ERD): Incoming TTL-level data derived from the storage media; issued from a
pulse detector circuit. Each positive edge represents a single recorded code bit.

14 REFERENCE CLOCK (RFCY): A reference frequency input required for DP8459 operation. The RFC

frequency must be accurate and highly stable (crystal or servo derived) and equivalent to the 2F frequency
for the MFM or [2,7] codes (i.e., equal to, but not derived from the VCO frequency).

18 FREQUENCY LOCK CONTROL (FLC): Selects or de-selects the frequency lock function during a READ
operation. Has no effect with READ GATE deasserted; frequency lock is automatically employed for the
full duration of time READ GATE is deasserted regardless of the level of the FLC input. With READ GATE
high and FLC low (logical-zero) the PLL is forced to lock to the pattern frequency selected via the SYNC
PATTERN SELECT inputs. When high (logical-one) frequency lock action is terminated and the PLL
employs a pulse gate to accommodate random disk data patterns. FLC may be tied to PREAMBLE
DETECTED output pin for self-regulated frequency lock control. FLC timing is allowed to be fully

asynchronous.
20 SYNC PATTERN SELECT 0, 1 (SP0, SP1): Control inputs for selection of the preamble type being
19 employed. These inputs determine the pattern to which the PLL will frequency-lock during preamble
acquisition (if frequency lock is employed) and for which the PREAMBLE DETECTED circuitry searches.
24 COAST (CST): Control for Coast function. The Coast function may be activated when READ GATE is

either high or low. When the COAST input is low (logical-zero), the phase comparator is disabled and held
in a cleared state, allowing the VCO to coast regardless of ENCODED READ DATA input activity (READ
GATE high) or REFERENCE CLOCK input activity (READ GATE low). No other circuit functions are
disturbed. When high (logical-one), the phase comparator operates normally.

27 HIGH-GAIN DISABLE (HGD): Charge Pump gain switch control. When low (logical-zero), the charge pump
input current is the combined value of the currents at both RgoosT and RyomiNAL Pins. When high
(logical-one), charge pump input current is taken from the RyominaL Pin only. HGD may be tied either to
READ GATE or PREAMBLE DETECTED for self-regulated gain control.
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1.0 Pin Descriptions (continued)
DP8459 28-pin PCC package

65¥8dd

Pin# |
TTL LEVEL LOGIC OUTPUTS
15 SYNCHRONIZED CLOCK (SCK): Issues the VCO signal following READ GATE assertion and complstion

of zero phase start sequence; issues REFERENCE CLOCK input signal when READ GATE is deasserted.
Multiplexer switching is achieved without glitches.

17 PREAMBLE DETECTED (PDT): Issues a high level (logical-one) following assertion of READ GATE,
completion of the zero phase start sequence, and the detection of approximately 32 sequential pulses of
1T, 2T or 3T period preamble, or 16 sequential pulses of 4T period preamble, depending on state of SYNC
PATTERN SELECT inputs (T = VCO period). Following preamble detection, the output remains latched
high until de-assertion of READ GATE. The PDT output will be at a logical zero state whenever READ
GATE is inactive.

21 SYNCHRONIZED DATA (SD): A reconstructed replica of the ENCODED READ DATA signal, time-
stabilized and synchronized to the SYNCHRONIZED CLOCK output.
22 PUMP UP (PU): Active HIGH whenever the phase comparator issues a pump-up signal to the charge

pump. The PU pin is an open-emitter output requiring an external passive pull down resistor whenever in
active use. The output should be allowed to float when not needed.

23 PUMP DOWN (PD): Active HIGH whenever the phase comparator issues a pump-down signal to the
charge pump. The PD pin is an open-emitter output requiring an external passive pull down resistor
whenever in active use. The output should be allowed to float when not needed.

ANALOG SIGNAL PINS

28 CHARGE PUMP OUTPUT: The output of the high-speed, switching bi-directional current source circuitry of
the charge pump. The external, passive PLL filter network is established between this pin, the VCO INPUT
pin, and ground.

1 VCO INPUT: The high-impedance control voltage input to the voltage controlled oscillator (VCO). The
external, passive PLL filter network is established between this pin, the CHARGE PUMP OUTPUT pin, and
ground.

2 TIMING EXTRACTOR FILTER: A pin for the connection of external, passive components employed to
stabilize the delay line timing extraction circuitry. Delay accuracy is not a function of external component
values or tolerances.

25 RNOMINAL: A resistor is tied between this pin and Vg to set the charge pump nominal operating current.
The current is internally multiplied by 2 for charge pump use.

26 RBoosT: A resistor is tied between this pin and Vg to set the charge pump boost (or adder) current. The
RBoosT resistor is effectively paralleled with the RyominAL resistor when the HIGH GAIN DISABLE input
is inactive (logical-zero); thus the sum of the resistor currents sets the total input current. The input current
is multiplied by 2 within the charge pump circuitry.
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DP8459

2.0 Circuit Operation

In the non-Read mode, the DP8459 PLL is locked to the
REFERENCE CLOCK signal. This permits the VCO to re-
main at a frequency very close to the encoded data clock
rate while the PLL is “idling” and thus will minimize the fre-
quency step and associated lock time encountered at the
initiation of lock to ENCODED READ DATA. Frequency ac-
quisition is employed in the non-Read mode to ensure lock.
Note: The REFERENCE CLOCK signal is employed by circuitry which sets
the time delay of the internal delay line. This requires the REFER-
ENCE CLOCK signal to be present at all times at a stable and accu-
rate frequency for proper DP8459 operation.
At the assertion of READ GATE, which is allowed to be
done asynchronously (no timing requirements), and follow-
ing the completion of two subsequent VCO cycles, the
DP8459 VCO is stopped momentarily and restarted in accu-
rate phase alignment with the second data bit which arrives
following the VCO pause. This minimization of phase misa-
lignment between the ENCODED READ DATA and the VCO
(referred to as zero phase start, or ZPS) significantly reduc-
es data lock acquisition time.

The DP8459 incorporates a preamble-specific frequency
acquisition feature which may be employed at the user’s
option. The frequency acquisition feature is intended specifi-
cally for use within hard or pseudo-hard sectored systems
where READ GATE is asserted only within a preamble. With
the READ GATE active (logical-one) and the
FREQUENCY LOCK CONTROL (FLC) input active (logical-
zero), the DP8459 will be forced to lock to the exact pream-
ble frequency selected at the SYNC PATTERN SELECT in-
puts. The frequency discriminating action of the PLL provid-
ed in this mode produces a lock-in range equivalent to the
available VCO operating range and thus eliminates the pos-
sibility of fractional-harmonic lock. Windowing (pulse gate
action; see Pulse Gate, Section 2.1) is not employed in the
frequency acquisition mode and thus quadrature lock is pre-
vented (see National Semiconductor Application Note
AN-414, APPS Mass Storage Handbook #1, 1986, for an
explanation of typical false lock modes). The DP8459 will
remain in the frequency acquisition mode until the FLC input
is deactivated (logical-one). In ordinary hard sectored or
pseudo-hard sectored operation, the PREAMBLE DETECT-
ED (PDT) output is tied to the FLC input for automatic
switching from frequency acquisition to phase lock following
internal detection of the selected preamble by the DP8459.
The Customer may choose to intervene in this path and
extend the frequency lock period. However, the DP8459
must be placed in the phase lock mode (FLC deactivated—
logical-one) prior to encountering the end of the preamble,
or loss of lock will result. Switching of the FLC input may be
done asynchronously (no set-up or hold timing require-
ments).

The PREAMBLE DETECTED (PDT) output will become ac-
tive (logical-one) following READ GATE assertion, comple-
tion of the ZPS sequence and the subsequent detection of
approximately 32 ENCODED READ DATA (ERD) pulses of
the 1T, 2T or 3T preamble types, or 16 ENCODED READ
DATA (ERD) pulses of the 4T preamble type (see specifica-
tion tables), and will remain active (logical-one) until deas-
sertion of READ GATE.

The Customer has the option of employing an elevated PLL
bandwidth during preamble acquisition (or at any other time)
for an extended capture range. An RgoosT pin is provided
to allow for an increase in charge pump gain above the level
set by the RyominaL Pin. When the HIGH GAIN DISABLE
pin (HGD) is inactive (logical-zero), the RgoosT resistor is
electrically paralleled with the RyominaL for an elevated
charge pump gain. When HIGH GAIN DISABLE is active
(logical-one), only the RNoMINAL resistor is employed to set
the pump current. The Charge Pump throughput gain is Icpo
= 2 X Ipp where Igp = 0.25Vcc/Rp, Rp = Rnom with
HGD high, and Rp = Rnoml|Rsoost with HGD low. The
Customer may choose to configure the system for high gain
prior to DP8459 preamble detection by tying the HGD pin to
the PDT output pin, or for high gain only during REFER-
ENCE CLOCK lock by tying the HGD pin to the READ GATE
pin. Other configurations may be employed, if desired.

The DP8459 issues a clock waveform from the SYNCHRO-
NIZED CLOCK output which is derived from the REFER-
ENCE CLOCK input when the READ GATE is inactive (logi-
cal-zero), and from the VCO signal following READ GATE
assertion (logical-one) and completion of the zero phase
start sequence. The REFERENCE CLOCK signal is issued
from the SYNCHRONIZED CLOCK output during non-Read
activity and may be used as a write clock, if desired. Once
data lock is achieved and the SYNCHRONIZED CLOCK
output is issuing VCO, the SYNCHRONIZED DATA output
and the SYNCHRONIZED CLOCK output are held in a fixed,
specified timing relationship for use by decoding/deserializ-
ing circuitry. The SYNCHRONIZED CLOCK output multi-
plexer switching is achieved without glitches, i.e., no pulse is
narrower than 50% of the VCO or REFERENCE CLOCK
period.

The DP8459 provides a COAST control input which serves
to clear the phase comparator and disable charge pump
action whenever taken to an active, logical-zero level. This
function is made available to allow the PLL to be set to free-
run, undisturbed, while a detectable defect is being read
from the media in a region where re-initiation of the lock
procedure is impractical (e.g., data field). External data con-
troller circuitry is responsible for the detection of the defect
and issuance of the COAST command. The primary applica-
tion of this feature is expected to be optical disk bright-spot
avoidance, though it will lend itself to other applications as
well.

As in the previous family of National Semiconductor data
separators/synchronizers, the DP8459 provides phase
comparator activity information to the Customer. The phase
comparator’s pump-up and pump-down outputs are brought
out to separate pins, PUMP UP (PU) and PUMP DOWN
(PD). The outputs are of the open-emitter type, requiring an
external “pull-down’ resistor when in active use. These out-
puts serve to indicate the relative displacement of the cur-
rent data bit with respect to the internal VCO phase (window
center). When in completely stabilized lock with no bit dis-
placement, the output(s) will issue a pulse of a finite, mini-
mum-valued width for each arriving data pulse. If any data
pulse is displaced with respect to the VGO phase, the corre-
sponding output pulse will widen by an amount equivalent to
the bit displacement. These output signals may be integrat-
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2.0 Circuit Operation (continued)

ed over time and employed to determine the average mag-
nitude of media bit shift. Additionally, the pulse widening/
narrowing effect bit displacement has on the PU/PD out-
puts produces an amplitude modulation of the output's
waveform. The waveform envelope, when observed with a
relatively slow oscilloscope time base, can be employed for
observation of PLL dynamics. This is particularly useful if
intrusive probing of the PLL filter nodes is not desirable.

It is strongly recommended that the PU/PD outputs be left
“floating” (unconnected to any net or circuit element, in-
cluding the output pull-down resistor) in any application
where they are not specifically needed. This will serve to
minimize unnecessary, spurious digital switching transients
in the vicinity of the DP8459, and thus improve noise per-
formance.

The DP8459 provides a wide operating data rate range to
facilitate use within a broad base of applications, including
multiple data rate systems or constant density recording
(CDR). In order to achieve the specified 250 kbit /sec to 24
Mbit/sec span, the operation of the VCO has been divided
into 6 contiguous frequency sub-ranges, with approximately
a 2:1 ratio between adjacent range selections. Three inputs
are provided for selecting of the sub-ranges, RANGE SE-
LECT 0, 1 and 2. Some code type restrictions have been
placed on the higher ranges of operating VCO frequency.
See Figure 3 for the operating data rate truth table and al-
lowed code type versus VCO range selection.

The DP8459 allows for flexible synchronization window
strobe control. The inputs CONTROL REGISTER DATA
(CRD), CONTROL REGISTER CLOCK (CRC), and
CONTROL REGISTER ENABLE (CRE) are configured to
permit interfacing of the DP8459 to the MICROWIRE™ (or
equivalent) bus for entry of strobe information. Information
is serially shifted into the CONTROL REGISTER via the
CRD and CRC pins whenever the CRE pin is active (logical-
zero). When the CRE pin is inactive (logical-one), CRD and
CRC are ignored. The strobe function allows the Customer
to shift the synchronization window in 31 equal steps of
magnitude tgs = M X [1.8% X 7ygpl from approximately
27% early to 27% late with respect to nominal window posi-
tion. This function may be employed for margin testing (eg.,
approximately +12%) or error recovery read re-try opera-
tions (eg., approximately £2% to +3%). Additionally, this
feature allows the Customer to align the center of the syn-
chronization window to within one half strobe step of ideal,
regardless of the initial performance or specification of the
DP8459. This window centering function may be performed
completely within the drive system itself (auto-alignment)
given the employment of an intelligent window alignment
routine. Such a routine would be configured to determine
the maximum error free early and late window positions via
the strobe function, and then would fix the DP8459 window
in the arithmetic mean position (Section 4.3.3). See Figure 4
for a window strobe truth table.

Note: In all DP8459 applications, provision must be made to load the appro-
priate information into the Control Register.

RA"GE(:E:;EST Input VCO Range N:;‘I’)';’::e;;te Minimum N (Allowed Code Type)
) ; 0 MHz MFM or 2,7 1 2 3 4
(Mbit/sec) (GCR) | (MFM;1,N) | (27) | (27)
1 1 X 0.50 < Fvco < 1.25 | 0.250< Fnrz < 0.625 Vv v v Vv
1 0 1 1.25 < Fvco < 2.5 0.625< Fnrz < 1.25 4 4 Vv 14
1 0 0 25<Fvco<5 1.25< Fnrz < 25 v \ 14 14
0 1 1 5 < Fvco < 10 25<Fnrz<5 v 4 \4 i4
0 1 0 10 < Fvco < 20 5<Fnrz< 10 N/A v v v
0 0 X 20 < Fvco < 48 10< Fnrz < 24 N/A 14 \4 v

Note 1: N/A—Not Allowed.

Note 2: Operation slightly beyond listed range boundaries may be acceptable in some applications. At or near range boundaries, range selection should be made
to place the operating frequency near the UPPER boundary; e.g., use RS2 = 0, RS1 = 1, and RS0 = 0 for 10 Mb/s.

FIGURE 3. Code Type Allowance Versus VCO Frequency Range
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2.0 Circuit Operation (continued)

Strobe Bit Strobe | Window Strobe
4 3 2 0 | WordM Ts (Typical)
0 1 1 1 1 —15 —0.270 X Tyco
o 1 1 1 0 —14 —0.252 X Tyco
0 1 1 0 1 -13 —0.234 X Tyco
0o 1 1 0 o0 -12 —0.216 X Tyco
0 1 0 1 1 -1 —0.198 X Tyco
0 1 0 1 0 -10 —0.180 X Tyco
0 1 0 0 1 -9 —0.162 X Tyco
0 1 0 0 © ) —0.144 X Tyco
0o 0 1 1 1 -7 —0.126 X Tyco
0 0 1 1 0 -6 —0.108 X Tvco
o 0 1 0 1 -5 —0.090 X Tyco
0 0 1 0 © —4 ~0.072 X Tyco
0 0 0 1 1 -3 —0.054 X Tyco
0 0 0 1 o0 -2 —0.036 X Tyco
0 0 0 0 1 -1 —0.018 X 7yco
0 0 0 0 0 0 0
1 0 0 0 0 0 0
1 0 0 0 1 1 0.018 X Tyco
1 0 0 1 0 2 0.036 X Tyco
10 0 1 1 3 0.054 X Tyco
1 0 1 0 [o] 4 0.072 X myco
10 1 0 1 5 0.090 X Tyco
1 0 1 1 0 6 0.108 X 7yco
10 1 1 1 7 0.126 X Tvco
1 1 0 O 0 8 0.144 X 7yco
1 1 0o 0 1 9 0.162 X Tyco
1 1 o 1 0 10 0.180 X 7yco
1 1 0o 1 1 11 0.198 X Tyco
11 1 0 0 12 0.216 X Tyco
1 1 1 0 1 13 0.234 X 7yco
11 1 1 0 14 | 0.252 X Tyco
1 1 1 1 1 15 0.270 X Tyco

FIGURE 4. Window Strobe Truth Table

Customers who employ the DP8459 in a system without a
MICROWIRE™ (or functionally equivalent) bus configura-
tion and who wish to fix the synchronization window in the
nominal position while deselecting the test mode need only
load all-zero’s into the Control Register following power-up;
this may be easily achieved in some system configurations
(requiring no- additional hardware) by tying CRE to RG, tying
CRC to ERD and tying CRD to ground, providing the neces-
sary waveforms are present for register loading prior to the
first read operation.

The DP8459 provides two pins for PLL filtering purposes,
CHARGE PUMP OUTPUT (CPO) and VCO INPUT (VCOI).
These provide the Customer with great flexibility in fliter de-
sign, permitting high-order filter functions for optimization of
PLL lock characteristics and bit jitter rejection. For basic 3rd
order applications, CPO and VCOI may be tied together (sin-
gle-node) with a simple lead-lag, C||(R+C) filter tied be-
tween these pins and ground. More esoteric filter designs
may be implemented if the pins are electrically separated
and a two-port filter network is established between CPO,
VCOI, and ground. National Semiconductor supplies initial
PLL filter recommendations for the single-node configura-
tion within this data sheet with the qualifying statement that
they are very general in nature, intended primarily for pro-
duction testing of static window margin, and are NOT opti-
mized for any particular disk system. For optimum perform-
ance, the Customer should pursue a filter design which is
individualized and tailored to the requirements of the specif-
ic system involved. This is particularly true for the two-port
filtering technique. See Figure 5 for initial single-node filter
design recommendations.
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2.0 Circuit Operation (continued)

Code MFM MFM MFM 2,7 2,7 Units
Rate 0.500 2 5 10 20 Mbit/sec
VCO freq. 1 4 10 20 40 MHz
Sync bytes 12 12 12 12 12 bytes
pulses/byte 8 8 8 4 4 flux tran’s
sync length 192 48 19.2 9.6 4.8 s
sync freq 0.500 2 5 5 10 MHz
Nsync 2 2 2 4 4 none
Nmax/Nmin 4/2 4/2 . 4/2 8/3 8/3 none
Emin 0.5 0.5 0.5 0.5 0.5 none
Emax 0.7 0.7 0.7 0.8 0.8 none
Lsync 0.7 0.7 0.7 0.7 0.7 none
Wsync 35 144 353 606 1230 Krad/sec
Ci 0.5 0.12 0.05 0.018 8200 pF nF*
R1 82 82 82 150 150 1)
c2 0.01 uF 2700 1000 510 200 pF

Note 1: Preamble (sync) natural frequency has been chosen to yield phase error < 0.063 radians (i.e., 1% X 21r) at sync field end, given a 1% frequency step at
READ GATE assertion. Rnom = Rboost = 2.4k for all above loop filter selections. HGD is tied to RG, FLC is tied to PD and CPO is tied to VCOI as well as to the
loop fiter components.

Note 2: Component values are listed for purposes of window specification testing and correlation. These values do not necessarily yield optimum performance in
actual system applications. PLL dy ics and code ch istics are p d for Customer information and convenience only. See Section 3.1.

*Unless otherwise noted.
FIGURE 5. Test Conditions and Component Values for Static Window Truncation Testing

The DP8459 VCO is constrained at all times to operate with- at the Customer’s request: contact National Semiconductor
in a frequency swing of approximately +50% of the fre- Logic Marketing Group or Logic Applications Group.
quency present at the REFERENCE CLOCK input. Internal

frequency detector/comparator circuitry senses when the 2.1 Functional Block Description
VCO overruns the 50% boundary and forces the charge

pump to move the VCO back toward the REFERENCE PULSE GATE

CLOCK frequency until the 50% constraint is again satis- The function of the Pulse Gate within the DP8459 is twofold.
fied—thus preventing VCO runaway in the event of loss of First, the block contains the ECL flip-flop which captures
lock or during extended periods where ENCODED READ each arriving ENCODED READ DATA bit and transmits the
DATA is not present. Additionally, this technique causes the bit to the SYNCHRONIZED DATA output. The very high
filter node voltage to behave as if a voltage clamp were switching speed of the bit-capture ECL flip-flop minimizes
present at the Charge Pump Output, preventing the control the portion of window margin loss caused by flip-flop me-
voltage, in the event of loss of lock, from drifting outside of tastability at window boundaries. Second, the Pulse Gate
its operating range and inadvertently extending lock recov- regulates the transmission of the VCO waveform into the
ery time. Phase Comparator, allowing only one VCO pulse to pass
A special test mode feature has been incorporated into the with each arriving ENCODED READ DATA pulse. See Fig-
DP8459 which allows a specific input pin to change function ure 6 for a simplified logical representation of the Pulse
and act as an excitation source (substitute VCO) for clock- Gate block. The one-to-one data/VCO pulse ratio produced
ing internal logic circuitry. When the last bit in the CON- by the Pulse Gate permits the multiple-harmonic nature of
TROL REGISTER is taken to a logical ONE, the VCO is encoded data to be.accommodated by the phase/f(equen-
stopped, and the HGD input is redirected to act as a clock cy comparator. During the non-Read mode or during the
source for the VCO divider circuitry. Additionally, the Delay portion of the Read mode within which the Customer has
Line and Timing Extractor blocks are disabled when the set the FREQUENCY LOCK CONTROL pin to a logical-zero
Test Mode is entered, and thus the device will not function (low), the Pulse Gate is inactive (bypassed) and the VCO
normally and should not be operated in this mode for pur- frequency is divided as appropriate to match the incoming
poses other than internal gate exercising. Further informa- frequency source (ENCODED READ DATA or the REFER-

tion regarding application of the Test Mode will be furnished ENCE CLOCK input).
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2.1 Functional Block Description (continued)
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FIGURE 6. Simplified Diagram of Window Generation Circuitry
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