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ST49C001

Printed August 3, 1995

PREPROGRAMMED HIGH SPEED FREQUENCY SYNTHESIZER

DESCRIPTION ]

The ST49C001 is a mask programmable monolithic
analog CMOS device, designed to replace existing
high frequency crystal/oscillator with single low fre-
quency crystal. The ST49C001 provides two high
speed and low jitter clock outputs.

ST49C001 is designed for Magneto-Optical Disk
Drive (MODD) appplication.

FEATURES ]

* Can replace expensive high frequency oscillators.
* Mask programmable analog phase locked loop

* On board loop filter

* 5V 1.2uCMOS technology

* 8 pin SOIC package.

 Crystal oscillator circuit on board

ORDERING INFORMATION ]
Part number Package Operating temperature
ST49C001CF8 SOIC 0° C to +70° C

ST49C001CP8 Plastic-DIP 0° C to +70° C

Rev. 1.0

SOIC Package

5] cLock2
7] cLocK1
[ 6 ] BCLK
[ 5] GND

ST49C001CF8




ST49C001

ST49C00

1

BLOCK DIAGRAM

I
N ~
< =
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Circuit Buffer
| Programmable Voltage [ Programmable
| Counter DIZ";YTZr Cl'i:‘(::'g)e Il,:[;)p Controled Counter M |
B ki wer Oscillator Output Buffer
Programmable Voltage | Programmable
B=5..128 Counter Reference Counter N |—
A=5. 128 & A Circuit Output Buffer
M=1...6 1
N=1...6

1-4

BCLK

OE*

CLOCK 1

CLOCK 2



ST49C001

SYMBOL DESCRIPTION

__Symbol Pin Signal T'ype" 'Pirlj;Df;es:c‘r'izpztinh: : .

VCC 1 | Supply voltage. Single +5 volts.

OE* 2* | Output Enable (Active low). CLOCK1 and BCLK outputs are
disabled and forced to low state when this pin is low.
CLOCK2 output pin is active when CLOCK1 and BCLK
outputs are disabled.

XTALA1 3 | Crystal or External Clock input. A crystal can be connected
to this pin and XTALZ pin to generate internal phase locked
loop reference clock. For external clock, XTAL2 is left open
or used as buffered clock output.

XTAL2 4 (o) Crystal output.

GND 5 o) Supply ground.

BCLK 6 O Buffered reference clock output.

CLOCK1 7 (@) Preprogrammed clock output.

CLOCK2 8 O Preprogrammed clock output.

* Has internal pull-up resistor

EXTERNAL CLOCK CONNECTION

To minimize the noise pickup , it is recommended
to connect 0.047uF capacitor to XTAL1, and keep
the lead length of the capacitor to XTAL1 to a
minimum to reduce noise susceptibility.

FREQUENCY SELECT CALCULATION

The ST49C001 contains an analog phase locked loop
circuit with digital closed loop dividers and a final
outputdividerto achieve the desired dividing ratios for
the clock output.

The accuracy of the frequencies produced by the
ST49C001 depends on the input frequency and di-
vider ratios. The formula for calculating the exact
output frequency is as follows:

CLOCK1 = (Reference clock) X 2A/B X 1/M
CLOCK2 = (Reference clock) X 2A/B X 1/N

where A=5,6,7,......... 128
B=5,6, 7.,......... 128
M=1,2,...6
N=1,2,..6

ST49C001-01 Frequency table

INPUT outPUT

FREQUENCY | FREQUENCIE

16.934 MHz 49.143 MHz
29.486 MHz

H 10006V1S




ST49C001

ST49C001

ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature

7 Volts

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0-70° C, Vcc=4.0 - 5.5V unless otherwise specified.
Symbol Parameter Limits - Units ‘ Conditions
: Min Typ Max (| : B
Vi Input low level 0.8 Vv
Vin Input high level 2.0 \
VoL Output low level 0.4 \% lo.= 8.0 mA
Vo Output high level 2.4 \% lon = 8.0 mA
I Input low current -100 uA Pin 2 only
Im Input high current 1 pA VIN=Vcc Pin 2
lec Operating current 45 55 mA No load, OE High,
All Clock outputs
active
Rin Input pull-up resistance 60 85 110 kQ OE Pin

16



ST49C001

AC ELECTRICAL CHARACTERISTICS

T,=0-70° C, Vce=5.0 V unless otherwise specified.

H L0006V1S

Symbol | Parameter _ Limits | Units |  Conditions
T CLOCK rise time 3 5.5 ns CL=20pF
0.4V -24V
T2 CLOCK fall time 3 55 ns CL=20pF
2.4V - 0.4V
Tas Duty cycle 40 47 60 % CL=20pF
@ Vcce/2
Ts Jitter 1 sigma 10.5 12 %
T3 Jitter absolute 12 15 %

TIMING DIAGRAM

| //
cLocK | | /1
| |

T5 T4




ST49C001

L0006V1S
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ST49C101/102

Printed August 3, 1995

PREPROGRAMMED HIGH SPEED FREQUENCY MULTIPLIER

DESCRIPTION ]

The ST49C101/102 is a mask programmable mono-
lithic analog CMOS device, designed to replace exist-
ing high frequency crystal/oscillator with single low
frequency crystal. The ST49C101/102 provides high
speed and low jitter clock output.

ST49C101/102 is designed in a 1.2u process to
achieve 100 MHz speed for high end frequencies.

FEATURES

* Can replace expensive high frequency oscillator.
* Mask programmable analog phase locked loop

* Low power single 5V CMOS technology

* 8 pin DIP or SOIC package.

* Crystal oscillator circuit on board

ORDERING INFORMATION

Part number Package Operating temperature

ST49C101CP8 Plastic-DIP 0°C to +70° C
ST49C101CF8 SOIC 0° C to +70° C

ST49C102CT8 TSSOP 0° C to +70° C

Rev. 1.0

SOIC Package
XTAL1 [1] © 8 | XTAL2
OE g 7] Avce
AGND [3] § | 6 ] DVCC
DGND [4] @ 5] cLock

Dip Package

XTAL1 [ 1] ~ 8] xTA2

OE [2] g | 7] Avce
AGND [ 3] § | 6] bvce
DGND [ 4] o | 5] cLoc

TSSOP Package

pvee [ ] [ 8] Avce
CLOCK [ 7] NC.
ST49C102CT8
EXCLK [3] 6 | NC.
NC. [4] | 5 ] DGND




ST49C101/102

ST49C101/102

BLOCK DIAGRAM

1 ' B=5..128
A=5..128
Oscillator 1,24
Circuit
P, B, fi
Progr Phase Charge Loop Voltage Pragramfnable
Counter Detector [ Pump Filter Controled C
B Oscillator C
Programmable Voltage Output
Counter Reference Buffer —
A Circuit
S

CLOCK



ST49C101/102

SYMBOL DESCRIPTION ( ST49C101)

Symbol Pin Signal Type Pin Description

XTAL1 1 | Crystal or External Clock input. A crystal can be connected
to this pin and XTAL2 pin to generate internal phase locked
loop reference clock. For external clock, XTAL2 is left open
or used as buffered clock output.

OE 2 Clock Output Enable (Active high). CLOCK output is three
stated when this pin is low.

AGND 3 (@) Analog ground.

DGND 4 O Digital ground.

CLOCK 5 @) Programmed output clock.

DvCcC 6 | Positive supply voltage. Single +5 volts.

AVCC 7 I Analog supply voltage. Single +5 volts.

XTAL2 8 (@] Crystal output.

* Has internal pull-up resistor

SYMBOL DESCRIPTION ( ST49C102)

Symbol Pin Signal Type Pin:Description
pvce 1 | Digital Positive éupply voltage. Singlev+5> volts>.
CLOCK 2 O Pre-programmed output clock.
EXCLK 3 | External Clock input. Input reference clock.
DGND 5 (@] Digital ground.
AVCC 8 | Analog supply voltage. Single +5 volts.

H .COL/LOLO6YLS




S$T49C101/102

ST49C101/102

EXTERNAL CLOCK CONNECTION

To minimize the noise pickup , it is recommended
to connect 0.047uF capacitor to XTAL1, and keep
the lead length of the capacitor to XTAL1 to a
minimum to reduce noise susceptibility.

FREQUENCY SELECT CALCULATION

The ST49C101/102 contains an analog phase locked
loop circuit with digital closed loop dividers and afinal
outputdividerto achieve the desired dividing ratios for
the clock output.

The accuracy of the frequencies produced by the
ST49C101/102 depends on the input frequency and
divider ratios. The formula for calculating the exact
output frequency is as follows:

CLOCK = (Reference clock) X 2A/(BXC)

where A=5,6,7,........ 128
B=5,6,7,......... 128
C=124

Preprogrammed options:

T49C101-X | Factor | Max. Output
: Frequency

ST49C101-01 12 100 MHz
ST49C101-02 6 100 MHz
ST49C101-03 8 130 MHz
ST49C101-04 4 100 MHz
i Input | Output
‘|Frequency| ‘Frequency

ST49C102 40MHz 60MHz




ST49C101/102

ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T,=0-70° C, Vcc=5.0 V = 10% unless otherwise specified.

- Symbol ‘Parameter _ Conditions |
Vi Input low level Vv
ViH Input high level \%
Vou Output low level 0.5 \ lo.= 8.0 mA
Von Output high level 2.8 \% lon = 8.0 mA
I Input low current -100 uA Pin 2 only
I Input high current 1 pA VIN=Vce Pin 2
lec Operating current 55 65 mA No load.
CLOCK=100MHz
Rin Input pull-up resistance 50 75 100 ke

AC ELECTRICAL CHARACTERISTICS

T,=0-70°C, Vcc=5.0 V + 10% unless otherwise specified.

symbol | Parameter | condiions
T2 CLOCK rise/fall time 15 3 ns Load=30 pF, 0.6V -
2.2V
Ts Duty cycle 40 | 48/52 | 60 % 1.4V switch point
Ts Duty cycle 45 | 48/52 55 % VCC/2 switch point
Ts Jitter 1 sigma : 0.5 12 %
Ts Jitter absolute +2 15 %
Tin Input reference frequency 7 10 25 MHz
Tour Output frequency 130 MHz

Z0L/10Lo6Yv1S

=



ST49C101/102

ST49C101/102

DC ELECTRICAL CHARACTERISTICS ( ST49C101-02 and -04 ONLY )

T,=0-70° C, Vce=3.0V = 10% unless otherwise specified.

: Parameterz
Vi Input low level
Vi Input high level
Vou Output low level
VoH Output high level 2.0
e Input low current
I Input high current
lec Operating current
Rin Input pull-up resistance 50

40

75

0.5

-100

60

100

loc= 4.0 mA

lon = 4.0 mA

Pin 2 only
VIN=Vcc Pin 2
No load.
CLOCK=80 MHz

AC ELECTRICAL CHARACTERISTICS ( ST49C101-02 and -04 ONLY )

T,=0-70°C, Vcc=3.0V £ 10% unless otherwise specified.

Parameter

Ts
Ts
Ts
Tin

Tour

CLOCK rise/fall time

Duty cycle

Jitter 1 sigma

Jitter absolute

Input reference frequency
Output frequency

48/52
0.5

10

ns

%

%

%
MHz
MHz

Load 30pF, 0.6V -
2.2v
VCC/2 switch point

1-14
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TIMING DIAGRAM

H ¢0L/1L0LO6Y1LS
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ST49C103
ST49C104

Printed August 3, 1995

STARTECH

An 22 EXARCompany
PREPROGRAMMED FREQUENCY GENERATOR

DESCRIPTION ]

SOIC Package

The ST49C103 and ST49C104 are mask program-

mable monolithic analog CMOS devices designed to A1 [T [ 74] A0
generate up to 8 single frequency outputs from a

single input clock. The ST49C104 will provide eight relzfl o [BJne
different output frequencies and the ST49C103 will LEN [3] O [ 12] Avce
provide four different output frequencies. They are AGND [4] 3 1] bvec
designed in a 1.2u process to achieve 80 MHz. O

The ST49C103 and ST49C104 are designed to re- DGND [ 5 | 2 [ 10] cLko
place existing video clocks generated from individual XTAL1 [6] 1%} | 9] cLk2
oscilla.tors inorder to rec_iuce poard space and nun}ber XTAL2 [7] 57 oLk
of oscillators. To provide high speed and low jitter B

clock, the parts utilize a high speed analog CMOS
phase locked loop using 14.318 MHz system clock as
the reference clock (note that reference clock can be
changed to generate optional frequencies from a
standard programmed device). The programmed
clock outputs are selectable via three address lines
and address latch enable pin. The ST49C104 also
includes a power on reset circuit which will cause the
select logic to select the frequency at address “000”
upon power up. The latch enable pin is also mask
programmabile to be active high, active low orrising or
falling edge sensitive.

| 8] A0
[ 7] NC.
| 6] vce
5] cLko

ST49C104CF8

FEATURES ]

* Can replace up to 8 oscillators/crystals and a
multiplexer

* Pin-to-pin compatible to Avasem AV9103/104

* Programmable analog phase locked loop

» Low power single 5V CMOS technology

* 8 or 14 pin DIP or SOIC package.

ORDERING INFORMATION -| A © | 8] A0
L

Part number Package Operating temperature GND Q (7] Ne.
ST49C103CP8 Plastic-DIP 0° C to +70° C XTAL1 §§ 6] vce
ST49C103CF8 solic 0° C to +70° C XTAL2 % 5] owo
ST49C104CP8 Plastic-DIP 0° C to +70° C

ST49C104CF8 SOIC 0° C to +70° C

ST49C104CP14 Plastic-DIP 0°C to +70° C

ST49C104CF14 SOIC 0° C to +70° C

Rev. 1.0 1-17




ST49C103/104

ST49C103/104

BLOCK DIAGRAM

XTAL1
XTAL2

—| CLK1
| CLK2

Oscillator Output |
Circuit Mux
Progy‘ Phase | Charge Loop Voltage n Programfnable
ounter Detector Pun 1 Filter Controled | C
B P Oscillator ” C
Programmable Voltage
Counter Reference
A Circuit
Rom Table
Select
Logic
B=5...128
A=5...128
C=1,24
? =2
<
2
$ S

CLOCK



ST49C103/104

SYMBOL DESCRIPTION (ST49C104 14 pin package)

A1 1 Frequency select address input 2.

A2 2* Frequency select address input 3.

LEN 3* Address latch enable input. To latch selected programmed
clock output.

AGND 4 Analog grgund.

DGND 5 Digital ground.

XTAL1 6 Crystal or external clock input. A crystal can be connected
to this pin and XTAL2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.

XTAL2 7 Crystal output.

CLK1 8 External clock 1 input.

CLK2 9 External clock 2 input / output select.

CLKO 10 Programmed output clock.

DvCC 11 Digital supply voltage. Single +5 voits.

AVCC 12 Analog supply voltage. Single +5 volts.

N.C. 13

A0 14 Frequency select address input 1.

* Have internal pull-up resistors on inputs.

H yoL/ECLO6V1S



ST49C103/104

ST49C103/104

SYMBOL DESCRIPTION (ST49C104 8 pin package)

~ Symbol Pin signal Type ~ PinDescription

Al 1 | Frequency select address input 2.

A2 2" | Frequency select address input 3.

GND 3 (o] Digital ground.

EXCLK 4 | External clock input. Internal phase locked loop reference
clock .

CLKO 5 (©) Programmed output clock.

VvCC 6 | Digital supply voltage. Single +5 volts.

N.C. 7

AO 8 I Frequency select address input 1.

* Has internal pull-up resistor on input
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SYMBOL DESCRIPTION (ST49C103 8pin package)

Symbol Pin Signal Type _Pin Description

A1 1 | Frequency select address input 2.

GND 2 (@] Digital ground.

XTALA1 3 | Crystal or external clock input. A crystal can be connected
to this pin and XTAL2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.

XTAL2 4 (e} Crystal output.

CLKO 5 (®) Programmed output clock.

VCC 6 | Digital supply voltage. Single +5 volts.

N.C. 7

A0 8 | Frequency select address input 1.

1-21
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ST49C103/104

EXTERNAL CLOCK CONNECTION

To minimize the noise pickup , it is recommended
to connect 0.047uF capacitor to XTAL1, and keep
the lead length of the capacitor to XTAL1 to a
minimum to reduce noise susceptibility.

FREQUENCY SELECT CALCULATION

The ST49C104 contains an analog phase locked loop
circuit with digital closed loop dividers and a final
output multiplexer to achieve the desired dividing
ratios for the clock output.

The accuracy of the frequencies produced by the
ST49C104 depends on the input frequency and di-
vider ratios. The formula for calculating the exact
output frequency is as follows:

CLKO = (Reference clock) X A/(B X C)

MASK OPTIONS
The following mask options are provided for custom
applications.

» Latch Enable can be edge triggered or level sensi-
tive.

* Latch Enable can be active high or active low.

* Any frequency can be in any decoding position.

* CLK 1 and CLK 2 can be included in decoding table.
* CLK2 can control selection of either CLK 1 or the
internal frequencies.

where A=1,23,........ 127
B=8, 16, 32 64
C=1,2438
FEATURE

8 output frequencies

4 output frequencies

Programmable LEN pin

Clock input only

Crystal or clock input

CLK1, CLK2 available for output mux

XX X X

X

X
X X
X

X
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Address latch (LEN) State
ST49C104-1 Transparent for LEN high
ST49C104-2 Transparent for LEN high
ST49C104-3 Transparent for LEN low

ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mwW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0 V £ 10% unless otherwise specified.

Symbol Parameter ‘ Limits Units Conditions
' Min  Typ Max o
' Input low level 0.8 \
ViH Input high level 2.0 \%
Vou Output low level 04 \ lo.= 8.0 mA
Vou Output high level 2.4 \% lon = 8.0 mA
I Input fow current -350 pA Except crystal
input
I Input high current 1 pA VIN=Vcc
lec Operating current 30 50 mA No load.
DCLK=80MHz
Rin Input pull-up resistance 15 20 25 ke

1-23
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ST49C103/104

AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vce=5.0 V + 10% unless otherwise specified.

‘Parameter
T1 Enable pulse width
T2 Setup time data to enable
Ts Hold time to data enable
Ta Rise time
Ts Fall time
Ts Duty cycle
Te Duty cycle
T7 Jitter 1 sigma
Tr Jitter absolute
Ts Input frequency
To Input clock rise time
T1o Input clock fall time

40

14.318

20
20
10

1.5

48/52
48/52
0.5
12

ns
ns
ns
ns
ns
%
%
%
%

MHz
ns
ns

0.8V -2.0V, 15 pF
2.0V -0.8V, 15pF
1.4V switch point

Vcee/2 switch point
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TIMING DIAGRAM

I I
LEN }{ $
! I

IZ‘
H voL/c0LO6V1S

| |

» e T10 To bl e
CLOCK , /7
ouT | i i

] h \

> € T4 H|+T5 > T7
e Pl |
T6 T6
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ST49C103/104

_A2A1A0 | ST49C104-1 :

: {NOMINAL ACTUAL | NOMINAL
000 Xtal Xtal 25.175 25.280 | 39.000 39.000 | 32.000 32.00 | 25.500 25.500
001 16.257 16.331 | 28.322 28.412 | 25.000 25.000 | 40.00 40.00 | 16.500 16.500
010 Clk2 Clk2 32.514 32.663 | 30.750 30.750 | 50.00 50.00 | 20.750 20.750
011 32.514 32.663 | 36.000 35.795 | 26.250 26.250 1.00 1.002 | 2.500 22.500
100 25.175 25.056 | 40.000 39.822 | 32.000 32.000 N/A 24500 24.500
101 28.322 28.412 | 44.900 44.744 | 25.250 25.250 N/A 19.500 19.500
110 24.000 23.938 | 50.000 50.113 | 31.250 31.250 N/A 15.000 15.000
111 40.000 39.822 | 65.000 65.326 | 37.500 37.500 N/A 14.000 14.000

Input clock frequency = 14.318 MHz
* Input:clock frequency = 16.0 MHz
** Input clock frequency = 8.0 MHz
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STARTECH ST49C106

An 2Z* EXAR Company Printed August 3, 1995
PREPROGRAMMED FREQUENCY GENERATOR

DESCRIPTION ] SOIC Package

The ST49C106 is a mask programmable monolithic

analog CMOS device designed to generate up to 8 A1 1] 4] A0
single frequency outputs from a single input clock. The

ST49C106 is designed in a 1.2u process to achieve n2l2] E 13 NC
80 MHz. LEN [3] (&) 12 Avce
The ST49C106 is designed to replace existing video AGND [4 ] g [11] ovce
clocks generated fromindividual oscillatorsin order to (&)

reduce board space and number of oscillators. To boND [5 | g [10] cLko
provide high speed and low jitter clock, the parts utilize XTAL1 [ 6| 7 [ 9] HALT
a high speed analog CMOS phase locked loop using XTAL2 [ 7] 5] SEL

14.318 MHz system clock as the reference clock (note
that reference clock can be changed to generate
optional frequencies from a standard programmed
device). The programmed clock outputs are select-
able via three address lines and address latch enable
pin. The ST49C106 also includes a power on reset
circuit which will cause the select logic to select the
frequency at address “000” upon power up. The
ST49C106 contains de-glitch circuit so that full clock
cycles are provided whenever the HALT pin stops or
starts the output clock.

Plastic-DIP package

A1 1] ~ 14] A0
A2 [2] Ll [13] N.C.
FEATURES '| enis] 5 e
©
* Can replace up to 8 oscillators/crystals and a AGND [4 | g [11] pvce
m.ultupleger . DGND [5 ] 3 707 cLko
* Pin-to-pin compatible to Avasem AV9106-14 =
* Programmable analog phase locked loop xTAL1 [ 6 | ® 9 ] HALT
* Low power single 5V CMOS technology XTAL2 [7_| [ 8] SEL

* 14 pin DIP or SOIC package.

ORDERING INFORMATION ]
Part number Package Operating temperature
ST49C106CP14 Plastic-DIP 0°C to +70° C
ST49C106CF14 SoIC 0° C to +70° C

Rev. 1.0 1-27
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ST49C106

BLOCK DIAGRAM

~ N
N
g 3
< X
Oscillator Output
Circuit Mux
Progr bl Voltage Programmable
Counter D’::;Zr et (.;:‘a"rge II,'.‘;Z; Controled Count,
B P e Oscillator C
| Programmable Voltage
Counter Reference
A Circuit
Rom Table
Select
Logic
[ —— B=5...128
A=5..128
C=1,24
n o2z~
< R
3 33
<
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ST49C106

SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

A1l 1 | Frequency select address input 2.

A2 2 1 Frequency select address input 3.

LEN 3* | Address latch enable input. To latch selected programmed
clock output.

AGND 4 (@) Analog ground.

DGND 5 (@) Digital ground.

XTAL1 6 | Crystal or external clock input. A crystal can be connected
to this pin and XTAL2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.

XTAL2 7 0] Crystal output.

SEL 8 | Clock level select / CLK1. When HALT is asserted, SEL
selects whether the clock is high or low. This level must be
selected before the clock is halted. SEL pin can be used as
an xternal clock input when HALT is active.

HALT 9 | Start / Stop output clock.

CLKO 10 (@] Programmed output clock.

DvCC 11 | Digital supply voltage. Single +5 volts.

AVCC 12 I Analog supply voltage. Single +5 volts.

A0 14 | Frequency select address input 1.

* Have internal pull-up resistors on inputs.

1-29
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ST49C106

EXTERNAL CLOCK CONNECTION

To minimize the noise pickup , it is recommended
to connect 0.047uF capacitor to XTAL1, and keep
the lead length of the capacitor to XTAL1 to a
minimum to reduce noise susceptibility.

FREQUENCY SELECT CALCULATION

The ST49C106 contains an analog phase locked loop
circuit with digital closed loop dividers and a final
output multiplexer to achieve the desired dividing
ratios for the clock output.

ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature

The accuracy of the frequencies produced by the
ST49C106 depends on the input frequency and di-
vider ratios. The formula for calculating the exact
output frequency is as follows:

CLKO = (Reference clock) X A/(B X C)

where A=1,23,......... 127
B=8, 16, 32 ,64
C=1,2,4,8

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70° C, Vcc=5.0 V + 10% unless otherwise specified.
_Symbol | Parameter . Limits Units Conditions
s Min ~ Typ Max

Vi Input low level 0.8 \%

A\ Input high level 2.0 \%

Vou Output low level 0.4 \% lo.= 8.0 mA

Vor Output high level 2.4 \ lon = 8.0 mA

I Input low current -350 nA Except crystal

. input
I Input high current 1 pA VIN=Vcc
lec Operating current 20 40 mA No load.
DCLK=80MHz
R Input pull-up resistance 15 20 25 kQ2
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0 V £ 10% unless otherwise specified.
Symbol Parameter : Limits | Units _Conditions
‘Min Typ Max
T1 Enable pulse width 20 ns
T2 Setup time data to enable 20 ns
Ts Hold time to data enable 10 ns
Ta Rise time 1.5 3 ns 0.8V - 2.0V, 15pF
Ts Fall time 1.5 3 ns 2.0V -0.8V, 15pF
Ts Duty cycle 40 | 48/52 | 60 % 1.4V switch point
Te Duty cycle 45 | 48/52 [ 55 % Vce/2 switch point
T7 Jitter 1 sigma +0.5 | £0.2 %
Tz Jitter absolute 0.2 | #0.5 %
Ts Input frequency 14.318 32 Mhz
Te Input clock rise time 20 ns
T Input clock fall time 20 ns
A2A1A0 ST49C106-5*
NOMINAL ACTUAL

0 0 0 |39.000 39.000

00 1 25.000 25.000

0 1 0 |30.750 30.75C

011 26.250 26.250

1 0 0 |32.000 32.000

101 25.250 25.250

1 1 0 | 31250 31.250

111 37.500 37.500

H 901L06V1S
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TIMING DIAGRAM

AO0-A2

CLKO

SEL

HALT

CLKO
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STARTECH

An 2 EXARCompany

ST49C107

Printed August 3, 1995

PREPROGRAMMED CPU MOTHER BOARD FREQUENCY GENERATOR

DESCRIPTION ]

The ST49C107 is a mask programmable monolithic
analog CMOS device designed to generate two simul-
taneous clocks. One clock is either the BCLK (buff-
ered reference clock) or programmable. The other
clock (called CLOCK or 2XCLOCK in different ver-
sions) is programmable only. The output frequency
can vary from 2 to 100MHz, with up to 16 single
selectable preprogrammed frequencies stored in
internal ROM.

The ST49C107 is designed to replace existing CPU
mother board clocks generated from individual oscil-
lators in order to reduce board space and number of
oscillators. To provide high speed and low jitter clock,
the parts utilize a high speed analog CMOS phase
locked loop using 14.318 MHz system clock as the
reference clock (note that reference clock can be
changed to generate optional frequencies from a
standard programmed device). The programmed
clock outputs are selectable via four address lines (
two address lines for ST49C107-05).

FEATURES ]

* Provides reference clock and synthesized clock
* 5 to 32MHz input reference frequency

* Pin-to-pin compatible to Avasem AV9107

* Programmable analog phase locked loop

* Low power single 5V CMOS technology

* Up to 16 frequencies stored internally

* 8/14 pin DIP or SOIC package.

SOIC Package

Al 1] 14] AO
A2 E 13] BCLK
A3 ) 12] vce
~
AGND [ 4 | = 11] cLOCK
(6]
DGND [ 5 | g 10] CE2
|_

PD* %) 9] OE1
XTAL1 8 ] XTAL2
ST49C107CF-03
A1 14] A0

A2 s 13 ] 1XCLK
A3 % 12 ] vece
N~
AGND = 1] 2XCLK
(@]

DGND [ 5 | g 10 ] CE2
'_
PD* 9] 9 ] OE1
XTAL1 8 ] XTAL2
ST49C107CF-04

| 8 | BCLK
77 vee

E CLOCK

ORDERING INFORMATION ]
Part number Package Operating temperature
ST49C107CP8 Plastic-DIP 0°C to +70° C
ST49C107CF8 SOIC 0° C to +70° C
ST49C107CP14 Plastic-DIP 0°C to +70° C
ST49C107CF14 SOIC 0° C to +70° C
Rev. 1.0
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ST49C107

BLOCK DIAGRAM

3 3
< =< ~ fa)
Ky R
S 8§ 8
Oscillator Output
Circuit Buffer | .
Pr u(s:: Phase Charge Loop Voltage Programmable
ounter Detector [ Pum, Filter Controled ¢
B P Oscillator c
s
Programmable Voltage
Counter Reference
A Circuit
Rom Table
Select
Logic
- B=5...128
A=S5....128
C=1,24
)
I
S
<
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ST49C107

SYMBOL DESCRIPTION (ST49C107-03 package)

Symbol Pin signal Type | Pin Description

A1 1* | Frequency select address input 2.

A2 2" | Frequency select address input 3.

A3 3* | Frequency select address input 4.

AGND 4 O Analog ground.

DGND 5 (0] Digital ground.

PD 6* | Power-Down (Active low). Shuts off chip when low.

XTAL1 7 | Crystal or External Clock input. A crystal can be connected
to this pin and XTAL2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.

XTAL2 8 (0] Crystal output.

OE1 9* | Buffered clock Output Enable (Active high). BCLK outputis
three stated when this pin is low.

OE2 10* | Clock Output Enable (Active high). CLOCK output is three
stated when this pin is low.

CLOCK 11 (@) Programmed output clock.

VCC 12 | Positive supply voltage. Single +5 volts.

BCLK 13 (©) Buffered crystal clock output.

AO 14* | Frequency select address input 1.

* Have internal pull-up resistors on inputs.

L0LO6V1S
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'ST49C107

SYMBOL DESCRIPTION (ST49C107-04 package)

 Symbol Pin | signal Type

A1 1* | Frequency select address input 2.

A2 2* | Frequency select address input 3.

A3 3* | Frequency select address input 4.

AGND 4 0] Analog ground.

DGND 5 (o] Digital ground.

PD 6* | Power-Down (Active low). Shuts off chip when low.

XTAL1 7 | Crystal or External Clock input. A crystal can be connected
to this pin and XTALZ2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTALZ2 is left open or used as buffered clock output.

XTAL2 8 (o] Crystal output.

OEA1 9* | 1X-CLOCK Output Enable (Active high). 1X-CLOCK output
is three stated when this pin is low.

OE2 10* | 2X-CLOCK Output Enable (Active high). 2X-CLOCK output
is three stated when this pin is low.

2XCLK 11 (0] Programmed output clock.

VCC 12 | Positive supply voltage. Single +5 volts.

1XCLK 13 (0] 2X-CLOCK Divide-by-two output.

A0 14* I Frequency select address input 1.

* Have internal pull-up resistors on inputs.
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SYMBOL DESCRIPTION (ST49C107-05 package)

H L0LO6V1S

Symbol Pin ;Signél’ Type ;7 Pin Description

AO 1 I Frequency select address input 1.

A1 5 | Frequency select address input 2.

GND 2 (0] Supply ground.

XTAL1 3 | Crystal or External Clock input. A crystal can be connected
to this pin and XTAL2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.

XTAL2 4 (o] Crystal output.

CLOCK 6 (0] Programmed output clock.

VCC 7 | Positive supply voltage. Single +5 volts.

BCLK 8 (o) Buffered crystal clock output.

EXTERNAL CLOCK CONNECTION

To minimize the noise pickup , it is recommended
to connect 0.047uF capacitor to XTAL1, and keep
the lead length of the capacitor to XTAL1 to a
minimum to reduce noise susceptibility.

FREQUENCY SELECT CALCULATION

The ST49C107 contains an analog phase locked loop
circuit with digital closed loop dividers and a final
output multiplexer to achieve the desired dividing
ratios for the clock output.

The accuracy of the frequencies produced by the
ST49C107 depends on the input frequency and di-
vider ratios. The formula for calculating the exact
output frequency is as follows:

“where A=5,

CLOCK = (Reference clock) X A/(B X C)

For proper output frequency, the ST49C107 can ac-
cept a reference frequency from 5 - 32 MHz and
divider ratio up to 15.
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ST49C107

ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0 V + 10% unless otherwise specified.

A

7 Volts

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C
500 mw

Symbol Parameter e Limits Units |
: SR Min Typ Max o
\/ Input low level 0.8
Vi Input high level 2.0
VoL Output low level 0.4
VoH Output high level 24
I Input low current -10
I Input high current 1
lec Operating current 45 55
Iss Standby current 25
R Input pull-up resistance 500 900 | 1300

lo.= 8.0 mA

lon = 8.0 mA

Exc. crystal input
VIN=Vcc

No load.
CLOCK=100MHz
No load.
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

| Symbol | Parameter .
T4 1X, 2X-CLOCK rise time
T2 1X, 2X-CLOCK fall time
Ta Duty cycle 40
Ts Duty cycle 45
Ts Jitter 1 sigma
Ts Jitter absolute
T Input frequency 2
Tz Buffered clock rise time
Ts Buffered clock fall time

48/52
48/52
10.5

+3

60
55
12
15

32

20

ns

ns

%
%
%
%

MHz
ns
ns

CL=20pF 0.8V -
2.0V

CL=20pF 2.0V -
0.8V

1.4V switch point
Vce/2 switch point

CLOCK OUTPUT TABLE FOR ST49C107-03 (us-
ing 14.318 MHz input. All frequencies in MHz).

- A3A2A1A0 CLOCK
0000 16.00
0001 40.01
0010 50.11
0011 80.01
0100 66.58
0101 100.23
0110 8.02
0111 4.01
1000 8.02
1001 20.00
1010 25.06
1011 40.01
1100 33.29
1101 50.11
1110 4.01
1111 2.05

CLOCK OUTPUT TABLE FOR ST49C107-04 (us-
ing 14.318 MHz input. All frequencies in MHz).

1;.‘>1_;4 ]
e
>

- e ek E L ARl a0 0000000

- 00,0~ 0~,r0-~-0—~0-~0

80.02
66.62
50.11
40.01

100.23
33.31
32.01
25.06
64.02

2X-Input
3X-Input
8X-Input
0.5X-Input
0.25X-Input
120.00
129.96

40.01
33.31
25.06
20.00
50.11
16.66
16.00
12.47
32.01
1X-Input
1.5X-Input
4X-Input
0.25X-Input
0.125X-Input
60.00
64.98
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ST49C107

CLOCK OUTPUT TABLE FOR ST49C107-05 (us-
ing 14.318 MHz input. All frequencies in MHz).

o | cLock
00 | 4001
01 | 5011
10 | 6661
11 | 8001

TIMING DIAGRAM

/7
1/
4%
T

1X-CLOCK , ,
2X-CLOCK | |
CLOCK : i
> le-T1 > T2 > 4T3
PP
5 T4
BCLK K ﬁ
| |
| |
> T8 7 »l e
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STARTECH ST49C154

An 2 EXARCompany Printed August 3, 1995
PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR

SOIC Package
GENERAL DESCRIPTION ] 9
The ST49C154 is a monolithic analog CMOS device 1.8 MHZ [16] A0
designed to generate upto six simultaneous clock
outputs for mother board and disk drive applications. XTALZ [15] At
It is designed in a 1.2u process to achieve 100 MHz XTAL1 [ 14] 2xCLK

operation with low clock jitter. vee
The ST49C154 may be used to replace existing BUS,
1/0O, and disk drive clocks generated from individual
oscillators so that board space and number of oscil- 24 MHZ
lators are reduced. The high speed analog CMOS
phase locked loops use the 14.318 MHz system clock
or external crystal connected between XTAL1 and AGND [ 8 | ERRE
XTAL2 as the reference clock (reference clock can be
changed to generate non-standard frequencies from
the standard programmed device).

The ST49C154 is metal mask programmable to pro-
vide any custom set of CPUCLK frequencies. The
programmed clock outputs are selectable via four

[13] vee
[12] eND
[11] 143 MHZ
10] A2

ST49C154CF16-27

address lines for 1XCLK / 2XCLK outputs. The CPU A0 [1] 6] A1
clock makes glitch-free transitions from one fre- XTAL2 [2 ] = 15 . 2XCLK
quencyto t_hg ngxt and follows Intel’s processors input XTAL [3] ‘(é 4] 1XCLK
clock specification. L
vce [4 g [13] vce
owE| § [@ow
24MHZ [6 ] g (117 143MHZ
FEATURES | swz [T) @ o) w
AGND [8 [ 9] PD*
* Pin -to-pin compatible to AV9154
* Compatible with 286, 386, and 486 CPUs
» Supports Turbo modes
* Generates communications clock, keyboard
clock, floppy disk clock, system reference clock,
bus clock and CPU clock
» Skew controlled 2X and 1X clocks
* Programmable analog phase locked loop A2 [1] 16] A0
« High speed (up to 100 MHz output) XTAL2 [Z] 9 5] A1
* Low power single 3V / 5V CMOS technology ©
* 16 pin dip or SOIC package XTAL1 (3] e [14] 1xcK
vee [4 ] Q [13] vce
e}
GND [5 | T [12] GND
ORDERING INFORMATION 8
32MHZ [6 | = E 14.3MHZ
Part number Package Operating temperature 8MHZ [7 ] @ 10] A3
ST49C154CP16-xx Plastic-DIP 0° C to +70° C AGND [8 9] PD"

ST49C154CF16-xx SOIC 0° C to +70° C

Rev. 1.0 1-41
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BLOCK DIAGRAM
~ ~
= . & 5 &
E B A 8 R )
& AR &
Oscillator Clock Output - [
Circuit Buffer Buffers | _
Programmable Voltage Programmable
Counter D’Z:;Zf el C;::;ge I{i:;g Controled Counter
B P Oscillator [
Programmable B=S....128 Voltage
Counter A=5...128 Reference
A C=1,2,4 Circuit
Rom Table
A0-A3 |— Select
/ Logic R é .
R .
‘ §~ g 2
.. () .3 S
Divide Voltage 2R
By 17 Reference S0
Counter Circuit —
Divide Voltage Programmable
By 114 DZ':::’ T C;:z;ge ] f’iol:epr Controled Counter
Counter P Oscillator C

* a Subset of these frequencies is available in each option
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SYMBOL DESCRIPTION

Hi'Pﬁqugﬁﬁpﬁbﬁiuw

*TALZ
XTAL1
VvCC
GND
AGND

AO
A1
A2
A3

PD*

OE
PDCPU

PDREF

4,13

5,12

(o)
|

o O

Crystal (;utput.

Crystal or External clock input.

Digital supply voltage. Single +3 / +5 volts.
Digital signal ground.

Analog ground.

CPU clock frequency select address 0.
ST49C154-4, -6, -16, -26, -60 > pin 1.
ST49C154-5, -10, -25, -27 > pin 16.

CPU clock frequency select address 1.
ST49C154-4, -6, -16, -26, -60 > pin 16.
ST49C154-5, -10, -25, -27 > pin 15.

CPU clock frequency select address 2.
ST49C154-4, -26, -27 > pin 10.
ST49C154-5, -25 > pin 1.

ST49C154-6, -16, -60 > pin 15.

CPU clock frequency select address 3.
ST49C154-5, -25 > pin 10.

Power down ( active low ). Shuts off entire chip when low.
ST49C154-4, -5, -25, -26 > pin 9.

Output enable (active high / internal pull-up). Three states
outputs when low.
ST49C154-27 > pin 9.

Power down (active high ). Shuts off 2XCLK output when
high.
ST49C154-6, -16, -60 > pin 10.

Power down ( active high ). Shuts off the 14.318 MHz
reference clock output.
ST49C154-6, -16, -60 > pin 9.

H 14° 13015 AR
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ST49C154

SYMBOL DESCRIPTION

' ‘Symbol

‘Pin

signal Type |

_ PinDescription |

PDCLK*

1XCLK

2XCLK
1.846 MHz
8 MHz

12 MHz

14.318 MHz

16 MHz

24 MHz

32 MHz

Power down (active low). Shuts offthe 1.846 MHz, 8 MHz,
16 MHz, and 24 MHz clock outputs.
ST49C154-10 > pin 9.

Selectable CPU clock output.
ST49C154-4, -5, -6, -10, -16, -25, -60 > pin 14.

Selectable 2X-CPU clock output.
ST49C154-4, -6, -60 > pin 15.
ST49C154-27 > pin 14.

1.846 MHz clock output.
ST49C154-10 > pin 7.
ST49C154-27 > pin 1.

8 MHz clock output.
ST49C154-4, -5, -25 > pin 7.
ST49C154-10 > pin 1.

12 MHz clock output.
ST49C154-16, -26, -27 > pin 7.

14.318 MHz reference clock output.
ST49C154-4, -5, -6, -16, -25, -27, -60 > pin 11.
ST49C154-10 > pin 10.

16 MHz clock output.
ST49C154-5, -10 > pin 6.

24 MHz clock output.
ST49C154-4, -6, -16, -26, -27, -60 > pin 6.
ST49C154-10 > pin 11.

32 MHz clock output.
ST49C154-25 > pin 6.
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SYMBOL DESCRIPTION (ST49C154-22 with 25 MHz reference frequency)

- Symbol Pin 1 SlgnaIType _i Pm béégﬁbti’oﬁ

128 kHz * (0] 128 kHz clock output. i
ST49C154-6, -60 > pin 7.

XTAL2 2 (o] Crystal output.

XTAL1 1 | Crystal or External clock input.

VCC 3,10,13 | Digital supply voltage. Single +3 / +5 volts.

GND 4,12 (o] Digital signal ground.

AGND 7 (@] Analog ground.

20 MHz 15 (0] 20 MHz clock output.

24 MHz 5 (o] 24 MHz clock output.

25 MHz 11 o 25 MHz clock output.

32 MHz 6 o 32 MHz clock output.

40 MHz 14 0] 40 MHz clock output.

H 14° 1301 AR
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ST49C154

ST49C154 ACTUAL OUTPUT FREQUENCIES (using 14.318 MHz input. All frequencies in MHz).

_A3A2A1A0 | CLK | CLK
0000 | 215 | 1611 [PDCPU | 16.11 | 215 | 7517 | 8.182
0001 | 818 | 2005 | 4009 | 20.05 | 818 | 31.94 | 16.11
0010 |1611 | 2506 | 50.11 | 25.06 | 16.11 |60.136* | 20.05
0011|2005 | 3324 | 6648 | 3341 | 20.05 | 40.09 | 25.06
0100 |2506 | 40.09 40.09 | 25.06 | 5011 | 33.24
0101 |3324 | 5011 50.11 | 33.24 | 66.48* | 40.09
0 110 | 4009 | 66.48 66.48* | 40.09 | 80.18* | 50.11
0111 | 5011 | 80.18 80.18* | 50.11 | 51.90 | 66.48*
1000 | 430 4.30
100 1 | 1611 16.11
1010 | 3222 32.22
1.0 1 1 | 40.09 40.09
1100 | 50.11 50.11
1101|6648 66.48"
1110 |80.18 80.18
111 1 |100.23* 100.23*
e 800 | 0128 | 1.846 | 1200 | 800 | 1.846 | 0.128
Clocks 14318 | 14.318 | 8.00 | 14318 | 14.318 | 12.00 | 14.318
16.00 | 24.00 | 14318 | 2400 | 32.01 | 14.318 | 24.00
16.00 24.00
24.00

ST49C154-04, -26 ACTUAL OUTPUT FREQUENCIES (using 14.318 MHz input. All frequencies in MHz).

A2A1A0 | 2XCLK | 1XCLK
000 |10023 | 5011
001 | 80.18 | 4009 :
010 | 6648 | 3324 XTAL2 [1] 16] NC.
011 50.11 25.06 XTAL1 [2] g [15] 20 MHZ
100 | 4009 | 2005 &
: VvCC | 3 ~ 14 | 40 MHZ
101 | 3222 | 16.11 5 e
110 | 2423 | 1212 GND [4 u&g 73] vee
111 15.75 7.88 24MHZ [5] 5 |[Zen
e 8.00,  12.00% Mz 18 E L 2502
Clocks 24.00 AGND [7 ] [ 10] vee
14.318 NC. [8] [ 9] NC.

*These selections will only operate at 5V.
** ST49C154-26 only
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(9]
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IS
ABSOLUTE MAXIMUM RATINGS
Supply voltage 7 Volts ‘
Voltage at any pin GND-0.3V to VCC+0.3V 1
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mwW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0 V £ 10% unless otherwise specified.

. Symbol Parameter { Limits:

- - — — Min Typ Max |
Vi Input low level 0.8 \
ViH Input high level 2.0 \
Voo Output low level 04 \) loo=4.0 mA
Von Output high level 24 \% lon = -8.0 mA
I Input low current -5 pA VIN=0V
I Input high current 5 pA VIN=Vcc
lec Operating current 45 60 mA No load.
Iss Stand by current 15 uA Power down.
Isc Short circuit current 25 40 mA Each output clock
Ci Input capacitance 10 pF Except Xtal1,2
C. Load capacitance 20 pF

A2 [16 ] A0 A0 [(1] [16] A1

[15] A1 XTAL2 [ 2]
14] 1XCLK XTAL1
13] vce vee [4]
12] GND GND [ 5}
1] 143 MHZ 24MHZ [6 |

[ 15] A2
[14] 1XCLK

[13] vee
[12] GND
[11] 143MHZ

ST49C154CF16-05
ST49C154CF16-06

8 MHZ 10] A3 128 kHZ 10] PDCPU
AGND [ 8] 9 ] PD* AGND [ 8] 9 ] PD*
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- ST49C154

AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V + 10% unless otherwise specified.

A

‘Symbol | Paramete'r ' b Lir’h'it‘é ) U‘n'i‘ts; - COndltlons
Ta Rise time 1 2 ns 15pF load 0.8 to
2.0V
Ts Fall time 1 2 ns 15pF load 0.8 to
2.0V
Te Duty cycle 40 | 48/52 | 60 % 15pF load
Tr Reference clock duty cycle 40 | 48/52 | 55 %
Tr Frequency transition time 20 ms From 2-20MHz
Te Power up time 15 ms From off to 50MHz
Ti Input frequency 14.318 MHz
Tus Jitter, 1 sigma +0.5 +2 % All frequencies
Toa Jitter, absolute +2 +5 % All frequencies
Ts Input frequency 14.318 MHz
Te Input clock rise time 20 ns
T Input clock fall time 20 ns
Te Enable pulse width 20 ns
Ts Clock skew berween 1XCLK 0.5 1.0 ns
and 2XCLK
8MHZ [1 ] [ 16] AO AO 116 ] A1
XTAL2 = 15 ] A1 XTAL2 © 151 A2
XTAL1 E [14] 1XCLK XTAL1 E 14 1XCLK
vee [4] Q 73] vee vee Q 13 ] vee
wv [{p}
GND [5 | 5 [ 12] GND GND 5 | 12] GND
16 MHZ [6] Sr_’ (71] 24 MHZ 24MHZ [6] E (1] 143MHZ
1.8 MHZ ”n [10] 143 MHZ 12 MHZ *n 10] PDCPU
AGND [ 8] | 9 | PDCLK* AGND [ 8] E PDREF
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ABSOLUTE MAXIMUM RATINGS

Supply voltage 7 Volts
Voltage at any pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C

Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=3.3 V £ 10% unless otherwise specified.

Parameter

Vi Input low level 0.15vVCC \
0 Input high level 0.7vCC \
Vou Output low level 0.4 \% lo.= 8.0 mA
Von Output high level VCC-0.4 \ lon = -4.0 mA
I Input low current -5 -5 A VIN=0
I Input high current -5 5 pA VIN=Vcc
lec Operating current 20 mA No load.
Iss Stand by current 15 Power down.
Ci Input capacitance 10 pF Except Xtal1,2
C. Load capacitance 30 pF

Ao [1] 16 ] A1 A0 [1] [16] A1

ST49C154CF16-26

[15] 2XCLK
14 1XCLK
[13] vce
[12] GND
11 14.3MHZ
[10] A2

| 9 ] PD*
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ST49C154

AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=3.3 V £ 10% unless otherwise specified.

Symbol Parameter . Limits | Units |
: Min Typ Max |
Tas Rise time 4 ns 15pF load.
Ts Fall time 4 ns 15pF load.
Ts Duty cycle 40 | 48/52| 60 % 15pF load.
Tr Frequency transition time 20 ms From 2-20MHz
Te Power up time 15 ms From off to 50MHz
Tr Output frequency 2 50 MHz
Ts Input frequency 2 [14.318] 32 MHz
Tr Input clock rise/fall time 20 ns
Tus Jitter, 1 sigma +0.5 12 % All frequencies
Toa Jitter, absolute +3 +5 % All frequencies
Te Input clock rise time 20 ns
T1o Input clock fall time 20 ns
Te Enable pulse width 20 ns
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TIMING DIAGRAM

AO-A3

EXTERNAL
CLOCK

1.846 MHz
8 MHz

12 MHz
16 MHz

. 4
—~
©

24 MHz
32 MHz

h

/

v

INES
NN
_.__\\

HII¢T5

»

1XCLK
2XCLK

14.318 MHz

T6

Lt

T6

A

v
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|
» e T5
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STARTECH ST49C155

An 2 AR Company Printed August 3, 1995
PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR

SOIC Package
GENERAL DESCRIPTION -| g
The ST49C155 is a monolithic analog CMOS device o
designed to generate eight simultaneous clock out- okt [1] 201 A
puts for mother board applications. It is designed in a XTAL2 [2] [19] A1
1.2 process to achieve 100 MHz operation with low XTAL1 [3 ] 48] 1XCLK
clock jitter. ovee (4] §§ 7 2xeix
The ST49C155 may be used to replace existing BUS [NEN
and I/O clocks generated fromindividual oscillators so DGND [5 ] g2 6] Avee
that board space and number of oscillators are CLK2 [6] gg [ 75] AGND
reduced. The high speed analog CMOS phase locked 55 CLKG
loops use the 14.318 MHz system clock or external K3 [7 ] [14] CL
crystal connected between XTAL1 and XTAL2 as the CLK4 [8 ] [13] CLKS
reference clock (reference clock can be changed to AGND 9] 2] PO*
generate non-standard frequencies from the standard
programmed device). Ot [10] [11] A2
The ST49C155 is metal mask programmable to pro-
vide any custom set of CPUCLK frequencies. The
programmed clock outputs are selectable via four
address lines for 1XCLK / 2XCLK outputs.
FEATURES
« Can replace multiple oscillators/crystals cLk1 [1] 20] A0
¢ Pin -to-pin compatible to AV9155 XTAL2 [Z [19] A1
* Compatible with 286, 386, and 486 CPUs
) ) A2
* Supports Turbo modes Xt (3] Q e
» Generates communications clock, keyboard pvee [4] 5 [17] 1XCLK
clock, floppy disk clock, system reference clock, DGND [5 ] § 16] AVCC
bus clock and CPU clock by
* Skew controlled 2X and 1X clocks cue (8] § 151 AGND
« Programmable analog phase locked loop CLK3 [7] @ [ 14] CLK6
* High speed (up to 100 MHz output) CLK4 [8] 73] CLKS
* Low power single 5V CMOS technology .
« 20 pin dip or SOIC package AGND [ 9 | 12] PO
OE E 11] A3
ORDERING INFORMATION _I
Part number Package Operating temperature

ST49C155CP20-xx Plastic-DIP 0° C to +70° C
ST49C155CF20-xx SOIC 0° C to +70° C
ST49C155CJ20-xx PLCC 0° C to +70° C

Rev. 1.0
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ST49C155

BLOCK DIAGRAM

A0-A3

] )
3 3
= = = E S %
£ E 8 S © g
Oscillator Clock Output [~
Circuit Buffer Buffers | __
Programmable Voltage Programmable
Counter Dith:;f)r Cl'funrge _— FL‘iol;)p Controled Counter
B p er Oscillator C
Programmable B=5....128 Voltage
Counter A=5....128 Reference
A C=1,2,4 Circuit
| Rom Table l
Select ”
8/ 3 3 % L.
{ g8z
"y SES -
Divide Voltage 2.8
By 17 Reference ]SO
Counter Circuit —
Divide Phase Charge Loop Voltage Programmable
By 114 Det. - Pu - Filter Controled Counter
Counter mp Oscillator

1-54

I1XCLK
2XCLK

OE

CLK1

CLK2

CLK3

CLK4



ST49C155

SYMBOL DESCRIPTION ( ST49C155-01/ -02)

H SS106V1S

— SlgnalTy e v PmDescnptlon =
I (o] 1.8432 MHz clock outbut.r

XTAL2 2 (o] Crystal output.

XTAL1 3 | Crystal or External clock input.

Dvcc 4 l Digital supply voltage. Single +5 volts.

DGND 5 O Digital signal ground.

CLK2 6 o 16 MHz (ST49C155-01 ) or 32 MHz ( ST49C155-02) clock
output.

CLK3 7 (o) 24 MHz floppy disk clock output.

CLK4 8 O 12 MHz keyboard clock output.

AGND 9 (o] Analog ground.

OE 10* (@) Output Enable (active high). Low on this pin sets all the
outputs to three state mode.

A2 1 | CPU clock frequency select address 2.

PD* 12* | Power down ( active low ). Shuts off entire chip when low.

CLK5 13 (o) 14.318 MHz reference clock output.

CLK6 14 (o] 14.318 MHz reference clock output.

AGND 15 O Analog ground.

AVCC 16 | Analog supply voltage. Single +5 volts.

2XCLK 17 | 2X CPU clock output.

1XCLK 18 1 1X CPU clock output.

A1 19 | CPU clock frequency select address 1.

A0 20 | CPU clock frequency select address 0.

*Have internal pull-up resistor on inputs
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ST49C155

SYMBOL DESCRIPTION ( ST49C155-03)

: » Symbol 1 - Pin ‘. Sighgl Type | Pin Derscrip_t‘io‘n'

CLK1 1 | O 6 MHz clock output. | |

XTAL2 2 o Crystal output.

XTAL1 3 | Crystal or External clock input.

DvVCC 4 | Digital supply voltage. Single +5 volts.

DGND 5 O Digital signal ground.

CLK2 6 C 24 MHz floppy disk clock output.

CLK3 7 o) 16 MHz bus clock output.

CLK4 8 0] 8 MHz keyboard clock output.

AGND 9 0] Analog ground.

OE 10* o) Output Enable (active high). Low on this pin sets all the
| outputs to three state mode.

A3 11 1 CPU clock frequency select address 3.

PD* 12* | Power down ( active low ). Shuts off entire chip when low.

CLK5 13 O 14.318 MHz reference clock output.

CLK®6 14 o) 14.318 MHz reference clock output.

AGND 15 (o] Analog signal ground.

AVCC 16 | Analog supply voltage. Single +5 volts.

1XCLK 17 | CPU clock output.

A2 18 l CPU clock frequency select address 2.

A1l 19 | CPU clock frequency select address 1.

A0 20 I CPU clock frequency select address 0.

*Have internal pull-up resistor on inputs
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CPUCLOCKTABLE FOR ST49C155-01,-02 (using S$T49C155-23 (using 14.318 MHz input. All fre-
14.318 MHz input. All frequencies in MHz). quencies in MHz).

A2A1A0 | 2XCLK | 1XCLK A2A1A0 | 2XCLK | 1XCLK
000 8 4 000 75 375
00 1 16 8 00 1 32 16
010 32 16 010 60 30
01 1 40 20 01 1 40 20
100 50 25 100 50 25
101 | 6666 | 3333 101 | 6666 | 33.33
110 80 40 110 80 40
111 100 50 111 52 26

ST49C155-03 (using 14.318 MHz input. All fre- PERIPHERAL CLOCK TABLE FOR ST49C155-01
quencies in MHz).

A3A2A1AD0 |1XCLK . Sk
' 1.8432| 16 24 12
0000 16
000 1 40
0010 50 PERIPHERAL CLOCK TABLE FOR ST49C155-02
0011 80
0100 | 6666 S —
010 1 100 K2 | CLK3 |
0111 4 1.8432] 32 24 12
1000 8
100 1 20
1010 25 PERIPHERAL CLOCK TABLE FOR ST49C155-03
101 1 40
1100 | 3333
1101 50
1110 4
1111 2 6 24 16 8

PERIPHERAL CLOCK TABLE FOR ST49C155-23

1.843 16 24 12

H G51L06v1S
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ACTUAL OUTPUT FREQUENCIES CPU CLOCK TABLE FOR ST49C155-23
CPU CLOCK TABLE FOR ST49C155-01, -02 A2A1A0 | 2XCLK | 1XCLK
: 000 | 75170 | 37.585
A2A1A0 | 2XCLK | 1XCLK | 0 0 1 | 31.940 | 15.970
' 010 | 60136 | 30.068
000 7.5 3.75 0 1 1 | 40.090 | 20.045
00 1 15.51 7.76 10 0 [ 50113 | 25.057
010 | 3222 | 16.11 10 1 | 66.476 | 33.238
0 1 1 | 4009 | 20.05 11 0 | 80.181 | 40.091
100 | 50.11 25.06 11 1 | 51.903 | 25.952
101 | 6682 | 3341
110 | 80.18 | 40.09
111 | 10023 | 50.11 PERIPHERAL CLOCK TABLE FOR ST49C155-01
CPU CLOCK TABLE FOR ST49C155-03 CLK1| CLK2| CLK3 | CLK4
: 18432 16 | 23.71 | 11.86
A3A2A1A0 |1XCLK |
0000 | 1551 PERIPHERAL CLOCK TABLE FOR ST49C155-02
0 00 1 | 40.09
0010 | 5011 e o
001 1 | 8018 CLK1 | CLK2 | CLK3 | CLK4
0100 | 6682 R =
010 1 |100.23 1.8432 | 32.01 24 12
0110 | 758
0111 | 430
1000 | 776 PERIPHERAL CLOCK TABLE FOR ST49C155-03
100 1 | 2005
1010 | 2506 : — ,
101 1 | 40.09 CLK1 | CLK2 | CLK3 | CLK4
1100 | 3341 ' —t— -
1101 | 50.11 6 24 16 8
1110 | 379
1111 | 215
PERIPHERAL CLOCK TABLE FOR ST49C155-23

CLK1 | cLK2 | cLK3 |cLka

1.843 16 24 12
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ABSOLUTE MAXIMUM RATINGS

Supply voltage
Voltage at any pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

7 Volts
GND-0.3V to VCC+0.3V
0°C to +70°C
-40° C to+150° C
500 mW

Symbol | Parameter. b Limits Units ditions .
Vi Input low level 0.8 \
Vin Input high level 2.0 \Y
Vo Output low level 0.4 \% lo.= 8.0 mA
Vou Output high level 2.4 \% lon = 8.0 mA
I Input low current -1 mA Except pins 2, 10,
12
I Input high current 1 mA VIN=Vcc
lec Operating current 45 65 mA No load.
R Internal pull-up resistance 680 kQ Pins 10,12

FREQUENCY TRANSITIONS

The ST49C155 is designed to provide smooth, glitch-

free frequency transitions on the 1XCLK and 2XCLK

clocks when the frequency select pins are changed.
These frequency transitions are less than 0.1% fre-

quency change per clock period.

1-59
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ST49C155

AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0 V £ 10% unless otherwise specified.

Parameter

~Symbol
Ts Rise time
Ts Fall time
Ts Duty cycle 40
Ts Duty cycle 40
Tr Jitter 1 sigma
T7 Jitter absolute
Ts Input frequency
Ts Input clock rise time
T Input clock fall time

12
15

20
20

MHz

0.8V - 2.0V, 15pF
2.0V - 0.8V, 15pF
1.4V switch point

Vce/2 switch point
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TIMING DIAGRAM

AO0-A3 /

H SSLO6V1S

<+ > T8
| |
EXTERNAL / \ % \
CLOCK ! 4
> 4 T10 o e
CLK1
CLK2 \ [ ‘ /7
CLK3 \ | | i
CLK4 L B v_/}
1XCLK > 7
oK > T4 >l Ts e
B L e
T6 T6
CLK5 ! / \
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STARTECH ST49C158

An 722 EXARCompany Printed August 3, 1995
PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR

SOIC Package
GENERAL DESCRIPTION ] 9
The ST49C158 is a monolithic analog CMOS device 1XCPU [1 ] 24] A0
designed to generate eight simultaneous clock out- XTAL E 53] A1
puts for mother board and green PC applications. Itis
designed in a 1.2u process to achieve 100 MHz XTAL1 [3] [ 22] 2xcPU
operation with low clock jitter. The CPU and 2XCPU pvee [4] (1] cPut
outputs are skew controlled within 250 psec. S
The ST49C158 is designed for desktop and notebook DGND | 5 5 20] pvee
PC’s and supports Energy Star PC’s. The ST49C158 CLK1 [(6 ] 3 19| DGND
can accept 14.318 MHz system clock or external o2 [7] g 78] BCLK
crystal connected between XTAL1 and XTAL2 as the <
reference clock (reference clock can be changed to 1xcPu (8] 5 [17] cPua
generate non-standard frequencies from the standard AGND [ 9] 16| Avce
programmed device).
The ST49C158 is metal mask programmable to pro- oe [10] 18] A2
vide any custom set of 2XCPU frequencies. The cPUs [11] [ 14] 1XCPU
programmed clock outputs are selectable via three DGND [12 ] [13] 1xcPU
address lines for CPU clocks.
DIP Package
FEATURES 1
1XCPU  [1 ] N [24] A0
* Can replace multiple oscillators/crystals XTAL2 Z 3] A1
* Pin -to-pin compatible to ICS9158
» Compatible with 286, 386, and 486 CPUs xTAL1 [3] 2XCPU
» Skew controlled 2X and 1X CPU clocks pvce [4] <« [21] cPu1
* Programmable analog phase locked loop &
« High speed (up to 100 MHz output) DGND 5 | 9 [20] pvee
* Low power single 5V CMOS technology ClK1 [6] w [79] DGND
* Smooth and glitch-free clock transitions lj 8
« 24 pin PDIP or SOIC package clk2 [7 2 18] BOLK
1XCPU [8 ] 9] [17] cPus
AGND [ 9| [16] Avce
OE [10] E] A2
ORDERING INFORMATION ] cPus [11] [14) 1xcpu
DGND [1Z] 73] 1xcpu
Part number Package Operating temperature
ST49C158CP24 Plastic-DIP 0° C to +70° C
ST49C158CF24 SoiC 0° C to +70° C

Rev. 1.0 1-63
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BLOCK DIAGRAM
~
3 3
= = 3
Q
£ K 8
— | IXCLK
Oscillator Clock Output | _ | ik
Circuit Buffer Buffers CPUsx
it [ e | Gharse | | Loon contraed || " Coimter
B mP er Oscillator C
Programmable B=5....128 Voltage
Counter A=S...128 Reference
A 124 Circuit
1 l OE
Rom Table
A0-A2 Select "
. =
| m{-‘gf_—:_*r ] g g —| CLK1
[ g d
S3% || ax
Divide Voltage 28 CLK2
By 17 Reference ]SO
Counter Circuit
Divide Voltage Programmable
By 114 pPhase - CI'I;“arg - ?.:kag Controled Counter
Counter mp Oscillator C
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description
1XCPU | 1 o 1X-CPU clock output.
XTAL2 2 (©) Crystal output.
XTAL1 3 | Crystal or External clock input.
DvCcC 4 | Digital supply voltage. Single +5 volts.
DGND 5 O Digital signal ground.
CLK1 6 o Fixed clock output.
CLK2 7 (0] Fixed clock output.
1XCPU 8 O 1X-CPU clock output.
AGND 9 (0] Analog ground.
OE 10* (0] Output Enable (active high). Low on this pin sets all of the
programmable outputs to three state mode.
CPUS 11 o 1X or 2X CPU clock output.
DGND 12 (0] Digital signal ground.
1XCPU 13 o) 1X CPU clock output.
1XCPU 14 0] 1X CPU clock output.
A2 15* | 1X and 2X CPU clock frequency select address 2.
AVCC 16 | Analog supply voltage. Single +5 volts.
CPU4 17 (e} 1X or 2X CPU clock output.
BCLK 18 (0] Buffered 14.31818 MHz clock output.
DGND 19 0] Digital si;gnal ground.
DvCC 20 | Digital supply voltage. Single +5 volts.

8G106V1S
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SYMBOL DESCRIPTION
symb°| 1 : p.n ’ T
CPU1 | | | 21 B ” 1 1X or 2X CPU clock output.
2XCPU 22 | 2X-CPU clock output.
Al 23* | 1X and 2X CPU clock frequency select address 1.
A0 24> | CPU clock frequency select address 0.

*Have internal pull-up resistor on inputs

ACTUAL OUTPUT FREQUENCIES

CPU CLOCK TABLE FOR ST49C158-03 (using
14.318 MHz input. All frequencies in MHz).

PERIPHERAL CLOCK TABLE CHART FOR
S$T49C158-03 (MHz)

A2A1A0 | 2XCPU cPU |

. 2,367
000 32.00 16.00
001 32.00 16.00 32
010 32.00 16.00 16
011 32.00 16.00 32
100 50.00 25.00 25
10 1 50.00 25.00 50
110 66.67 33.33 33.33
111 60.00 30.00 30

40 24

FREQUENCY TRANSITIONS

The ST49C158 is designed to provide smooth, glitch-
free frequency transitions on the CPU and 2XCPU
clocks when the frequency select pins are changed.
These frequency transitions are less than 0.1% fre-
quency change per clock period.

STOP CLOCK ( Mask Option)

The OE pin can either three state the CPU output
clocks or stop them in the low state without a glitch.
The selection between the two features is done
through a metal mask option.

ST49C158-03 uses the three state option.
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ABSOLUTE MAXIMUM RATINGS

Supply voltage
Voltage at any pin
Operating temperature
Storage temperature

7 Volts

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70°C, V_=5.0V 10% unless otherwise specified.
Symbol Parameter Limits Units Conditions
Min Typ Max
Vi Input low level 0.8 \Y
Viu Input high level 20 \
VoL Output low level 04 \Y lo.= 8.0 mA
Vou Output high level 2.4 V low = -8.0 mA
I Input low current -40 pA Except pins 2, 10
I Input high current 40 pA VIN = Vce
lec Operating current 50 80 mA No load.
Rin Internal pull-up resistance 800 kQ Pin 10
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ST49C158

AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, V_=5.0V  10% unless otherwise specified.

symbol | Parameter

Ts Output rise time 1 2 ns 0.8V - 2.0V, 20pF
Ts Output fall time 1 2 ns 2.0V - 0.8V, 20pF
Te Duty cycle 40 | 48/52| 60 % 1.4V switch point
Tz Jitter 1 sigma +0.5 +2 %

T7 Jitter absolute 12 5 %

Ts Input frequency 7 (14.318] 20 MHz

T Input clock rise time 20 ns

Tsk Clock skew between CPU outputs +100 | =300 ps

TIMING DIAGRAM

- \

< > T8
) i
EXTERNAL / \?\ 'l \
CLOCK I !
|
>l T10 9 -l
CLK1 T <
CLK2 //
CPUx i B a1
2XCPU > € T7
IXCPU »| ¢ T4 Hkrs i
- »< >
T6 T6
|
BCLK } :
|
|
>l ¢

|
> leT5 T4
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STARTECH ST49C214

An 72 EXARCompany Printed August 3, 1995
PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR

SOIC Package

GENERAL DESCRIPTION -I 9
The ST49C214 is a monolithic analog CMOS device XTAL1 [1] 30] DVCC
designed to generate dual frequency outputs from xTAL2 [Z] 151 Dok
sixteen possible combinations for video Dot clock
frequencies and four memory clock frequencies for EXCLKIMA2 [3 ] 18| BCLK
high performance video display systems. The A0 [4] ﬁ E DGND
ST49C214 is a mask option programmable device to O
provide different output frequencies for custom appli- M [5] (% 6] AGND
cations. It is designed with 1.2u process to achieve LEN [6 | Q 15] AvcC
100 MHz speed for high end frequencies. A2 [7] = [74] AGND
The ST49C214 is designed to replace existing video (2
clocks generated from individual oscillators, to reduce A3 [8] [ 13] pvee
board space and number of oscillators. To provide MAO [ 9] [12] MCLK
high speed and low jitter clock, The ST49C214 utilizes
high speed analog CMOS phase locked loop using DGND (10, L] A

14.318 MHz system clock as reference clock (refer-
ence clock can be changed to generate optional
frequencies from standard programmed device) or
external crystal connected between XTAL1 and
XTAL2.

The ST49C214 can provide optional clock frequen-
cies, utilizing single layer metal mask option. The
programmed clock outputs are selectable via four
address lines and address latch enable pin for video
Dot clock selection and two address lines for memory
clock selection.

Plastic-DIP Package

XTAL1 [1] [ 20] pvce
XTAL2 [2] [ 19] DCLK
FEATURES _I EXCLK/MA2 [ 3] 18] BCLK
o
« Can replace multiple oscillators/crystals A0 [4] & [77] oowo
* Pin -to-pin compatible to ICS2494, AV9194 INNIE 8 16] AGND
* Programmable analog phase locked loop N
« High speed (up to 100 MHz output) Len (5] Q  [ElAwc
¢ Low power single 5V CMOS technology A2 7] % E AGND
» 20 pin dip or SOIC package A3 (8] 3] ovee
MAO [9 ] 12] MCLK
DGND (10 11] MA1
ORDERING INFORMATION "|
Part number Package Operating temperature

ST49C214CP20-xx Plastic-DIP 0° C to +70° C
ST49C214CF20-xx SOIC 0° C to +70° C
ST49C214CJ20-xx PLCC 0° C to +70° C
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A0-A3
LEN
MA0-MAL

BLOCK DIAGRAM
~ N
~ ~
3 3 3 3
5K R g
Oscillator Clock Output
Circuit Buffer Mux
Pr bl Voltage Programmable
C3
Counter pvase | || Charge | _j|  Loop Controled Counter
B P er Oscillator C
Programmable B=S....128 Voltage
Counter A=5...128 Reference
A C=1,24 Circuit
Rom Table
Select
Logic
Programmable B=5....128 Voltage
Counter A=S...128 Reference OA“[’P‘“
A C=1,2,4 Circuit ux
Programmable Voltage Programmable
Counter Dl;h::;)r =1 (,;luarge I :.:;::; Controled Counter
B e Oscillator c
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ST49C214

SYMBOL DESCRIPTION

Symbol Pin Signal Type 'Pi‘n”Descriptidn

XTALA1 1 | Crystal or external clock input. A crystal can be c;onnecled
to this pin and XTAL2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.

XTAL2 2 (@) Crystal output.

EXCLK/MA2 3* | External clock input or Memory clock select address 3

AO 4 | Dot clock Frequency select address 1.

A1 5* | Dot clock Frequency select address 2.

LEN 6* I Address latch enable input (active high). To latch selected
programmed clock output.

A2 7 | Dot clock Frequency select address 3.

A3 8* l Dot clock Frequency select address 4.

MAO 9* | Memory clock Frequency select address 1.

GND 10 (@) Digital and Analog ground.

MA1 11* | Memory clock Frequency select address 2.

MCLK 12 O Programmed memory clock output frequency.

DvCC 13 | Digital supply voltage. Single +5 volts.

GND 14 O Digital and Analog ground.

AVCC 15 l Analog supply voltage. Single +5 volts.

GND 16 (@) Digital and Analog ground.

GND 17 (@) Digital and Analog ground.

BCLK 18* (0] Buffered crystal clock output frequency.

DCLK 19 (0] Programmed video clock output frequency.

DvCC 20 | Digital supply voltage. Single +5 volts.

* Have internal pull-up resistor on inputs.

1-71

H 1474011 AR



ST49C214

ST49C214

FREQUENCY SELECT CALCULATION

The ST49C214 contains an analog phase locked loop
circuit with a digital closed loop divider and a final
series divider to achieve desired dividing ratios for
clock output.

The accuracy of the frequencies produced by the
ST49C214 depends on the input frequency and final
output frequency. The formula for calculating the
exact output frequency is as follows:

XCLK = (Reference clock) X A/(B X C)

where A=5,6,7,........ 256
B=5,6,7.,......... 128, AND
C=1,2,3,4,6,12

For proper output frequency, the ST49C214 can ac-
cept reference frequency from 5 - 40 MHz and divider
ratio up to 15.

MASK OPTIONS

The following” mask option are provided for custom
applications.

*Any frequency can be in any decoding position.
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature

7 Volts

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.
Symbol Parameter Limits Units Conditions
Min Typ  Max : :
Vi Input low level 0.8 \)
Vin Input high level 2.0 \%
Vou Output low level 0.4 \% lo.= 8.0 mA
Vou Output high level 2.4 \% lon = 8.0 mA
I Input low current -350 pA Except crystal
input
I Input high current 1 A VIN=Vcc
lec Operating current 35 50 mA No load.
DCLK=80MHz,
MCLK=40MHz
Rin Internal pull-up resistance 15 20 25 kQ
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ST49C214

AC ELECTRICAL CHARACTERISTICS

T,=0° - 70°C, Vce=5.0 V + 10% unless otherwise specified.

A

Symbol | ‘Parameter =~
T Enable pulse width
T2 Setup time data to enable
Ts Hold time to data enable
T4 Rise time
Ts Fall time
Te Duty cycle 40
Te Duty cycle 45
T7 Jitter 1 sigma
Tz Jitter absolute
Ts Input frequency 14.318
Te Input clock rise time
T1o Input clock fall time

48/52
48/52

0.5
12

ns
ns
%
%

%
%
MHz
ns
ns

0.8V - 2.0V, 15pF
2.0V -0.8V, 15pF
1.4V switch point

Vcc/2 switch point
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TIMING DIAGRAM

H 1424015 ARy

AO-A3
MAO-MA1

LEN | J(:
T2 !<—>|
/)

EXCLK

MCLK
DCLK

BCLK

> T8
: :
| |
»l leT10 To »l le
\ /71
L |
> 45 T
6 6 4
| |
»l 710 To e
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ST49C214-1 | ST49C214-2 | ST49C214-3 | ST49C2144 | ST49C2145
Video clock T — - -
address Frequency Frequency Frequency Frequency Frequency
(Hex) (MHz) (MHz) (MHz) (MHz) (MHz)
0 XTAL 30.000 25.175 20.000 50.350
1 65.028 77.250 28.325 24.000 56.644
2 EXCLK EXCLK 85.000 32.000 65.000
3 36.000 80.000 44.900 40.000 72.000
4 25.175 31.500 40.000 50.000 80.000
5 28.322 36.000 48.000 66.667 89.800
6 24.000 75.000 50.000 80.000 63.000
7 40.000 50.000 81.150 100.000 75.000
8 44.900 40.000 25.175 54.000 25.175
9 50.350 50.000 28.325 70.000 28.322
A 16.257 32.000 37.500 90.000 31.500
B 32.514 44.900 44.900 110.000 36.000
C 56.644 25.175 40.000 25.000 40.000
D 20.000 28.322 32.500 33.333 44.900
E 41.539 65.000 50.000 40.000 50.000
F 80.000 36.000 65.000 50.000 65.000
Memory Frequency Frequency Frequency Frequency Frequency
clock (MHz) (MHz) (MHz) (MHz) (MHz)
address
(Hex)
0 32.900 36.000 36.000 16.000 40.000
1 35.600 44.347 40.000 24.000 41.612
2 43.900 37.500 45.000 50.000 44.744
3 49.100 44.773 50.000 66.667 50.000
Compatible with  1CS-236 ICS-242 ICS-231 ICs-244 1ICS-237
AV-36 AV-42 AV-44
Video Controller  GD6410 WD90C30 ET4000 ET4000
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ST49C214-6 | STA9C214-8 | ST49C214-9 | ST49C214-10 | ST49C214-16
Video clock : B E— : ~
address Frequency Frequency Frequency Frequency Frequency
(Hex) (MHz) (MHz) (MHz) (MHz) (MHz)
0 25.175 25.175 25175 30.250 XTAL
1 28.322 28.322 28.322 65.000 16.257
2 40.000 40.000 40.000 85.000 EXCLK
3 65.000 32.500 EXCLK 36.000 32.514
4 44.900 50.000 50.000 25.175 25175
5 50.000 65.000 77.000 28.322 28.322
6 130.000 38.000 36.000 34.000 24.000
7 75.000 44.900 44.889 40.000 40.000
8 25.175 31.500 130.00 44.900 XTAL
9 28.322 36.000 120.00 50.350 16.257
A EXCLK 80.000 80.000 31.500 EXCLK
B EXCLK 63.000 31.500 32.500 36.000
Cc 60.000 50.000 110.00 63.000 25175
D 80.000 100.000 65.000 72.000 28.322
E EXCLK 76.000 75.000 75.000 24.000
F EXCLK 110.000 72.000 80.000 40.000
Memory Frequency Frequency Frequency Frequency Frequency
clock (MHz) (MHz) (MHz) (MHz) (MHz)
address
(Hex)
0 50.000 70.000 55.000 36.000 31.000
1 60.000 63.830 75.000 44.000 36.000
2 65.000 60.000 70.000 49.000 43.000
3 75.000 81.000 80.000 40.000 49.000
Compatible with  1CS-253 ICS-263 1CS-256 ICS-266 ICS-247
AV-56
Video Controller NCR77C22E HT216 S3/86C911 GDS5410 GDS5320
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' ST49C214-
Video clock [——
address Frequency Frequency Frequency Frequency Frequency
(Hex) (MHz) (MHz) (MHz) (MHz) (MHz)
0 25175 25175 25.175 50.350 25.175
1 28.322 28.322 28.322 56.644 28.322
2 28.636 40.000 40.000 33.250 40.000
3 36.000 EXCLK EXCLK 52.000 72.000
4 40.000 50.000 50.000 80.000 50.000
5 42.954 77.000 77.000 63.000 77.000
6 44.900 36.000 36.000 EXCLK 36.000
7 57.272 44.889 44.889 75.000 44.900
8 60.000 130.00 130.00 25.175 130.00
9 63.960 120.00 120.00 28.322 120.00
A 75.000 80.000 80.000 31.500 80.000
B 80.000 31.500 31.500 36.000 31.500
C 85.000 110.00 110.00 40.000 110.00
D 99.000 65.000 65.000 44.900 65.000
E 102.00 75.000 75.000 50.000 75.000
F 108.00 94.500 94.500 65.000 94.500
Memory Frequency Frequency Frequency Frequency Frequency
clock (MHz) (MHz) (MHz) (MHz) (MHz)
address
(Hex)
0 64.000 45.000 55.000 40.000 55.000
1 40.830 38.000 75.000 33.333 65.000
2 48.000 52.000 70.000 44.000 70.000
3 60.000 50.000 80.000 50.000 80.000
4 45.000
5 40.000
6 60.000
7 50.000
Compatible with  1CS-240 ICs-275 ICS-305 ICS-260 CH9294-G
AV-07
Video Controller T1/34010/20 S3/801/805 S3/924 WEITEK S3/801/805
W5186
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ST49C214-26 ST49C214-27
Video clock
address Frequency Frequency
(Hex) (MHz) (MHz)
0 25.175 75.000
1 28.322 80.000
2 36.000 85.000
3 65.000 90.000
4 44.900 95.000
5 50.000 100.00
6 80.000 105.00
7 75.000 110.00
8 56.644 115.00
9 63.000 120.00
A 72.000 125.00
B 130.00 130.00
C 90.000 135.00
D 100.00 140.00
E 110.00 145.00
F 120.00 150.00
Memory Frequency Frequency
clock (MHz) (MHz)
address
(Hex)
0 50.000 40.000
1 60.000 45.000
2 65.000 50.000
3 75.000 55.000
4 60.000
5 65.000
6 70.000
7 75.000

Compatible with ICS-277
AV-46
Video Controller NCR77C22E+

*=The External clock input pin has been changed to MA2 to privide four additional preprogrammed memory clock
selections. When Pin-3 of the ST49C214-25 is connected to ground it is downward compatible to standard
ST49C214-XX. This pin contains internal pull-up resistor.
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STARTECH ST49C418

An 22° EXARCompany Printed August 3, 1995
PREPROGRAMMED STEREO CODEC’s CLOCK SYNTHESIZER

DESCRIPTION SOIC Package
The ST49C418 is a mask programmable monolithic
analog CMOS device, designed to replace existing REFCLK ® [ 8] GND
dual crystals/oscillators with single frequency clock vee § 7] vee
input. The ST49C418 provides high speed and low §
jitter clock outputs for multi-media stereo codecs. oo [3f g [elow
The ST49C418 interfaces to Analog Devices’s CLKA [[4] @ | 5] CLKkB

AD1848 and Crystal Semiconductor's CS4231 stereo
codecs. The ST49C418 provides 16.934 and 24.576
MHz clock outputs utilizing the 14.318 MHz clock
input.

ST49C418 is designed in a 1.2u process to achieve
upto 50 MHz output frequency.

_FEATURES l

* Mask programmable analog phase locked loop
» Low power single 5V CMOS technology

* 8 pin DIP or SOIC package Dip Package
* Programmable input/output frequencies
* TTL compatible outputs

* No external components besides decoupling ca- REFCLK [1 ] E’ [ 8] GND
pacitors vee [7] § 7] vec
GND [3] g | 6 ] GND

CLKA [4 ] » | 5] CLKB

ORDERING INFORMATION

Part number Package Operating temperature
ST49C418CP8 Plastic-DIP 0°C to +70° C
ST49C418CF8 SOIC 0° C to +70° C
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ST49C418

BLOCK DIAGRAM
Py, bl
Prog Phase Charge Loop Voltag'e‘ Programmable
ounter Detector 1 Pu - Filter C Counter
B mp Oscillator C
Programmable B=5...128 Voltage Output
Counter A=5...128 Reference Mux —| CLK4
A C=1,2,4 Circuit
Clock
REFCLK Buffe
Programmable Voltage
QOutput
Counter Reference \— | CLKB
4 Circuit Mux
Programmable Voltage Programmable
Counter Dl::m:’e _J C}I’:‘arge ] %:)p Controled Counter
B ector "p er Oscillator C
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SYMBOL DESCRIPTION
: Sy mbol EPin | Pln Descrlptlon ” =
iRéF“CLI‘( 1 Extefnal Reféréﬁf;e 6|§ck iﬁpﬁt‘.‘ REFCLK |susedas inter- ”
nal phase locked loop reference clock.
VCC 2 Supply voltage. Single +5 volts.
GND 3 Supply ground.
CLKA 4 Programmable output clock. Programmed for 16.9344 MHz
output.
CLKB 5 Programmable output clock. Programmed for 24.576 MHz
output.
GND 6 Supply ground.
VCC 7 Supply voltage. Single +5 volts.
GND 8 Supply ground.

EXTERNAL CLOCK CONNECTION

To minimize the noise pickup , it is recommended
to connect 0.01 to 0.047uF capacitor to REFCLK,
and keep the lead length of the capacitor to
REFCLK to a minimum to reduce noise susceptibil-

ity.

FREQUENCY SELECT CALCULATION

CLOCK = (Reference clock) X A/(B X C)

where

The ST49C418 contains an analog phase locked loop
circuit with digital closed loop dividers and a final
output dividerto achieve the desired dividing ratios for
the clock output.
The accuracy of the frequencies produced by the
ST49C418 depends on the input frequency and di-
vider ratios. The formula for calculating the exact

output frequency is as follows:
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ST49C418

ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T,=25° C, V_.=5.0 V £ 10% unless otherwise specified.

Symbol Parameter |  Limits Units |  Conditions
~Min  Typ Max
Vi Input low level 0.8 \%
Vin Input high level 2.0 \%
Vou Output low level 0.5 Y loo=25 mA
Vor Output high level 2.8 \% lon =25 mA
IH Input high current 1 WA
lec Operating current 20 35 mA No load.
AC ELECTRICAL CHARACTERISTICS
T,=25°C, V_.=5.0 V £ 10% unless otherwise specified.
Symbol Parameter , Limits Units Conditions
Min.  Typ Max .

T CLOCK rise time 1.5 3 ns 0.5V --2.8V, 15pF
T2 CLOCK fall time 1.5 3 ns 2.8V -0.5V, 15pF
Ts Duty cycle 40 | 48/52 | 60 % 1.4V switch point
Ts Duty cycle 45 | 48/52 | 55 % VCC/2 switch point
Ts Jitter 1 sigma 0.5 12 %
Ts Jitter absolute 12 5 %
T Input frequency 5 10 40 MHz
Te CLOCK frequency change 0.01 %
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TIMING DIAGRAM

CLOCK

T4

T5
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ST26C31
ST26C32
ST31C32
ST34C50
ST34C51
ST34C86
ST34C87
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STARTECH ST26C31

An 72 EXAR Company Printed August 3, 1995
QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER

DESCRIPTION ] SOIC package

The ST26C31 is a CMOS quad differential line driver

designed to meet the standard RS-422 requirements INPUT A [T] 167 vee
and digital data transmission over balanced lines. To oUTPUT A+ [Z] 5] INpuT D
improve noise margin and output stability for slow ©
changing input signals special hysteresis is built in the ouTPUT A- [3 | L [ ourputos
ST26C31 circuit. ENABLE [4] g (73] oUTPUTD-
The ST26C31 is a high speed CMOS line driver outPUTB- (5] 2 [12] ENABLE"
designed to operate with MFM / RLL controllers and ouTPUT B+ [E] o 1] outPUT G-
hard disk drives as well as RS-422 digital data «
transmission applications. ST26C31 is suitable for low INPUTB [7 ] [10] ouTPUT C+
power 5V operation with high input voltage protection GND [8] 5] INPUTC
devices.
FEATURES Plastic-DIP package
* Pin-to-pin compatible with National DS26C31C
* Low power CMOS desjgn ) NPUTA [T] A 3] vee
* Three-state outputs with enable pin
« Meets the EIA RS-422 requirements outPuT A+ [2] ° 151 INPUT D
* Low propagation delays OUTPUT A- @ N 5’4_] OUTPUT D+
* High speed ENABLE [4 | g [13] outPUT D-
outpuT B- [5 | Q [12] ENABLE*
ouTPUT B+ [6 ] g [ 11] ouTPUT C-
INPUT B [7_|] [10] ouTPUT C+
GND (8] [ 9] INPUTC

ORDERING INFORMATION _I
Part number Package Operating temperature
ST26C31CP16 Plastic-DIP 0°C to +70°C
ST26C31CF16 SOIC 0°C to +70°C
ST26C31IP16  Plastic-DIP  -40°C to +85°C
ST26C31IF16  SOIC -40°C to +85°C
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BLOCK DIAGRAM

INPUT A

OUTPUTA+
OUTPUT A-

ENABLE
ENABLE*

OUTPUTB-
OUTPUTB+

INPUT B

INPUT D

OUTPUT D+
OUTPUT D-

OUTPUT C-
OUTPUT C+

! @ !

INPUT C
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SYMBOL DESCRIPTION

1€0921S

INPUT A 1 | Driver A input pin.

OUTPUT A+ 2 (e} Driver A differential non-inverting output pin.

OUTPUT A- 3 (0] Driver A differential inverting output pin.

ENABLE 4 | Gate control (active high). This pin is one of the two control
pins which enables or disables all four drivers. All four
drivers are gated with two input or gate.

OUTPUT B- 5 (o] Driver B differential inverting output pin.

OUTPUT B+ 6 (o] Driver B differential non-inverting output pin.

INPUT B 7 | Driver B input pin.

GND 8 (¢) Signal and power ground.

INPUT C 9 | Driver C input pin.

OUTPUT C+ 10 (0] Driver C differential non-inverting output pin.

OUTPUT C- 11 (®) Driver C differential inverting output pin.

ENABLE* 12 | Gate control (active low). See ENABLE pin description.

OUTPUT D- 13 (o) Driver D differential inverting output pin.

OUTPUT D+ 54 (@) Driver D differential non-inverting output pin.

INPUT D 15 | Driver D input pin.

VCC 16 | Power supply pin.

H
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ST26C31

Functional table

Enable

Enable”

_input | Differential | D
- | Non:nverting

IITIIIrrr

IIrrrr I
IrIrIrcrX
IrIrIrN
rIrIrIN

X=Don't care
Z=Three state (high impedance)

vce

ENABLE ul L 50
e L = B
40PF LC}
DRIVER 40pF 50
AC ELECTRICAL CHARACTERISTICS
T,=0°-70° C, Vcc=5.0 V 1 10% unless otherwise specified.
Symbol Parameter |  Limits | units | Conditions
T Propagation delay, input to output 8 10 ns S1 open
T2 Differential output rise and fall time 8 10 ns S1 open
Ts Output enable time 18 20 ns S1 close
Ta Output disable time 18 20 ns S1 close
*Ts Skew 2 ns S1 open

* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.
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O
w
—y
ABSOLUTE MAXIMUM RATINGS
Supply range 7 Volts
Voltage at any pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mwW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0V £ 10% unless otherwise specified.

A

Symbol Parameter -t Limits | Units | Conditions
In Input current +1.0 nA
lec Operating current 600 pA
loz Three state output leakage +2.0 pA
ViH Input high level 2.0 \%
Vi Input low level 0.8 \)
Vou Output high level 2.5 \%
Voo Output low level 0.5 Vv
Vos Differential output level 2.0 \ Ri=100Q2
Voc Common mode output voltage 3.0 \% Ri=100Q
Voo Difference in common mode output 0.4 \ Ri=100Q
Cin Input capacitance 7 10 15 pF
Ceo Power dissipation capacitance 100 pF
los Output short current -200 -30 mA Vin=VCC or GND
lorr Output leakage current power off 100 A Vout=6V
-100 pA | Vout=0.25V
loc Output current +150 mA
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DIFFERENTIAL LINE DRIVER TIMING

ENABLE \
ENABLE* \

—>! !+T4 !4——>!T1 T1!<—>!
A -/ A
—>|: T4 i 71 Tt ke
i \ /

INPUT X
|
—>iT3
N
|
OUTPUT X+ |
F—N;T3
|
OUTPUT - 90% I\
by
I 110%
T2 ¥
OUTPUT X+ 50% /
|
> & T5

|
|
OUTPUT X- 50% \
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STARTECH

An Z2* EXARCompany

ST26C32

Printed August 3, 1995

QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER

DESCRIPTION ]

The ST26C32 is a CMOS quad differential line
receiver designed to meet the standard RS-422, RS-
423 requirements. The ST26C32 has an input sensi-
tivity of 200mv over the common mode input voltage
range of £7V. To improve noise margin and output
stability for slow changing input signal, special hyster-
esis is built in the ST26C32 circuit.

The ST26C32 is a high speed line receiver designed
to operate with MFM / RLL controllers and hard disk
drives as well as RS-422, and RS-423 differential
applications. ST26C32 provides TTL compatible out-
puts to interface with standard 74LS and CMOS
design environments. ST26C32 is suitable for low
power 5V operation.

FEATURES

* Pin-to-pin compatible with National DS26C32C
* Low power CMOS design

* Three-state outputs with enable pin

Meets the EIA RS-422 requirements

Low propagation delays

High speed

LiRDERING INFORMATION _]
Part number Package Operating temperature
ST26C32CP16  Plastic-DIP 0°C to +70°C
ST26C32CF16  SOIC 0°C to +70°C
ST26C32IP16 Plastic-DIP -40°C to +85°C
ST26C32IF16 SOIC -40°C to +85°C
Rev. 1.0

SOIC package
INPUT A- (1] [16] vce
INPUT A+ [2]] [15] INPUT D-
outpuTA [3] E 14 INPUT D+
ENABLE [4]] (g) [13] OUTPUT D
outpuTB [5 | 2 [12] ENABLE*
INPUT B+ [6 | g 11] OUTPUT C
INPUT B- [7] 10 INPUT C+
GND [8] [ 9] INPUT C-

Plastic-DIP package

q

INPUT A- [1 | [16] vce
INPUT A+ [2] [15] INPUT D-
OUTPUTA [3] g [ 14] INPUT D+
ENABLE (4 | Lg) [13] OUTPUTD
ouTPUTB [5] 3 [12] ENABLE*
INPUT B+ [ 6 | g [11] OUTPUTC
INPUT B- [7_| [10] INPUT C+
GND [8] 9] INPUTC-




ST26C32

ST26C32

BLOCK DIAGRAM

INPUT A-

INPUT A+
OUTPUT A

ENABLE

ENABLE*

OUTPUT B

INPUT B+
INPUT B-

AL

2-10

INPUT D-
INPUT D+

OUTPUT D

ouTPUT C
INPUT C+

INPUT C-



ST26C32

SYMBOL DESCRIPTION

“symbol | Pin
INPUT A- 1 Receiver A differential inveft‘iﬁg inﬁﬁt pin.
INPUT A+ 2 Receiver A differential non-inverting input pin.
OUTPUT A 3 Receiver A output pin.
ENABLE 4 Gate control (active high). This pin is one of the two control

pins which enables or disables all four receivers.

OUTPUT B 5 Receiver B output pin.
INPUT B+ 6 Receiver B differential non-inverting input pin.
INPUT B- 7 Receiver B differential inverting input pin.
GND 8 Signal and power ground.
INPUT C- 9 Receiver C differential inverting input pin.
INPUT C+ 10 Receiver C differential non-inverting input pin.
OUTPUT C 11 Receiver C output pin.
ENABLE * 12 Gate control (active low). See ENABLE description
OUTPUT D 13 Receiver D output pin.
INPUT D+ 14 Receiver D differential noﬁ-invening input pin.
INPUT D- 15 Receiver D differential inverting input pin.
VCC 16 Power supply pin.

2-11
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ST26C32

ST26

C32

Functional table

Enable | Enable® |Output | Different

L H z

H L L

H L H
X=Don't care

Z=Three state (high impedance)

AC ELECTRICAL CHARACTERISTICS

ul

INPUT A

INPUT A*

ENABLE Cl
S0pF

T,=0°-70°C, Vce=5.0 V = 10% unless otherwise specified.

Symbol Parameter Limits = | U
“Min Typ Max
T1 Propagation delay, input to output 8 10
T2 Propagation delay, input to putput 18 20
Ts Output enable time 18 20
Ta Output disable time 18 20

S1=VCC

S1=GND
Voir=2.5V
Vor=2.5V

2-12




ST26C32

2€0921S

ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any logic pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C

Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

TA=0° -70° C, Vce=5.0 V £ 10% unless otherwise specified.

Symbol Parameter 1 . Limits ~Units _Conditions

- - Min  Typ Max : s

ViH Enable high level 2.0 \

Vi Enable low level 0.8 \Y

Von Output high level 3.8 4.2 \ low= -6mMA

Vou Output low level 0.4 \' lon= BMA

Vio Differential input level -0.2 +0.2 \ -7V < Vem < +7V

Vu Input hysteresis 50 mV

In Input current +1.0 uA

lec Operating current 12 mA Vor=+1V

loz Three state output leakage +1.0 | £5.0 pA Vour=VCC or GND
len Enable input current +1.0 uA Vin=VCC or GND

Vr Input resistance 5 15 kQ -7V < Vem < +7V




ST26C32

ST26C32

DIFFERENTIAL LINE RECEIVER TIMING

\ ST —
ENABLE \( \: \\/
ENABLE ; N // N

INPUT X+ ___// ; \ i / \
INPUT X- j\ EL /!/ i: \ /
T1 ,;4—;—»‘ T2 : E |
T3 !0% |M+i T4
QUTPUT X | /I/ \i\ / \

2632-CK-1
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STARTECH ST31C32

An 72 EXARCompany Printed August 3, 1995
RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVERS AND DRIVERS

GENERAL DESCRIPTION ] PLCC Package
The ST31C32is a high speed CMOS combo differen-
tial line receiver and driver designed to meet the . .
standard RS-422, RS-423 requirements for digital and g ‘3 s s < 5
transmission over balanced lines. It provides five 555 g g g5
differential line receivers with three state control and [~ Pl F [R] [/ [R]
three line drivers also with three state control. ouTRUTA
The line driver inputs and line receiver outputs are wr:::; % @) : ouTRUTH
TTL compatible to interface with standard 74LS and ——— 5] Weut e
CMOS environments. The ST31C32 has been de- oureuto [5] STI2C32C128 5] weurn
signed for low power 5 volts operation and is espe- WeuTDr [5] 7] NPUTG-
cially suited for MODEM/UART applications. weuTo. (70 [55] meuT G
The receiver in the ST31C32 has an input sensitivity weure- 1] 18] ouTPUT G
of 200mv overthe common mode input voltage range =TTl el e ==
of £7V. They incorporate hysteresis for improved Hlillil 2 H HL:J
noise margin with slow changing input signals. Input g 56wk 52
fail-safe circuitry is also included which will cause the 23 323

output of the receiver to go to a logic “1” level if the
inputs are left open.

A special voltage sensing circuit is utilized in the
drivers that will three-state the outputs during power
down and power up. This will prevent spurious glitches
from appearing on the outputs.

DIP Package

FEATURES ]
z x u saumaces : INPUT B [ -/ (28] vee
* Low power CMOS design ouTPUT B+ [T ] 57] INPUT A
» Three-state outputs with enable pin
* Meets the EIA RS-422/423 requirements ouTPUTB- [3 | 2. OUTRUT A+
» Low propagation delays outPuTC- [4 ] [25] OUTPUT A-
* High speed outpPuTC+ [5] [24] outPUTH
« Five line receivers with three state control INPUT C [5] 2 53] INPUT He
» Three line drivers with three state control . g
« 28 pin PLCC and SOIC package ENABLE A* [T ] S [22] INPUT H-
outpuTD [} 1S [21] INPUT G-
INPUT D+ (9} g [20] INPUT G+
INPUT D- [10]] [19] ouTPUT G
'ORDERING INFORMATION ] iweur E- (11} 8] outPuTF
- - - - - - INPUT E+ [12} [17] INPUT F+
Part number Package Operating temperature OUTPUT E [13] 16 ] INPUTF-
ST31C32CJ28 PLCC 0°C to +70°C oND [14] [75] ENABLE B*
ST31C32CF28 SOIC 0°C to +70°C
ST31C321J28 PLCC -40°C to +85°C
ST31C32IF28 SoIC -40°C to +85°C

Rev. 1.0 2-15




ST31C32

ST31C32

BLOCK DIAGRAM

INPUT D-
INPUT D+ 5 ————— |INPUT A
|
OUTPUT D | .
| l OUTPUT A+
INPUTE- | ——— ™ !
l OUTPUT A-
INPUTE+ |——| 4% :|
|
OUTPUTE . |
| |
| |
INPUTF- | ———~ i INPUT B
|
INPUTF+ |———| 4% .
| |
OUTPUT F f | OUTPUT B+
I i OUTPUT B-
INPUT G- ! |
INPUT G+ g i
| |
OUTPUT G | | INPUT C
I |
! I
I e
PO ' i OUTPUT C+
INPUT H+ * 1 OUTPUT C-
| |
OUTPUTH | |
| |
| |
|
ENABLEB* | _______| . ENABLE A4*
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ST31C32

SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

INPUT B 1 | Liﬁe driver B input pini.

OUTPUT B+ 2 o Line driver B differential non-inverted output pin.

OUTPUT B - 3 (®) Line driver B differential inverted output pin.

OUTPUT C - 4 (e} Line driver C differential inverted output pin.

OUTPUT C+ 5 (o] Line driver C differential non-inverted output pin.

INPUT C 6 | Line driver C input pin.

ENABLE A* 7 | Gate control A (active low). This pin enables/ disables the
three line driver outputs.

OUTPUT D 8 (o] Line receiver D output pin.

INPUT D + 9 | Line receiver D differential non-inverted input pin.

INPUTD - 10 | Line receiver D differential inverted input pin.

INPUT E - 11 | Line receiver E differential inverted input pin.

INPUT E + 12 | Line receiver E differential non-inverted input pin.

OUTPUT E 13 o Line receiver E output pin.

GND 14 o Signal and power ground.

ENABLE B* 15* | Gate control B (active low). This pin enables/ disables the
five line receiver outputs.

INPUT F - 16 l Line receiver F differential inverted input pin.

INPUT F + 17 | Line receiver F differential non-inverted input pin.

OUTPUT F 18 o Line receiver F output pin.

OUTPUT G 19 (o] Line receiver G output pin.

INPUT G + 20 | Line receiver G differential non-inverted input pin.

217

¢eolelLs
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ST31C32

ST31C32

SYMBOL DESCRIPTION
Symbol _Pin | signal Type  PinDescription

INPUT G - 21 "1 | Line receiver G differential inverted input pin.
INPUTH - 22 | Line receiver H differential inverted input pin.
INPUT H + 23 | Line receiver H differential non-inverted input pin.
OUTPUT H 24 (@) Line receiver H output pin.

OUTPUT A - 25 (o] Line driver A differential inverted output pin.
OUTPUT A+ 26 (o) Line driver A differential non-inverted output pin.
INPUT A 27 | Line driver A input pin.

VCC 28 l Power supply pin.

*Has internal pull-up resistor on input

Receiver Functional table

Enable Differential Differential Output
B - | Non-nverting | Inverting :
Input Input
H X X z
L L H L
L H L H
Driver Functional table
‘Enable Input Differential: Differential. -
A Non-Inverted Inverted
Output Output
H X z Z
L L L H
L H H L
X=Don't care

Z=Three state (high impedance)

ST31C32 RECEIVER AC TEST CIRCUIT

vce

ul
INPUT A

—r\/_yo/,,,J

OUTPUT

INPUT A*

ENABLE

.|||

§
"“_—;{glf—‘
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ST31C32

AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0 V £ 10% unless otherwise specified.

¢eolels

H

Symbol Parameter -  Limits Units |  Conditions
: { Min  Typ Max :
Line Receiver Timing
T4 Propagation delay, input to output 8 10 ns S1=VCC
T2 Propagation delay, input to putput 18 20 ns S1=GND
Ts Output enable time 18 20 ns Vor=2.5V
Ta Output disable time 18 20 ns Vor=2.5V
Line Driver Timing
Ti Propagation delay, input to output 8 10 ns S1 open
T2 Differential output rise and fall time 8 10 ns S1 open
Ts Output enable time 18 20 ns S1 close
Ta Output disable time 18 20 ns S1 close
Ts Skew 0.5 ns S1 open
ST31C32 DRIVER AC TEST CIRCUIT
vCC
ENABLE (% ul S0
=—C2
NPT 40pF RS s1
—=cCl 500
—=C3
DRIVER Twpp 50



ST31C32

ST31C32

ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=0° - 70°C, Vce=5.0 V £ 10% unless otherwise specified.

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

500 mw

lown

output
Driver input current

Symbol | Parameter
ViH Enable high level 2.0
Vi Enable low level
Vron Receiver output high level 3.8
VroL Receiver output low level
VriD Receiver differential input level -0.2
VRrH Receiver input hysteresis
Irin Receiver input current
VR Receiver input resistance 5
lcc Operating current
loz Three state output leakage
Voou Driver input high level 25
VooL Driver output low level
Voos Driver differential output level 2.0
Vpoc Driver Common mode output voltage
Vooo Driver difference in common mode

50

25
2.0

0.8

0.4
+0.2

1.0
15

0.5

3.0
0.4

1.0

\
\%
\
\'
\ Ri=100Q
mV
A
KQ
mA
pA
\
\
\ R=100Q
\' Ri=100Q
\Y R:=100Q
pA

2-20



ST31C32

DIFFERENTIAL LINE RECEIVER TIMING

z2eolels

ENABLE* \ /
| |
? i
| |
INPUT X+ /o \ i
|
| I
! l
‘ 5
INPUT X- \ } / |
' N
1 lh—ﬂi T2 <
| | |
3 !0( > T4
|

| | |
OUTPUT X / \

H

AT

3450-CK-2
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ST31C32

DIFFERENTIAL LINE DRIVER TIMING

ENABLE* \I xz \
|

| | |
|
OUTPUT X+ i \ i / i \
S ‘ T |
+—>iT3 T4 l<—>} T T l«—»}
OUTPUT X- 90% i \ % 90% \ |/
| | | |
1'110% 10%; !
T2 ¥ > [ T2

OUTPUT X+ 50% [' \

|
> e T5

|
OUTPUT X- 50% \ /

3132-CK-1
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STARTECH

An 72 EXARCompany
DUAL RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER AND DRIVER

ST34C50
ST34C51

Printed August 3, 1995

GENERAL DESCRIPTION ]

The ST34C50/51 is a CMOS dual differential line
receiver and driver, designed to meet the standard
RS-422, RS-423 requirements and digital data trans-
mission over balanced lines. The ST34C50/51 has an
input sensitivity of 200mv over the common mode
input voltage range of £ 7V. To improve noise margin
and output stability for slow changing input signal,
special hysteresis is built in the ST34C50/51 circuit.
The ST34C50/51 is a high speed line receiver and
driver, designed to operate with MFM/RLL controllers
and hard disk drives as well as RS-422 and RS-423
differential applications. ST34C50/51 provides TTL
compatible outputs to interface with standard 74LS
and CMOS design environments. ST34C50/51 is
suitable for low power 5V operation with minimum
board space requirements. ST34C50/51 provides
dual differential line receiver with three state control

pin and dual line driver with three state control
capability.
FEATURES '|

* Pin -to-pin compatible to Motorola MC34050 and
MC34051

* Low power CMOS design

» Three-state outputs with enable pin

* Meets the EIA RS-422/423 requirements

* Low propagation delays

* High speed

* Dual line receiver with three state control

* Dual line driver with three state control

ORDERING INFORMATION -l

Part number

Package

Operating temperature

ST34C50CP16  Plastic-DIP 0°C to +70°C
ST34C50CF16  SOIC 0°C to +70°C
ST34C501P16 Plastic-DIP  -40°C to +85°C
ST34C50IF16 SoIC -40°C to +85°C
ST34C511P16 Plastic-DIP  -40°C to +85°C
ST34C51IF16 SOIC -40°C to +85°C

Rev. 1.0

2-23

SOIC Package
INPUT A- [1] 16] vCC
INPUT A+ [2 ] [15] INPUT D
[(e]
OUTPUTA [3] e [ 14] OUTPUT D+
ENABLE A*/B* [4] § [13] OUTPUT D-
ouTPUTB [5] Q [12] ENABLE C/D
[s2]
INPUT B+ [6 | '5 [ 11] OUTPUT C-
INPUT B- [7 ] 10| OUTPUT C+
GND [ 8] [ 9] INPUTC
ST34C50CF
SOIC Package
INPUT A- [1] [16] vee
INPUT A+ [2 ] [15] INPUTD
©
OUTPUTA [3 ] e [ 14] OUTPUT D+
ENABLED [ 4] g [13] OUTPUT D-
ouTPUT B [5 | Q [12] ENABLEC
[s2]

INPUT B+ [ 6 | 0 [ 11] OUTPUT C-
INPUT B- [7} [10] OUTPUT C+
GND [8] [9] INPUTC
ST34C51CF




ST34C50/51

ST34C50
ST34C51

ST34C50 BLOCK DIAGRAM

INPUT A-

INPUT A+
OUTPUT A

ENABLE A%B*

OUTPUT B

INPUT B+
INPUT B-

s

l

I

Jp—
“_*_#—\
Vs

|
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INPUT D

OUTPUT D+
OUTPUT D-

ENABLE CD

OUTPUT C-
OUTPUT C+

INPUT C



ST34C50

ST34C51 BLOCK DIAGRAM
INPUT A- INPUT D
INPUT A+
—
INPUT A % / OUTPUT D+
OUTPUT D-
ENABLE D ——*} C— ENABLE C
OUTPUT C-
OUTPUT B | ourpurc+
INPUT B+
INPUT B-
INPUT C

2-25
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ST34C50/51

ST34C50
ST34C51

SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

INPUT A- 1 | v Receiver A differential inverting input pin.

INPUT A+ 2 | Receiver A differential non-inverting input pin.

OUTPUT A 3 (o) Receiver A output pin.

ENABLE A/B 4 | Gate control (active low, ST34C50 only). This pin enables/
disables the two line receiver outputs (out A and out B of
ST34C50).

ENABLE D 4* | Gate control (active high, ST34C51 only). This pin enables/
disables the ST34C51differential line driver D section.

OUTPUT B 5 (] Receiver B output pin.

INPUT B + 6 | Receiver B differential non-inverting input pin.

INPUT B - 7 | Receiver B differential inverting input pin.

GND 8 (o} Signal and power ground.

INPUT C 9 | Driver C input pin.

OUTPUT C+ 10 O Driver C differential non-inverted output pin.

OUTPUT C - 11 o Driver C differential inverted output pin.

ENABLE C/D 12 | Gate control (active high, ST34C50 only). This pin enables/
disables the two line driver outputs (output C and output D
of ST34C50).

ENABLE C 12* | Gate control (active high, ST34C51 only). This pin enables/
disables the ST34C51differential line driver C section.

OUTPUTD - 13 Driver D differential inverted output pin.

OUTPUT D+ 14 Driver D differential non-inverted output pin.

INPUT D 15 I Driver D input pin.

VCC 16 | Power supply pin.

2-26




ST34C50
ST34C51

Receiver Functional table (ST34C50 only)

Enable | Output Differential Differential
AB Non-Inverting Inverting
Input Input
H z X X
L L L H
L H H L
X=Don't care

Z=Three state (high impedance)
Receive sections of the ST34C51 are enabled all the time.

Driver Functional table (ST34C50 only)

*Driver Functional table (ST34C51 only)

Enable Input Differential Differential Enable Input Differential Differential
C/D Non-Inverted Inverted CorD Non-inverted Inverted
Output Output Output Output
L X z A L X z z
H L L H H L L H
H H H L H H H L
X=Don't care

Z=Three state (high impedance)
* for each section of ST34C51.

ST34C50/51 DRIVER AC TEST CIRCUIT

ENABLE (7] ul 50

==C2

40pF s1
INPUT

40pF
==c3

DRIVER 40pF 50

2-27
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ST34C50/51

ST34C50
ST34C51

AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vce=5.0 V + 10% unless otherwise specified.

Symbol Parameter | units | conditions

Line driver section

T Propagation delay, input to output 8 10 ns S1 open

T2 Differential output rise and fall time 8 10 ns S1 open

Ts Qutput enable time 18 20 ns S1 close

Ta Output disable time i 18 20 ns S1 close

*Ts Skew 2 ns S1 open
Line receiver section

T1 Propagation delay, input to output 8 10 ns S1=VCC

T2 Propagation delay, input to putput 18 120 ns $1=GND

Ts Output enable time 18 20 ns Voir=2.5V

Ta Output disable time 18 20 ns | Vor=2.5V

* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.

S$T34C50/51 RECEIVER AC TEST CIRCUIT

Si
1
10k
ul
INPUT A
J— OUTPUT

INPUT A*
ENABLE
RECEIVER
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ST34C50
ST34C51

ABSOLUTE MAXIMUM RATINGS

Operating supply range
Voltage at any pin
Operating temperature
Storage temperature

7 Volts

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150°C

Package dissipation 500 mwW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70° C, Vce=5.0 V £ 10% unless otherwise specified.
Symbol Parameter Limits Units Conditions
Min Typ Max
Vin Enable high level 2.0 \)
Vi Enable low level 0.8 \%
VroH Receiver output high level 3.8 \)
VroL Receiver output low level 0.4 Vv
Vrio Receiver differential input level -0.2 +0.2 Vv Ri=100Q2
VrH Receiver input hysteresis 50 mV
IR Receiver input current +1.0 pA
VRrR Receiver input resistance 5 15 KQ
lec Operating current 13 mA
loz Three state output leakage 2.0 uA
Voon Driver input high level 2.5 \Y
Voor Driver output low level 0.5 Y
Voos Driver differential output level 2.0 \) R.=100Q2
Vooc Driver Common mode output voltage 3.0 \Y Ri=100Q
Vooo Driver difference in common mode 0.4 \% R.=100Q
output
lon Driver input current 1.0 A

2-29
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ST34C50
ST34C51

DIFFERENTIAL LINE DRIVER TIMING

ENABLE \ /

i |

I

|

|

\ |

|

|

T

ll<-—u; 13 —>! T4 I<—>1‘ T T !<—>1| |
|
| | { | | |
OUTPUT X+ | / ! \ | / i \
| T |
T3 > T4 > T Tt >
|

OUTPUT X- 9°%i ' : /igO% \ /

| | | |

1 110% 10%] |

T2 ¥ | > T2

OUTPUT X+ 50% /
) |

|
ﬂ}*Ts

|
OUTPUT X- 50% \ /

3450-CK-1
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ST34C50
ST34C51

DIFFERENTIAL LINE RECEIVER TIMING

ENABLE*

/

INPUT X+ /

INPUT X- Kl
|

b
OUTPUT X /
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ST34C50
ST34C51
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STARTECH

An Z* EXARCompany

ST34C86

Printed August 3, 1995

QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER

GENERAL DESCRIPTION

The ST34086 is a CMOS quad dlfferentlal I|ne
receiver designed to meet the standard RS-422, RS-
423 requirements. The ST34C86 has an input sensi-
tivity of 200mv over the common mode input voltage
range of + 7V. To improve noise margin and output
stability for slow changing input signal, special hyster-
esis is built in the ST34C86 circuit.

The ST34C86 is a high speed line receiver designed
to operate with MFM / RLL controllers and hard disk
drives as well as RS-422 and RS-423 differential
applications. ST34C86 provides TTL compatible out-
puts to interface with standard 74LS and CMOS
design environments. ST34C86 is suitable for low
power 5V operation.

FEATU RES

. Pm-to -pin compatlble wnth Natlonal D834086
* Low power CMOS design

* Three-state outputs with enable pin

* Meets the EIA RS-422 requirements

* Low propagation delays

* High speed

ORDERING INFORMATION

Operating temperature
0°C to +70°C

Part number Package

ST34C86CP16  Plastic-DIP
ST34C86CF16 SOIC 0°C to +70°C
ST34C861P16 Plastic-DIP -40°C to +85°C
ST34C86IF16 SOIC -40°C to +85°C

Rev. 1.0 2-33

SOIC package
INPUT A- [1 ] 16 vce
INPUT A+ [2 ] [15] INPUT D-
OUTPUT A [3} E [14 ] INPUT D+
ENABLEAB [4 | § [13] OUTPUT D
ouTtPuTB [5 | 8 12 ) ENABLECD
INPUT B+ [6 ] g [17] ouTPUT C
INPUT B- [7 [15] INPUT C+
GND [8] [0 ] INPUT C-

Plastic-DIP package

weutA- 1]~ [ vee

INPUT A+ [2]] [15] INPUT D-
OUTPUT A [3] E [ 14] INPUT D+
ENABLEAB [4 | § [13] OUTPUT D
OUTPUTB [ 5 | 2 [ 12] ENABLECD

INPUT B+ [6 | g [11] OUTPUTC

INPUT B- [7 | 10 INPUT C+

GND [8 ] 9 ] INPUT C-




ST34C86

ST34C86

BLOCK DIAGRAM

INPUT A-

INPUT A+
INPUT A

ENABLE A/B

OUTPUT B

INPUT B+
INPUT B-

2-34

INPUT D-
INPUT D+

ouUTPUT D

ENABLE C/D

OUTPUTC
INPUT C+

INPUT C-



ST34C86

SYMBOL DESCRIPTION

. symbol |  Pin | signalType

INPUT A- H 1 | B | | I;éceviv\‘/er A differential inverting input pin.

INPUT A+ 2 I Receiver A differential non-inverting input pin.

OUTPUT A 3 (o) Receiver A output pin.

ENABLE A/B 4 | Gate control (active high). This pin enables/disables the two
line receiver outputs (out A and out B).

OUTPUT B 5 (0] Receiver B output pin.

INPUT B+ 6 | Receiver B differential non-inverting input pin.

INPUT B- 7 | Receiver B differential inverting input pin.

GND 8 (0] Signal and power ground.

INPUT C- 9 | Receiver C differential inverting input pin.

INPUT C+ 10 | Receiver C differential non-inverting input pin.

OUTPUT C 11 O Receiver C output pin.

ENABLE C/D 12 | Gate control (active high). This pin enables/disables the two
line receiver outputs (output C and output D).

OUTPUT D 13 (e} Receiver D output pin.

INPUT D+ 14 | Receiver D differential non-inverting input pin.

INPUT D- 15 | Receiver D differential inverting input pin.

VCC 16 |

Power supply pin.

980v¢ElS
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ST34C86

ST34C86

Functional table

_ Enable | Output | Differential | Differential
AB : NoanVerti‘(i'g-f g Inver_ting_ .
cD Input Input
L z X X
H L L H
H H H L
X=Don't care
Z=Three state (high impedance)
ul
INPUT A
INPUT A*
ENABLE (%)
RECEIVER

AC ELECTRICAL CHARACTERISTICS

A

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

Symbol Parameter -~ Limits - Units |
Ti Propagation delay, input to output 8 10 ns S1=VCC
T2 Propagation delay, input to putput 18 20 ns S1=GND
Ts Output enable time 18 20 ns Vor=2.5V
Ta Output disable time 18 20 ns Vor=2.5V
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ST34C86

ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any logic pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

980V€1S

7 Volts
GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

Units | CO_I‘!‘EdvitlQ‘

Symbol Parameter Limits

Min = Typ  Max
Vi Enable high level 2.0
Vi Enable low level 0.8
Vor Output high level 3.8 42
Vo Output low level 0.4
Vio Differential input level -0.2 +0.2
Vi Input hysteresis 50
Iin Input current +1.0
lec Operating current 12
loz Three state output leakage +1.0 | £5.0
len Enable input current +1.0
Vr Input resistance 5 15

low= -6mA
lon= 6mMA
-7V < Vem < +7V

Vor=+1V
Vour=VCC or GND
Vin=VCC or GND
-7V < Vem < +7V

335383 <<<<x<




ST34C86

ST34C86

DIFFERENTIAL LINE RECEIVER TIMING

ENABLE

INPUT X+

)
!

INPUT X-

|
|
|
f
|
|
!
|
|
|
|
|
|
|
|
|

L

T1 [ T2 |

| |
T3 > > T4

[ |
OUTPUT X / \\
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STARTECH

An 72 EXAR Company

QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER

GENERAL DESCRIPTION -l

The ST34C87 is a CMOS quad differential line driver
designed to meet the standard RS-422 requirements
and digital data transmission over balanced lines. To
improve noise margin and output stability for slow
changing input signals special hysteresis is built in the
ST34C87 circuit.

The ST34C87 is a high speed CMOS line driver de-
signed to operate with MFM /RLL controllers and hard
diskdrives aswellas RS-422 digital data transmission
applications. ST34C87 is suitable for low power 5V
operation with high input voltage protection devices.

FEATURES ]

* Pin-to-pin compatible with National DS34C87
* Low power CMOS design

* Three-state outputs with enable pin

* Meets the EIA RS-422 requirements

* Low propagation delays

*High speed

ORDERING INFORMATION -l
Part number Package Operating temperature
ST34C87CP16 Plastic-DIP 0°C to +70°C
ST34C87CF16 SOIC 0°C to +70°C
ST34C87IP16 Plastic-DIP -40°C to +85°C

ST34C87IF16 SoIC -40°C to +85°C

Rev. 1.0
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Printed August 3, 1995

SOIC package

INPUT A 1]
OUTPUT A+ [2 |
OUTPUT A- [3 |
ENABLEAB [4]
ouTtPuUTB- [5 |
OUTPUT B+ [6 |

INPUTB [7 ]

GND [8]

ST34C87CF16

16] vCC
15] INPUT D

[14] OUTPUT D+
[13] OUTPUT D-
[12] ENABLE C/ID

11] OUTPUT C-
10 | OUTPUT C+

9] INPUTC

Plastic-DIP package

INPUT A (1] ~ 98] vee
OUTPUT A+ [2 ] 151 INPUTD
OUTPUT A- [ 3] E 14 ] OUTPUT D+
ENABLE AB [ 4| Q [13] OUTPUT D-
OUTPUT B- [5 | § [ 12 ] ENABLE C/D
OUTPUT B+ [6 | g 11 ] OUTPUT C-

INPUTB (7 | 10 ] OUTPUT C+

GND [[8] [ 9] INPUTC
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BLOCK DIAGRAM

INPUT A

OUTPUTA+
OUTPUT A-

ENABLE A/B

OUTPUTB-
OUTPUTB+

INPUT B

s}

:

INPUT D

OUTPUT D+
OUTPUT D-

ENABLE C'D

OUTPUT C-
OUTPUT C+

INPUT C
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SYMBOL DESCRIPTION

~ Symbol | Pin L

|ﬁPUfA 1 | DfivefA invput piirk1.> ]

OUTPUT A+ 2 (0] Driver A differential non-inverting output pin.

OUTPUTA- 3 0] Driver A differential inverting output pin.

ENABLEA/B 4 | Gate control (active high). This pin is one of the two control
pins which enables or disables two/four drivers.

OUTPUTB- 5 (0] Driver B differential inverting output pin.

OUTPUT B+ 6 O Driver B differential non-inverting output pin.

INPUTB 7 | Driver B input pin.

GND 8 o Signal and power ground.

INPUTC 9 | Driver C input pin.

OUTPUTC+ 10 (o] Driver C differential non-inverting output pin.

OUTPUTC- 11 (0] Driver C differential inverting output pin.

ENABLE C/D 12 | Gate control (active high). See ENABLE A/B pin description.

OUTPUTD- 13 (@) Driver D differential inverting output pin.

OUTPUTD+ 14 0] Driver D differential non-invérting output pin.

INPUTD 15 | Driver D input pin.

VCC 16 | Power supply pin.

2-41
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ST34C87

Functional table

. Enable | Input | Differential | Differential
AB | I Noninverting} Inverting
co | - Output - | -Output
L X V4 Z
H L L H
H H H L

X=Don't care

Z=Three state (high impedance)

vce

ENABLE (* ut 50
=C2
NPUT | 40pF RS st
—=f;pF 500
=C3
DRIVER 40pF 50
AC ELECTRICAL CHARACTERISTICS
T,=0°-70° C, Vce=5.0 V = 10% unless otherwise specified.
fi:'-Symbbl 1 . Parameter e Limité . v‘ . Units “ ' Condltl ns
T Propagation delay, input to output 8 10 ns S1 open
T2 Differential output rise and fall time 8 10 ns S1 open
Ts Output enabletime 18 20 ns S1 close
Ts Outputdisabletime 18 20 ns S1 close
*Ts Skew 2 ns S1 open

* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operatingtemperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

GN

L8DVELS

7 Volts

D-0.3V to VCC+0.3V
0°C to +70°C

-40° C to+150°C

500mw

T,=0°-70° C, Vcec=5.0 V £ 10% unless otherwise specified.
Symbol Parameter . Limits . Units Conditions

- 4 Min  Typ Max . { S
Iin Input current +1.0 A
lec Operating current 600 pA
loz Three state outputleakage +2.0 pA
Vin Input high level 2.0 \
Vie Inputlowlevel 0.8 \'
Vor Output highlevel 2.5 \
Vou Output lowlevel 0.5 \)
Vos Differential outputlevel 2.0 \" R.=100Q2
Voc Common mode output voltage 3.0 \ R.=100Q2
Voo Difference in common mode output 0.4 \) R=100Q2
Cin Input capacitance 7 10 15 pF
Cro Power dissipation capacitance 100 pF
los Output short current -200 -30 mA Vin=VCC or GND
lorr Output leakage current power off 100 uA Vout=6V

-100 pA Vout=0.25V

loc Output current +150 mA
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DIFFERENTIAL LINE DRIVER TIMING

ENABLE / \ /
| |
| |
| |
| |
| |
INPUT X b/ \ ! / \
| | | |
I | |
Ilq»—»i T3 —>! T4 l}<—>¢| T1 T ,Hl
|
| | |
OUTPUT X+ i E \ i / i \
| T |
i | | 1
k—“—"l T3 > T4 I<—>«' T1 T k—ul
OUTPUT X- 90% | \I | /l/EQO% \ y
| | |
1'110% 10%! |
T2 ¥ & > [ T2

OUTPUT X+ 50% | \

|
|

OUTPUT X- 50% \ /
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ST16C1450
STARTECH ST16C1451

An Z22* EXARCompany Printed August 3, 1995
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

DESCRIPTION Pl ST16C1450 PLCC Package

D3
D2
D1
Do

The ST16C1450/51 is a universal asynchronous re-
ceiver and transmitter. A programmable baud rate

3
X

2

1
(58] vee
[27] cor
| 26] SR

generator is provided to select transmit and receive o4 [5] O %] ctst

clock rates from 50Hz to 448kHz. o5 6] 24] RESET

The ST16C1450/51 is animproved version of the SS| 08 [7] (23] oTR*

73M1550 and SSI 73M2550 UART with higher oper- o7 [&] ST16C1450C028 | | 22] RTs®

ating speed and lower access time. The ST16C1450/ Rx 5] 2| A0
51 on board status registers  provides the error ™o [20] A

conditions, type and status of the transfer operation R .

being performed. Included is complete MODEM con- =] [=] 3] 2] [e] =] 2]

trol capability, and a processor interrupt system that é g gz ek

may be software tailored to the user’s requirements.
The ST16C1450/51 provides internal loop-back capa- ST16C1451 PLCC Package
bility for on board diagnostic testing.

The ST16C1450/51 is fabricated in an advanced 1.2u

CMOS process to achieve low drain power and high 88358533
speed requirements. < o [ ] o] [l [¥]
04[5} O [25] cts
D5 E 24 | RESET
06 (7 | E DTR*
FEATURES -I o7 7] sTiectasics | [ Ris
=" e e - : RX [9] 21 AD
*Pin to pin and functional compatible to SSI CT: :? ? :;
73M1450/2450
* Modem control signals (CTS*, RTS*, DSR*, DTR*, l§| 2 E;J = : l;’ 1
RI*, CD%) CEEIE AL
* Programmable character lengths (5, 6, 7, 8)
* Even, odd, orno parity bitgeneration and detection ST16C145X QFP Package
* Software compatible with INS8250, NS16C450
* 460.8 kHz transmit/receive operation with 7.372 SaszSss8ahos
MHz crystal or external clock source e e ] A A e e e
« 28 Pin plastic-Dip and PLCC package BRIl ] ] ]
* Pin-to-pin compatible to ST16C1550/1551 ne 1] O 3 [ NC.
NC. | 2 35 | N.C.
04 [3] 34 ] crse
b5 \Z 33 | RESET
ORDERING INFORMATION | = o
~ — pooeoact pscoou - - e 2| RXE ST16C145XCQ48 E"“
Part number Package Operating temperature [ | B
ST16C1450CP28  Plastic-DIP  0°C to+70°C cs o 28] a1
ST16C1450CJ28 PLCC 0°C to+70°C Ne. 10 27| A2
ST16C1450CQ48 TQFP 0°C to+70°C Ne. L1 2 NC.
ST16C1451CP28  Plastic-DIP 0°C to+70°C NG 112 B NG
ST16C1451CJ28  PLCC 0°C to+70°C BERRERR R
ST16C1451CQ48 TQFP 0°C to+70°C $eiisesbeREd

*Industrial operating range are available.

Rev. 1.0 3.3
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ST16C1450 BLOCK DIAGRAM

D0-D7
IOR*
ow*
RESET

A0-A2
cs*

INT

Transmit
Holding
Register

Data bus
&
Control Logic

Transmit

Register

Shift

Receive
Holding
Register

Inter Connect Bus Lines
&
Control signals

Register

Receive
Shift

Baud Rate
Generator

Interrupt
Control
Logic

Modem
Control
Logic

34

DTR*RTS*

CTS*
RI*
CD*
DSR*



ST16C1450
ST16C1451

(]
—
—
2]
Q
—
S
(3]
=
[SA]
-

ST16C1451 BLOCK DIAGRAM

' F——T
Transmit Transmit
8 Holding | X
Do-D7 g %’ : Register |
IOR* <'\___> S Nl | S A—
ow [ g3
RESET & Ef ! |
| |
. | :
| |
| |
| |
} |
: g : Receive Receive
|8 ' Holding Shift RX
% g | Resiver ||| Register
: m § : T = SRR ARSI T
B2l
§sol 1E¥F
acaz || 23 ¥ S
R
N s 7
S :
l |
I |
I |
I I
i |
| K DTR*RTS*
: | RST
| |
} : CTS*
| | Clock | RI*
| | & : 1
K] CD*
INT : Baud Rate | DSR*
| Generator ||
|
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SYMBOL DESCRIPTION ( ST16C1450 - ST16C1451)

Symbol | P

e

_ Pin Description

D0-D7

RX

cs*

XTAL1

CLK
XTAL2
Iow*

GND

IOR*

RI*

1-8

10

11

12

13

14

15

16

17

1-8

10

11

12

13

14

15

16

/0

Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

Serial data input. The serial information (data) received
from serial port to ST16C145X receive input circuit. A mark
(high) is logic one and a space (low) islogic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

Serial data output. The serial data istransmitted via this pin
with additional start, stop and parity bits. The TXwill be held
in mark (high) state during reset, local loopback mode or
when the transmitter is disabled.

Chip select (active low). A low at this pin enables the
ST16C145X / CPU data transfer operation.

Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

External clock input. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

Crystal input 2 or buffered clock output. See XTAL1.

Write strobe (active low). A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

Signal and power ground.

Read strobe (active low). A low level on this pin transfers
the contents of the ST16C145X data bus to the CPU..

Ringdetect indicator (active low). A lowonthis pinindicates

3-6
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SYMBOL DESCRIPTION ( ST16C1450 - ST16C1451 )

' Symbol

Pin

o

_ Signal Type |

_Pin Dés_crip'tiori

RST

INT

AO0-A2

RTS*

DTR*

RESET

CTS*

DSR*

18 18

21-19] 21-19

22 22

23 23

24 24

25 25

26 26

the modem has received a ringing signal from telephone
line.

Reset output (active high). The ST16C1451 provides a
buffered reset output which is gated internally with MCR bit-
2.

Interrupt output. (three state / active high) This pin goes high
(when enabled by the interrupt enable register) whenevera
receiver error, receiver data available, transmitter empty,
or modem status condition flag is detected.

Address select line. To select internal registers.

Request to send (active low). To indicate that the transmit-
ter has data ready to send. Writing a “1” in the modem
control register (MCR bit-1 ) will set this pin to a low state.
Afterthe reset this pin will be set to high. Note that this pin
does not have any effect on the transmit or receive opera-
tion.

Data terminal read (active low). To indicate that
ST16C145X is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a “1” atthe MCR bit-0 will setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset. Note that this pin does not have
any effect on the transmit or receive operation.

Master reset (active high). A high on this pin willreset allthe
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

Clear to send (active low). The CTS* signal is a MODEM
control function input whose conditions can be tested by
reading the MSR bit-4. CTS* has no effect on the transmit
or receive operation.

Data set ready (active low). A low on this pin indicates the
MODEM is ready to exchange data with UART. This pin

3-7
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SYMBOL DESCRIPTION ( ST16C1450 - ST16C1451 )

_symbol |  Pin |
: 28 28
does not have any effect on the transmit or receive opera-
tion.
CcD* 27 27 | Carrier detect (active low). A low on this pin indicates the
carrier has been detected by the modem.
VCC 28 28 | Power supply input.

All unused input pins should be tied to VCC or GND.

PROGRAMMING TABLE

>
N
>
=
>
o

READMODE

0O =2 =2 =2 =220000
OO0 -_2=_00~_A-_200
02020~ 0-=0

Receive Holding Register
Interrupt Status Register
Line Status Register

Modem Status Register
Scratchpad Register

Transmit Holding Register
Interrupt Enable Register

Line Control Register
Modem Control Register

Scratchpad Register
LSB of Divisor Latch
MSB of Divisor Latch
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2
-
Y
[=2]
(o]
-
-
an
(=]
~
”n
-

ST16C1450/51 ACCESSIBLE REGISTERS

A2A1A0 | Register | BIT-7 | BIT6 | BITS | BIT4 | BIT-3 | BIT-2 BIT4 | BITO
000 RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00O THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 01 IER 0 0 0/ 0 modem | receive |transmit| receive
special status line holding | holding
mode interrupt| status | register | register
interrupt
010 ISR 0 0 0 0 0 int int int
priority | priority | status
bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0/power 0 0 loop INT SOFT | RTS* DTR*
down back | enable | reset
101 LSR 0 trans. trans. break | framing | parity | overrun| receive
empty | holding |interrupt] error error error data
empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CD* RI* DSR* | CTS*
11 1 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

3-9
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REGISTER FUNCTIONAL DESCRIPTIONS
TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided inthe Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

Onthe falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike onthe RX input. Receiver status codes will
be posted in the Line Status Register.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C1450/51 contains a programmable Baud
Rate Generator that is capable of taking any clock
input from DC-24 MHz and dividing it by any divisor
from 1to 216 -1. The output frequency of the Baudout*
is equal to 16X of transmission baud rate
(Baudout*=16 x Baud Rate). Customize Baud Rates
can be achieved by selecting properdivisor values for
MSB and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.

IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.

1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT-5:
0=normal ST16C450 mode.
1=special mode. Enable power down and SOFT rest.

IER BIT 4,6-7:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C1450/51 provides four level prioritized
interrupt conditions to minimize software overhead
during data character transfers. The Interrupt Status
Register (ISR) provides the source of the interrupt in
prioritized matter. During the read cycle the
ST16C1450/51 provides the highest interrupt level to
be serviced by CPU. No otherinterrupts are acknowl-
edged until the particular interrupt is serviced. The
following are the prioritized interrupt levels:

Priority levels

P {D2 D1 |DO0 | Source of the interrupt
1111110 LSR (Receiver Line Status
Register)

21110} 0 RXRDY (Received Data
‘ Ready)
3101110 TXRDY/( Transmitter Holding
Register Empty)
4100710 MSR (Modem Status Regis-
ter)

3-10
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ISR BIT-0:

O=aninterruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

ISR BIT 1-2:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR bit 3-7:
Not used

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

- BIT-1 | BIT-0 Word length
0 0 5
0 1 6
1 0 7
1 1 8
LCR BIT-2:

The number of stop bits can be specified by this bit.

BIT-2 | Word length | Stop bit(s)
0 56,7,8 1
1 5 1-1/2
1 6,7,8 2

LCR BIT-3:

Parity or no parity can be selected via this bit.

0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT-4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity is generated by forcing an odd number
of 1's in the transmitted data, receiver also checks for
same format.

1= EVEN parity bit is generated by forcing an even the
number of 1’s in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).

0=normal operating condition.

1=forces the transmitter output (TX) to go low to alert
the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
O=normal operation.

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
0=force DTR* output to high.
1=force DTR* output to low.
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MCR BIT-1:
0=force RTS* output to high.
1=force RTS* output to low.

MCR BIT-2:
0=normal operation.
1=software reset, set RST output to high.

MCR BIT-3:
O=set INT output pin to three state mode.
1=set INT output pin to normal operation mode.

MCR BIT4:

0=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
thereceiverinput (RX),CTS*, DSR*, CD*, and RI* are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, SOFT
resetand INT enable are connected to modem control
inputs.

In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER.

MCR BIT 5-6:
Not used. Are set to zero permanently.

MCR bit-7:

O0=normal mode.

1=power down mode. XTAL1, XTAL2, and baud rate
generators are disabled.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.

LSR BIT-0:
0=no data in receive holding register
1=data has been received and saved in the receive

holding register.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information.

LSR BIT-3:

0=no framing error (normal).

1=framing error received, received data did nothave
a valid stop bit.

LSR BIT4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame).

LSR BIT-5:

O=transmit holding register is full. ST16C1450/51 will
not accept any data for transmission.

1=transmit holding register is empty. CPU can load
the next character.

LSR BIT-6:
O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty.

LSR BIT-7:
Not used.

MODEM STATUS REGISTER (MSR)

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.

MSR BIT-0:
Indicates that the CTS* input to the ST16C1450/51
has changed state since the last time it was read.
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MSR BIT-1:
Indicates that the DSR* input to the ST16C1450/51
has changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST16C1450/51 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD*inputto the ST16C1450/51 has
changed state since the last time it was read.

MSR BIT4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-5:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:

This bitis equivalentto SOFT reset in the MCR during
local loop-back mode. It is the compliment of the RI*
input.

MSR BIT-7:

This bit is equivalent to INT enable in the MCR during
local loop-back mode. It is the compliment to the CD*
input.

Note: Whenever MSR BIT3-0: is set to logic “1”, a
MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR)

ST16C1450/51 provides a temporary data register to
store 8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

| BAUDRATE | 16 xCLOCK | % ERROR
. | DwvisoR |
50 2304
75 1536
110 1047 0.026
150 768
300 384
600 192
1200 96
2400 48
3600 32
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 2.77
115.2K 1

ST16C1450/51 EXTERNAL RESET CONDITION

REGISTERS | RESETSTATE
IER IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,
LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,
MSR BITS 4-7=input signals
SIGNALS | RESETSTATE.
TX High
SOFT reset High
RTS* High
DTR* High
INT Three state mode
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ST16C1450 Plastic-DIP Package ST16C1451 Plastic-DIP Package
po [1| -/ 28] vce Do E / 28] vce
D1 [2] [27] cp* D1 Z [27] cp*
D2 [3 ] [26] DSR* D2 [3 | 26| DSR*
D3 [4 ] [25] cTs* D3 [4 | @ cTS*
D4 [5 ] X [24] RESET pa [5] Q 24] RESET
D5 [6 | § 23] DTR* D5 [6 | & g DTR*
D6 [7 | g [22] RTS* D6 [7 | g [22] RTs*
D7 [8] 8 [21] A0 D7 [8] 8 [21] A0
RX [9] 5 120 A1 RX [9] g [20] A1
TX [10] [19] A2 X [10] 19] A2
cs* [11] [18] INT cs* [11] 18] INT

XTAL1 [12] | 17] RI* CLK [12]] 17 ] RST

XTAL2 [13] [76] I10R" low [13] [ 76] RI*
low [14| 5] GND GND [14] [75] IOR*
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ABSOLUTE MAXIMUM RATINGS 2
Supply range 7 Volts
Voltage at any pin GND-0.3V t¢ VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, V_=5.0V £ 10% unless otherwise specified.

Symbol Parameter ; Limits Units | Conditions
: » 4 Min  Typ Max :
Vieek Clock input low level -0.5 0.6 \
ViHex Clock input high level 3.0 VCC \
Vi Input low level -0.5 0.8 \
ViH Input high level 2.2 VCC \%
Vo Output low level on all outputs 0.4 \) lo.= 6 mA
Von Output high level 24 \ lon= -6 mA
lec Avg. power supply current 6 mA
I Input leakage 10 uA
le Clock leakage +10 uA

This product can operate in 3.0 Volts environment. Please consult with factory for additional information.
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vce=5.0 V £ 10% unless otherwise specified.

Symbol Parameter =
T Clock high pulse duration
T2 Clock low pulse duration
Ts Clock rise/fall time
Ts Chip select setup time
Te Chip select hold time
T2 Data setup time
T Data hold time : 15
T |IOW* delay from chip select 10
Tis IOW* strobe width 50
T Chip select hold time from |IOW* 0
T Write cycle delay 55
Tw Write cycle=Tis+Tq7 105
The Data hold time 15
T21 IOR* delay from chip select 10
T2 IOR* strobe width 65
Tas Chip select hold time from IOR* 0
Tas Read cycle delay 55
Tr Read cycle=Tz+T2s 105
T2 Delay from IOR* to data
Tas Delay from IOW* to output
T2 Delay to set interrupt from MODEM
input
Tso Delay to reset interrupt from IOR*
Ta Delay from stop to set interrupt
Ta2 Delay from IOR* to reset interrupt
Tas Delay from initial INT reset to transmit 8
start
Tsa Delay from stop to interrupt
Tas Delay from IOW* to reset interrupt
N Baud rate devisor 1

35
50
70

70
1Rek
200

24

100
175

216-1

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

100 pF load
100 pF load
100 pF load

100 pF load
100 pF load
100 pF load
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GENERAL WRITE TIMING

7 K20

< *i ':¢ T9
cs* l
?4/\;4—” T15 “”'Zi/{ %TW/ -

161450-WD-1

GENERAL READ TIMING

A0-A2 % >||W %
|IOR* %i\ /‘W %\ /W

77"

161450-RD-1
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MODEM TIMING
low* —\—_/
|
|
«—p( T28
|
RTS" \'(
DTR* /
e -
cD
cTS .
DSR | !
> | T29
T29 | | 'H—H:
INT / \ i \ / \
| [

161450-MD-1
CLOCK TIMING
T2 _ I
!4—————»1 >
EXTERNAL 1 ! N
CLOCK | | - ! ! : |
|
| |
| - » e
' ! | T3
L S
CLOCK PERIOD CLOCK PERIOD 161450-CK-1
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RECEIVE TIMING -
START BIT
> DATABITS (5-8) STOP BIT
< gl >
VAR
RX Vo DOJ D1{D24| D3LD4J Dskoejm/ ya
| SRR NN N SN N S S |
e L
S DATABITS | PARITYBIT! NEXT
b | DATA
6 DATABITS { | | STARTBIT
| |
7 DATABITS L > < T31
| [
o |
| l / 1
INT b \
— !
| |
! ', T32 M
[ | |
IOR* . \f
oL

P>}
[} >

16 BAUD RATE CLOCK 161450-RX-1
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TRANSMIT TIMING

START BIT
— DATA BITS (5-8) STOP BIT
> > P
/N
X \I (\ DOJ D1 LmJ D3 J 04} D5 l D6J D7W
JEPRDN (R SO S [ I SRR S |
l e | e
! SDATABITS PARITY BIT|  NEXT
{ 6 DATABITS : START BIT
L |
| - 7 DATABITS —»| ¢ T34
I
|
|

INT »! le T33
T
|
|
|

v
5=

|
oW j‘__/

.

I R . 2N

Q

16 BAUD RATE CLOCK
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STARTECH

An 2Z2* EXARCompany

ST16C2450

Printed August 3, 1995

DUAL UNIVERSAL ASYNCHRONOUSRECEIVER/TRANSMITTER

DESCRIPTION Fl

The ST16C2450 is a dual universal asynchronous
receiver and transmitter. Independent programmable
baud rate generators are provided to select transmit
and receive clock rates from 50Hz to 1.5 MHz for each
UART section.

The ST16C2450 is an improved version of the
NS16C450 UART with higher operating speed and
lower access time. The ST16C2450 on board status
registers provides the error conditions, type and
status of the transfer operation being performed.
Included is complete MODEM control capability, and
a processor interrupt system that may be software
tailored to the user’s requirements. The ST16C2450
provides internal loop-back capability for on board
diagnostic testing.

The ST16C2450 is fabricated in an advanced 1.2
CMOS process to achieve low drain power and high
speed requirements.

FEATURES 1

* Functional compatible to NS16450, VL16C450,
WD16C450

* Modem control signals (CTS*, RTS*, DSR*, DTR*,
RI*, CD*)

* Programmable character lengths (5, 6, 7, 8)

* Even, odd, orno parity bitgeneration and detection

« Status report register

* Independent transmit and receive control

* TTL compatible inputs, outputs

* 460.8 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

ORDERING INFORMATION ~l

Part number Package Operating temperature
ST16C2450CP40 Plastic-DIP 0°C to+70°C
ST16C2450CJ44 PLCC 0°C to+70°C

*Industrial operating range are available

Rev. 1.0
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22858782885
o) [l B[ FLEL L R FL R
05 Er\ [39] RESET
os [8] O [38] DTRE"
o7 3] [37] oTRA*
RXB [E [36] RTsA*
Rxa [11 @ OPA*
NC. [E ST16C2450CJ44 EI
™A [13 [33] INTA
™8 [14 [32] INTB
oPB* | 15 31| AO
csa [16] (30 A1
cse [17 [29] A2
(=] Te] 6] ] 8] [e [ [#] [#] [&] [8]
< 5 5 2 & B B G
Plastic-DIP Package
Do [ 1 —/ [40] vee
D1 @ 39] RIA*
02 [3] 38 cDA*
D3 (4] 37 ] DSRA*
D4 [5 ] [36] cTsA*
D5 [6 | [ 35] RESET
D6 [7 | (34] DTRB*
o7 (8] o 33] DTRA*
<
RXB [ 9 o 32] RTSA*
Q S 32
RXA [0 @ 31] OPA*
A [11] S 30] INTA
©
e [12] = [29] INTB
17}
org* [13] 28] A0
csA* [14] 27 A1
cse* [15] 26| A2
XTAL1 [16] 25] cTSB*
XTAL2 [17] RTSB*
jow [18] [23] RIB*
cos* [19] | 22] DSRB*
GND [20] 21] IOR"
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BLOCK DIAGRAM

Transmit Transmit
DeD7 . g_; | Holt'lmg Sh}ft TX A/B
TOR* g 3 } Register Register
(0 = S |
RESET SIS i |
O | |
| |
: {
| [
| |
| |
| g ! Receive Receive
|8 Holding Shift RX A/B
J j < | Register Register
X
)
Py 2
A0-A2 S35 }Saagi
CSA* B3 ¥ 'S 5
CSB* Shehn '3 S
i
} |
| |
| | DTR A/B*
| - RTS A/B*
} I OP A/B*
| \
N | | CTS A/B*
INTA §§ 9 : } Clzck RI A/B*
§3Q CD A/B*
INTB S35 \ ‘ Baud Rate
SO | DSR A/B*
~ » Generator
‘ -
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SYMBOL DESCRIPTION

_ Symbol |

_ Pin

’, _ ;Signall Type

Pin Description

D0-D7

RX A/B

TXA/B

CS* A/B

XTAL1

XTAL2

IOW*
IOR*

AO0-A2

INT A/B

1-8

11,10

11,12

14,15

16

17

18
21

28-26.

30,29

2-9

10,9

13,14

16,17

18

19

20

24

31-29

33,32

110

Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

Serialdatainput A/B. The serialinformation (data) received
from serial port to ST16C2450 receive input circuit. A mark
(high) is logicone and a space (low) is logic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

Serial data output A/B. The serial data is transmitted via
this pin with additional start, stop and parity bits. The TXwill
be held in mark (high) state during reset, local loopback
mode or when the transmitter is disabled.

Chip select A/B. (active low) A low at this pin enables the
ST16C2450 / CPU data transfer operation.

Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

Crystal input 2 or buffered clock output. See XTAL1.

Wirite strobe. (active low) A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

Read strobe. (active low) A low level on this pin transfers
the contents of the ST16C2450 data bus to the CPU.

Address select lines. To select internal registers.

Interrupt output A/B. (active high) This pin goes high (when
enabled by the interrupt enable register) whenever a re-
ceiver error, receiver data available, transmitter empty, or
modem status condition flag is detected.
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SYMBOL DESCRIPTION

_ PinDescription

OP*A/B

RTS* A/B

DTR* A/B

RESET

CTS*A/B
DSR* A/B

CD* A/B

RI* A/B

32,24

33,34

35

36,25

37,22

38,19

39,23

36,27

37,38

39

40,28

41,25

42,21

43,26

Interrupt enable output (active low). This pin stays high
when INT out pin is set to three state mode and goes low
when INT pinis enabled viaOP2*. See bit-3 modem control
register (MCR bit-3).

Request to send A/B (active low). To indicate that the
transmitter has data ready to send. Writing a “1” in the
modem control register (MCR bit-1) will set this pin to a low
state. After the reset this pin will be set to high. Note that
this pin does not have any effect on the transmit or receive
operation.

Data terminal ready A/B (active low). To indicate that
ST16C2450 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a “1” atthe MCR bit-0 will setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset . Note that this pin does not have
any effect on the transmit or receive operation.

Master reset. (active high) A high on this pin will reset allthe
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

Clear to send A/B (active low). The CTS* signal is a
MODEM control function input whose conditions can be
tested by reading the MSR BIT-4. CTS*has no effect onthe
transmit or receive operation.

Data set ready A/B (active low). A low on this pinindicates
the MODEM is ready to exchange datawith UART. This pin
does not have any effect on the transmit or receive opera-
tion.

Carrier detect A/B (active low). A low on this pin indicates
the carrier has been detected by the modem.

Ring detect indicator A/B (active low). A low on this pin
indicates the modem has received a ringing signal from
telephone line.
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SYMBOL DESCRIPTION

Symbol -Pin Signal Type .. PinDescription

; | 40 44 »

VCC 40 44 | Power supply input.

GND 20 22 (e} Signal and power ground.

PROGRAMMING TABLE

A2 A1 A0 READ MODE WRITE MODE
0 0 0 Receive Holding Register Transmit Holding Register
0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register
0 1 1 Line Control Register
1 0 0 Modem Control Register
1 0 1 Line Status Register
1 1 0 Modem Status Register
1 1 1 Scratchpad Register Scratchpad Register
0 0 0 LSB of Divisor Latch
0 0 1

MSB of Divisor Latch
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ST16C2450 ACCESSIBLE REGISTERS A/B

A2A1A0 |Register | BIT-7 | BIT6 | BIT5 | BIT4 | BIT3 | BIT2 | BIT4 | BITO
000 RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 0 1 IER 0 0 0 0 modem | receive | transmit | receive
status line holding | holding
interrupt| status | register | register
interrupt
010 ISR 0 0 0 0 0 int int int
priority | priority | status
bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop oP2/ Not RTS* | DTR*
back INT used
enable
1.0 1 LSR 0 trans. | trans. break [framing | parity | overrun | receive
empty | holding |interrupt| error error error data
empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CcD* RI* DSR* CTS*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 00 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1”.
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REGISTER FUNCTIONAL DESCRIPTIONS A/B

TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

On the falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RX input. Receiver status codes will
be posted in the Line Status Register.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C2450 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-24 MHz and dividing it by any divisor from 1
to 216 -1. The output frequency of the Baudout* is
equal to 16X of transmission baud rate (Baudout*=16
x Baud Rate). Customize Baud Rates can be
achieved by selecting proper divisor values for MSB
and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-

“ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.

IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 4-7:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C2450 provides four level prioritized inter-
rupt conditions to minimize software overhead during
data character transfers. The Interrupt Status Regis-
ter (ISR) provides the source of the interrupt in priori-
tized matter. During the read cycle the ST16C2450
provides the highest interrupt level to be serviced by
CPU. No other interrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

P |D2|D1|D0| Source ofthe i‘ntetrupt

1{111]0 LSR (Receiver Line Status
Register)

211]101{0 RXRDY (Received Data
Ready)

3101110 TXRDY( Transmitter Holding
Register Empty)

410|010 MSR (Modem Status Regis-
ter)
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ISR BIT-0:

O=aninterruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

ISR BIT 1-2:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 3-7:
These bits are not used and are set to “0”.

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

BITA | BIT0 | Word length
0 0 5
0 1 6
1 0 7
1 1 8
LCR BIT-2:

The number of stop bits can be specified by this bit.

‘BIT-2 | Word length: | Stop bit(s)
0 5,6,7,8 1
1 5 1-1/2
1 6,7,8 2

LCR BIT-3:

Parity or no parity can be selected via this bit.

0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity isgenerated by forcing an odd number
of 1’s inthe transmitted data, receiver ailso checks for
same format.

1=EVEN parity bit is generated by forcing an even the
number of 1's in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).

0O=normal operating condition.

1=forces the transmitter output (TX) to go low to alert
the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
O=normal operation.

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
0=force DTR* output to high.
1=force DTR* output to low.
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MCR BIT-1:
0=force RTS* output to high.
1=force RTS* output to low.

MCR BIT-2:
not used except in local loop-back mode.

MCR BIT-3:

O=set INT output pin to three state mode and OP2*
output to high.

1=set INT output pin to normal operating mode and
OP2* output to low.

MCR BIT4:

O=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
thereceiverinput (RX),CTS* DSR*, CD* andRI*are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, MCR
bit-2 and OP2*/INT enable are connected to modem
control inputs.

In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER .

MCR BIT 5-7:
Not used. Are set to zero permanently.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.

LSR BIT-0:

0=no data in receive holding register

1=data has been received and saved in the receive
holding register.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before re-
ceive holding register was emptied.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information.

LSR BIT-3:

0=no framing error (normal).

1=framing error received, received data did not have
a valid stop bit. In

LSR BIT4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame).

LSR BIT-5:

O=transmit holding register is full. ST16C2450 will not
accept any data for transmission.

1=transmit holding register is empty. CPU can load
the next character.

LSR BIT-6:
O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty.

LSR BIT-7:
Not used. Set to “0”.

MODEM STATUS REGISTER (MSR)

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.

MSR BIT-0:
Indicates that the CTS* input to the ST16C2450 has
changed state since the last time it was read.
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MSR BIT-1:
Indicates that the DSR* input to the ST16C2450 has
changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST16C2450 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C2450 has
changed state since the last time it was read.

MSR BIT4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-6:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:
This bit is equivalent to MCR bit-2 during local loop-
back mode. It is the compliment of the RI* input.

MSR BIT-7:

This bit is equivalent to OP2*/INT enable in the MCR
during local loop-back mode. It is the compliment to
the CD* input.

Note: Whenever MSR BIT3-0: is set to logic “1”, a
MODEM Status Interrupt is generated.

SIGNALS RESET STATE
> High

opP2* High

RTS* High

DTR* High

INT Three state mode

SCRATCHPAD REGISTER (SR)

ST16C2450 provides a temporary data register to
store 8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

BAUD RATE | 16:xCLOCK | % ERROR
DIVISOR L
50 2304
75 1536
110 1047 0.026
134.5 857 0.058
150 768
300 384
600 192
1200 96
2400 48
3600 32
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 2.77
115.2K 1

ST16C2450 EXTERNAL RESET CONDITION

REGISTERS | RESET STATE
IER IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,
LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,
MSR BITS 4-7=input signal
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

| Symbol Parameter - Units |  Cond

T4 Clock high pulse duration 20 ns

T2 Clock low pulse duration 20 ns

Ts Clock rise/fall time 10 ns

Ts Chip select setup time 15 ns

Ts Chip select hold time 0 ns

T2 Data set up time 15 ns

T1s Data hold time 15 ns

Tia |IOW* delay from chip select 10 ns

T1s IOW* strobe width 50 ns

T1e Chip select hold time from IOW* 0 ns

T Wirite cycle delay 55 ns

Tw Write cycle=Tis+T7 105 ns

T Data hold time 15 ns

Tas IOR* delay from chip select 10 ns

T IOR* strobe width 65 ns

T Chip select hold time from IOR* 0 ns

Tas Read cycle delay 55 ns

Tr Read cycle=Tzs+T2s 115 ns

T2s Delay from IOR* to data 35 ns 100 pF load
Tas Delay from IOW* to output 50 ns 100 pF load
T2o Delay to set interrupt from MODEM 70 ns 100 pF load

input
Tso Delay to reset interrupt from IOR* 70 ns 100 pF load
Ta Delay from stop to set interrupt 1Rek ns 100 pF load
Ts2 Delay from IOR* to reset interrupt 200 ns 100 pF load
Tas Delay from initial INT reset to transmit 8 24 *
start

Taa Delay from stop to interrupt 100 ns

Tss Delay from IOW* to reset interrupt 175 ns

N Baud rate devisor 1 216-1

Note 1: * = Baudout* cycle
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70°C, Vcc=5.0 V = 10% unless otherwise specified.
Symbol | Parametér", . F' ‘ lelts ‘ : ‘Uh’i.tsbl | Conditions
— Min  Typ Max : R i
Vieek Clock input low level -0.5 0.6 \
Vinek Clock input high level 3.0 VvCC \%
Vi Input low level -0.5 0.8 \
Vin Input high level 2.2 VvCcC \'
Vol Output low level on all outputs 0.4 \% lou=6 mA
VoH Output high level 24 \' low= -6 mA
lcc Avg. power supply current 6 mA
I Input leakage +10 A
le Clock leakage +10 pA

This product can operate in 3.0 Volts environment. Please consult with factory for additional information.

CLOCK TIMING
T2 _
P>
| |
EXTERNAL | !
CLOCK |

CLOCK PERIOD

CLOCK PERIOD
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GENERAL READ TIMING

AO0-A2

Csx*

IOR*

DO-D7

LE,‘ »l « T
|
T21 |l T23 T24 T25
|
T26 4 L—N T19

162450-RD-1

GENERAL WRITE TIMING

AO0-A2

CSx*

IoOW*

D0-D7

;4___” |l<‘ T9

| |
%\ VG
T14 T15 T16 T17

162450-WD-1
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MODEM TIMING

Iow*

RTS*
DTR*

CD
CTs
DSR

INTx

IOR*

RI

|
T30 » |« h»i T29
|
|
|
|
|
|
|
|

—

162450-MD-1
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[2]
Q
N
H
(3]
o
RECEIVE TIMING
START BIT
- DATABITS (5-8) STOP BIT
- > e
/N
RX \ A DOJ D1 LmJ D3 LmJ D5 LDGJ D7W
SR [N PR FEU SN (R E P |
O] > i e
> DATABITS | PARITYBIT! NEXT
I | DATA
6 DATABITS o | STARTBIT
- | |
7 DATABITS . > € T31
| [
L /—
INTx Lo |
) |
L 32 B
1
IOR* o
|

/_
/
/
/
/
/ —
/

< >
16 BAUD RATE CLOCK 162450-RX-1
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TRANSMIT TIMING

START BIT
P DATA BITS (5-8) STOP BIT
¢ > D
VAR
> \l K\ DOJ D1 lon D3 l D4J D5 1 DGJ D7 W
DN IS IR AU EPNN NNV NUNIN R |
| > B R
! S DATABITS | PARITYBIT| NEXT
! 6 DATABITS b | STARTBIT
I < > : {
! 7 DATABITS ! | > }¢ T34
I ! |
| |
| [
INTX *! [+ T33 ! | Y/ ;\
| L T35 B e
L
| |

<

16 BAUD RATE CLOCK 162450-TX-1
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DESCRIPTION ]

The ST16C450 is a universal asynchronous receiver
and transmitter. A programmable baud rate genera-
tor is provided to select transmit and receive clock
rates from 50Hz to 1.5 MHz.

The ST16C450 is an improved version of the
NS16C450 UART with higher operating speed and
lower access time. The ST16C450 on board status
registers provides the error conditions, type and
status of the transfer operation being performed.
Included is complete MODEM control capability, and
a processor interrupt system that may be software
tailored to the user’s requirements. The ST16C450
provides internal loop-back capability for on board
diagnostic testing.

The ST16C450 is fabricated in an advanced 1.2u
CMOS process to achieve low drain power and high
speed requirements.

FEATURES ]

*Pin to pin and functional compatible to
NS16450,VL16C450,WD16C450

* Modem control signals (CTS*, RTS*, DSR*, DTR*,
RI*, CD*

* Programmable character lengths (5, 6, 7, 8)

* Even, odd, or no parity bit generation and detection

* Status report register

* Independent transmit and receive control

* TTL compatible inputs, outputs

* 460.8 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

ORDERING INFORMATION ]
Part number Package Operating temperature
ST16C450CP40 Plastic-DIP  0°C to+70°C
ST16C450CJ44 PLCC 0°C to+70°C
ST16C450CQ48 TQFP 0°C to+70°C

* Industrial operating range are available.
Rev. 1.0
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PLCC Package
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ol el M P S R[] F F] ]
ps 7] 39| RESET
o6 [ | O E]om'
o7 [9] 37] DTR*
ReLk [10] 36] RTS*
RX [11 35 ] op2
Ne. [12 8T16C450CJ44 [34] NC.
TX% 33] INT
cso [14] 3z] NC.
cs1 [15] 31] A0
cs2* [16 [30] A1
BAUDOUT* [17 [20] A2
(=] [2] 18] 5] 18] [e] =] [#] [=] [&] [#]
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Plastic-DIP Package

Do [1] —/ [40] vee
D1 [2] [39] RI*
D2 (3] 1 38] CD*
D3 (4] [37] DSR*
D4 [5] [36] cTs*
D5 (6] [ 35] RESET
06 [7] 34] oP1*
p7 [&] [33] DTR*
RCLK [9] 09'. E RTS*
RX [10} O [31] oP2*
™ (1] § [30] INT
cso [42] 5‘5 29] N.C.
cs1 E u'_D [ 28] A0
cs2* (4] 27] A1
BAUDOUT* (15} [26] A2
XTAL1 [16] [ 25] As*
XTAL2 [17 ] 24] csouT
low* [18] 23] DDIS*
low [19] [22] IOR
GND [20] 1 21] IOR*
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SYMBOL DESCRIPTION

Syrhbol .

.40

Pin

44

Signal Type

Pin Description

D0-D7

RCLK

X

Cs0
Cs1

cs2*

BAUDOUT*

XTAL1

1-8

10

11

12

13

14

15

16

2-9

10

11

13

14

15

16

17

18

110

Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

Receive clock input. The external clock input to the
ST16C450 receiver section if receiver data rate is different
from transmitter data rate.

Serial data input. The serial information (data) received
from serial port to ST16C450 receive input circuit. A mark
(high) is logic one and a space (low) islogic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

Serial data output. The serial data istransmitted via this pin
with additional start, stop and parity bits. The TXwill be held
in mark (high) state during reset, local loopback mode or
when the transmitter is disabled.

Chip select 1 (active high). A high at this pin enables the
ST16C450 / CPU data transfer operation.

Chip select 2 (active high). A high at this pin enables the
ST16C450 / CPU data transfer operation.

Chip select 3 (active low). A low at this pin (while CS0=1
and CS1=1) will enable the ST16C450 / CPU data transfer
operation.

Baud rate generator clock output. This output provides the
16x clock of the internal selected baud rate. RCLK pin is
connected externally to BAUDOUT* pin to provide the
receiver clock.

Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

%]
-
—
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SYMBOL DESCRIPTION

_ PinDescription

GND

IOR*

IOR

DDIs*

CSOouT

AS*

A2

A1

AO

18

19

20

21

22

23

24

25

26

27

28

22

24

25

26

27

28

29

30

31

Crystal input 2 or buffered clock output. See XTAL1.

Write strobe (active low). A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

Write strobe (active high). Same as IOW*, but uses active
high input. Note that only an active IOW* or IOW input is
required to transfer data from CPU to ST16C450 during
write operation. All the unused pin should be tied to VCC or
GND.

Signal and power ground.

Read strobe (active low). A low level on this pin transfers
the contents of the ST16C450 data bus to the CPU.

Read strobe (active high). Same as IOR*, but uses active
high input. Note that only an active IOR* or IOR input is
required to transfer data from ST16C450 to CPU during
read operation. All the unused pin should be tied to VCC
or GND.

Drive disable (active low). This pin goes low when the CPU
is reading data from the ST16C450 to disable the external
transceiver or logic’s.

Chip select out. A high on this pin indicates that the
ST16C450 has been enabled by the chip select pin.

Address strobe (active low). A low on this pin will latch the
state of the chip selects and addressed register (A2-A0).
This input is used when signals are not stable for the
duration of a read or write operation. If not required, tie the
AS* input permanently low.

Address select line 2. To select internal registers.
Address select line 1. To select internal registers.

Address select line 0. To select internal registers.
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SYMBOL DESCRIPTION

| SignaiType |  PinDescription

INT 30 33 (0] Interrupt output (active high). This pin goes high (when
enabled by the interrupt enable register) whenever a re-
ceiver error, receiver data available, transmitter empty, or
modem status condition flag is detected.

oP2* 31 35 (o] General purpose output (active low). User defined output.
See bit-3 modem control register (MCR bit-3).

RTS* 32 36 O Request to send (active low). To indicate that the transmit-
ter has data ready to send. Writing a “1” in the modem
control register (MCR bit-1 ) will set this pin to a low state.
Afterthe reset this pin will be set to high. Note that this pin
does not have any effect on the transmit or receive opera-
tion.

DTR* 33 37 (@] Data terminal ready (active low). To indicate that
ST16C450 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a “1” atthe MCR bit-O will set the DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset . Note that this pin does not have
any effect on the transmit or receive operation.

OP1* 34 38 o General purpose output (active low). User defined output.
See bit-2 of modem control register (MCR bit-2).

RESET 35 39 | Master reset (active high). A high on this pin will reset all
the outputs and internal registers. The transmitter output
and the receiver input will be disabled during reset time.

CTS* 36 40 | Clear to send (active low). The CTS* signal is a MODEM
control function input whose conditions can be tested by
reading the MSR BIT-4. CTS* has no effect on the transmit
or receive operation.

DSR* 37 41 | Data set ready (active low). A low on this pin indicates the
MODEM is ready to exchange data with UART. This pin
does not have any effect on the transmit or receive opera-
tion.
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description
‘ 40 4 '

CcD* 38 42 | Carrier detect (active low). A low on this pin indicates the
carrier has been detected by the modem.

RI* 39 43 | Ring detectindicator (active low). A lowonthis pinindicates
the modem has received a ringing signal from telephone
line.

VCC 40 44 | Power supply input.

All unused input pins should be tied to VCC or GND.

PROGRAMMING TABLE

READ MODE

>
N
>
-
>
(=]

WRITE MODE

Receive Holding Register
Interrupt Status Register
Line Status Register

Modem Status Register
Scratchpad Register

OO == 22 20000
OO0 -2 2002200
PR o R S o R G, R G o, Y o 1

Transmit Holding Register
Interrupt Enable Register

Line Control Register
Modem Control Register

Scratchpad Register
LSB of Divisor Latch
MSB of Divisor Latch
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ST16C450 ACCESSIBLE REGISTERS

'A2A1A0 | Register | BIT-7 | BIT6 | BITS | BIT4 | BIT3 | BIT-2 | BIT1 | BITO
000 RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 IER 0 0 0 0 modem | receive |transmit| receive
status line holding | holding
interrupt| status | register| register
interrupt
010 ISR 0 0 0 0 0 int int int
priority | priority | status
bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop opP2* OP1* RTS* | DTR*
back
101 LSR 0 trans. trans. break | framing | parity | overrun| receive
empty | holding |interrupt| error error error data
empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CD* RI* DSR* | CTS*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 0 1 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1”.
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REGISTER FUNCTIONAL DESCRIPTIONS
TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

Onthe falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RX input. Receiver status codes will
be posted in the Line Status Register.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C450 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-24 MHz and dividing it by any divisor from 1
to 216 -1. The output frequency of the Baudout* is
equal to 16X of transmission baud rate (Baudout*=16
x Baud Rate). Customize Baud Rates can be
achieved by selecting proper divisor values for MSB
and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.

IER BIT-0:
0=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 7-4:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C450 provides four level prioritized inter-
rupt conditions to minimize software overhead during
data character transfers. The Interrupt Status Regis-
ter (ISR) provides the source of the interrupt in priori-
tized matter. During the read cycle the ST16C450
provides the highest interrupt level to be serviced by
CPU. No other interrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

P [D2|D1|D0| Source of the interr

1111110 LSR (Receiver Line Status
Register)

211)]01(0 RXRDY (Received Data
Ready)

3101110 TXRDY( Transmitter Holding
Register Empty)

410(|10¢|0O MSR (Modem Status Regis-
ter)

3-44



ST16C450

ISR BIT-0:

O=aninterruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

ISR BIT 1-2:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 3-7:
These bits are not used and are set to “0”.

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word Iength to be transmit-
ted or received.

5§B,|T-1f | BIT-0 Word{l'eh‘gth} ﬁ
0 0 5
0 1 6
1 0 7
1 1 8
LCR BIT-2:

The number of stop bits can be specified by this bit.

2 | Wordlength | sto
0 5,6,7,8 1
1 5 1-1/2
1 6,7,8 2

LCR BIT-3:

Parity or no parity can be selected via this bit.

0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity is generated by forcing an odd number
of 1's in the transmitted data, receiver also checks for
same format.

1= EVEN parity bit is generated by forcing an eventhe
number of 1’s in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).

0=normal operating condition.

1=forces the transmitter output (TX) to go low to alert
the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
0=normal operation.

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
0=force DTR* output to high.
1=force DTR* output to low.
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MCR BIT-1:
=force RTS* output to high.
1=force RTS* output to low.

MCR BIT-2:
=set OP1* output to high.
1=set OP1* output to low.

MCR BIT-3:
0=set OP2* output to high.
1=set OP2* output to low.

MCR BIT-4:

O=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
thereceiverinput (RX),CTS* DSR* CD* andRI*are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, OP1*
and OP2* are connected to modem control inputs.
In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER.

MCR BIT 5-7:
Not used. Are set to zero permanently.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.

LSR BIT-0:

0=no data in receive holding register

1=data has been received and saved in the receive
holding register.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information.

LSR BIT-3:

0=no framing error (normal).

1=framing error received, received data did nothave
a valid stop bit. In

LSR BIT-4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame).

LSR BIT-5:

O=transmit holding register is full. ST16C450 will not
accept any data for transmission.

1=transmit holding register is empty. CPU can load
the next character.

LSR BIT-6:
O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty.

LSR BIT-7:
Not used. Set to “0”.

MODEM STATUS REGISTER (MSR)

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.

MSR BIT-0:
Indicates that the CTS* input to the ST16C450 has
changed state since the last time it was read.

MSR BIT-1: ‘
Indicates that the DSR* input to the ST16C450 has
changed state since the last time it was read.
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MSR BIT-2:
Indicates that the RI* input to the ST16C450 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C450 has
changed state since the last time it was read.

MSR BIT-4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-5:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:
This bit is equivalent to OP1 in the MCR during local
loop-back mode. It is the compliment of the RI* input.

MSR BIT-7:
This bit is equivalent to OP2 in the MCR during local
loop-back mode. Itis the compliment to the CD* input.

Note: Whenever MSR BIT3-0: is set to logic “1”, a
MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR}

ST16C450 provides a temporary data register to store
8 bits of information for variable use.

™ High
oP1* High
oP2* High
RTS* High
DTR* High
INT Low

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

"BAUD RATE |
50
75
110 1047 0.026
134.5 857 0.058
150 768
300 384
600 192
1200 96
2400 48
3600 32
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 2.77
115.2K 1

ST16C450 EXTERNAL RESET CONDITION

REGISTERS | RESETSTATE

IER IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,

LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,

MSR BITS 4-7=input signals
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vce=5.0 V £ 10% unless otherwise specified.

T1 Clock high pulse duration 20 ns
T2 Clock low pulse duration 20 ns
Ts Clock rise/fall time 10 ns
Ta Baud out rise/fall time 100 ns 100 pF load
Ts Address strobe width 30 ns
Te Address setup time 15 ns
T7 Address hold time 15 ns
Ts Chip select setup time 5 ns
To Chip select hold time 0 ' ns
To CSOUT delay from chip select 10 ns
T IOR* to DDIS* delay 35 ns 100 pF load
T Data setup time ) 15 ns Note: 1
T Data hold time 15 ns Note: 1
T IOW* delay from chip select 10 ns Note: 1
Tis |IOW* strobe width 55 ns
Tt Chip select hold time from IOW* 10 ns Note: 1
T Write cycle delay 55 ns
Tw Write cycle=Tis+T17 105 ns
Tre Data hold time 15 ns
T2 IOR* delay from chip select 25 ns Note: 1
Tas IOR* strobe width 65 ns _
Tas Chip select hold time from IOR* 0 ns Note: 1
Tas Read cycle delay 55 ns
Tr Read cycle=Tz+T2s 115 ns
Tas Delay from IOR* to data 25 ns 100 pF load
Tas Delay from |IOW* to output 50 ns 100 pF load
T2o Delay to set interrupt from MODEM 70 ns 100 pF load
input
Tso Delay to reset interrupt from IOR* 70 ns 100 pF load
Tat Delay from stop to set interrupt 1Rek * 100 pF load
Taz Delay from IOR* to reset interrupt 200 ns | 100 pF load
Tas Delay from initial INT reset to transmit 8 24 *
start
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AC ELECTRICAL CHARACTERISTICS
T,=0°-70° C, Vce=5.0 V + 10% unless otherwise specified. \
_ Conditions
Tas Delay from stop to interrupt 100 ns
Tas Delay from IOW* to reset interrupt 175 ns
N Baud rate devisor 1 216-1
Note 1: Applicable only when AS* is tied low.

N.C.
D3
D2
D1
Do
RI*

)
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I
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m
)
[42] wvee
a
[40] co
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]
oois* [22 |
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature

7 Volts

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70C, Vcc=5.0 V = 10% unless otherwise specified.
symbol | Parameter ‘ - Limits: | Units |  Conditions
: o S 'Min 'Typ “Max | o
Viek Clock input low level -0.5 0.6 \%
ViHek Clock input high level 3.0 VCC \
Vi Input low level -0.5 0.8 \
Vi Input high level 2.2 VCC \
VoL Output low level on all outputs 0.4 \ lo.=6 mA
Vou Output high level 24 \ low= -6 MA
lec Avg. power supply current 6 mA
I Input leakage +10 pA
leu Clock leakage +10 pA

This product can operate in 3.0 Volts environment. Please consult with factory for additional information.
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GENERAL READ TIMING
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GENERAL WRITE TIMING
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MODEM TIMING
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RI

x|
©

-
|
|
———
|
|
.
-

T

3-54

16450-MD-1



ST16C450

»
-
-
2]
o
H
(24
o
RECEIVE TIMING
|
START BIT
> DATABITS (5-8) STOP BIT
D I e
VAR
RX Vof DOJ D1 Lozj D3 l D4J D5 L DGJ D7 W
(NP PR ER FDREDI SN SN S N |
I L
SDATABITS | PARITYBIT! NEXT
€ O R | DATA
6 DATABITS Lo | STARTBIT 3
-« o :
7 DATABITS ! | > :,¢ 31
] —\
| l ! !
INT | I i
; | |
L [
L T32 M
IOR* L N
IOR L

S T —_————— ~——

16 BAUD RATE CLOCK 16450-RX-1




ST16C450

0Sv091L1S

TRANSMIT TIMING

STOP BIT

START BIT
D e |

DATABITS (5-8)

e
[

START BIT
34

i
NEXT

DATA

5 DATABITS
6 DATABITS
7 DATABITS

TX

1
|
|
<+

INT

B
Ll

16450-TX-1

16 BAUD RATE CLOCK

3-56



#2) STARTECH ST16C454

An 72 EXARCompany Printed August 3, 1995
QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER

DESCRIPTION ] PLCC Package
The ST16C454 is a quad universal asynchronous 5538 sss8323853%8 g 89358
receiver and transmitter. A programmable baud rate [ololaloiciclalnisialicla [:_,fl B 7 B ]
generator is provided to select transmit and receive I 5] oo
clock rates from 50Hz to 1.5 MHz. crsa (77 O 1 crsor
The ST16C454 is an improved version of the (@ (5] oo
NS16C450 UART with higher operating speed and vee [13 5] onp
lower access time. The ST16C454 on board status Rrsa” [14 [5¢] rrsor
registers  provides the error conditions, type and e e E'“"f
status of the transfer operation being performed. = o e
Included is complete MODEM control capability, and \ow [38 ST16C454C 68 52] 1or"
a processor interrupt system that may be software e [1] 51) ™c
tailored to the user’s requirements. The ST16C454 cse (2] Bl
provides internal loop-back capability for on board wre [21] 2 wre
diagnostic testing. R::, % : ::scc
The ST16C454 is fabricated in an advanced 1.2u omer (3] 6] ome:
CMOS process to achieve low drain power and high crser 3] %] crsc:
speed requirements. osre® [26] [ 4] osrer
BEEEEEEEREEEERIEEER
felEg¥ iibociily

FEATURES |

* Quad ST16C450

* Pin-to-pin compatible to ST16C554

* Modem control signals (CTS*, RTS*, DSR*, DTR*,
RI*, CD*)

* Programmable character lengths (5, 6, 7, 8)

 Even, odd, orno parity bit generation and detection

» Status report register

* Independent transmit and receive control

» TTL compatible inputs, outputs

* 460.8 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

ORDERING INFORMATION ]
Part number Package Operating temperature
ST16C454CJ68 PLCC 0°C to+70°C
ST16C4541J68 PLCC -40°C to+85°C

Rev. 1.0 3-57
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BLOCK DIAGRAM
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SYMBOL DESCRIPTION

_Symbol |  Pin Signal Type | Pin Description

DO0-D7 5-66 110 Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

RX A-B 7,29

RX C-D 41,63 | Serial data input. The serial information (data) received
from serial port to ST16C454 receive input circuit. A mark
(high) is logic one and a space (low) islogic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

TXA-B 17,19

TXC-D 51,53 o Serial data output. The serial datais transmitted via this pin
with additional start, stop and parity bits. The TX will be held
in mark (high) state during reset, local loopback mode or
when the transmitter is disabled.

CS*A-B 16,20

cs*C-D 50,54 | Chip select (active low). A low at this pin enables the
ST16C454 / CPU data transfer operation. Each UART
section of the ST16C454 can be accessed independently.

XTAL1 35 | Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

XTAL2 36 (0] Crystal input 2 or buffered clock output. See XTAL1.

IOW* 18 | Write strobe (active low). A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

GND 6,23

GND 40,57 (©) Signal and power ground.

IOR* 52 | Read strobe (active low.) A low level on this pin transfers
the contents of the ST16C454 data bus to the CPU.

INTSEL 65 | Interrupt type select. Enable /disable the interrupt three

state function. Normal interrupt output can be selected by
connecting this pin to VCC ( MCR bit-3 does not have any
effect on the interrupt output ). The three state interrupt
output is selected when this pin is left open or connected to
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SYMBOL DESCRIPTION

_ PinDescripion

A2

A1

A0

INT A-B
INT C-D

RTS*A-B
RTS* C-D

DTR* A-B
DTR* C-D

RESET

CTS*A-B
CTS*C-D

DSR* A-B
DSR*C-D

32
33
34

15,21
49,55

14,22
48,56

12,24
46,58

37

11,25
45,59

10,26
44,60

GND and MCR bit-3 is set to “1”.

Address select line 2. To select internal registers.
Address select line 1. To select internal registers.

Address select line 0. To select internal registers.

Interrupt output. (active high) This pin goes high (when
enabled by the interrupt enable register) whenever a re-
ceiver error, receiver data available, transmitter empty, or
modem status condition flag is detected.

Request to send. (active low) To indicate that the transmit-
ter has data ready to send. Writing a “1” in the modem
control register (MCR bit-1 ) will set this pin to a low state.
Afterthe reset this pin will be set to high. Note that this pin
does not have any effect on the transmit or receive opera-
tion.

Data terminal ready. (active low) To indicate that
ST16C454 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a“1” atthe MCR bit-0 will setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset . Note that this pin does not have
any effect on the transmit or receive operation.

Master reset. (active high) A high on this pin will reset all the
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

Clear to send. (active low) The CTS* signal is a MODEM
control function input whose conditions can be tested by
reading the MSR BIT-4. CTS* has no effect on the transmit
or receive operation.

Data set ready. (active low) A low on this pin indicates the
MODEM is ready to exchange data with UART. This pin
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SYMBOL DESCRIPTION
_symbol Pin | signal Type  Pin Description
does not have any effect on the transmit or receive opera-
tion.
CD*A-B 9,27
CcD*C-D 43,61 | Carrier detect. (active low) A low on this pin indicates the
carrier has been detected by the modem.
RI* A-B 8,28
RI* C-D 42,62 | Ring detect indicator. (active low) A low on this pin indicates
the modem has received a ringing signal from telephone
line.
VCC 13,30
VCC 47,64 | Power supply input.
PROGRAMMING TABLE
A2 | A1 | A0 | READMODE | WRITEMODE
0 0 0 Receive Holding Register Transmit Holding Register
0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register
0 1 1 Line Control Register
1 0 0 Modem Control Register
1 0 1 Line Status Register
1 1 0 Modem Status Register
1 1 1 Scratchpad Register Scratchpad Register
0 0 0 LSB of Divisor Latch
0 0 1 MSB of Divisor Latch
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ST16C454 ACCESSIBLE REGISTERS

A2A1A0 |Register | BIT-7 | BIT-6 | BIT5 | BIT4 | BIT3 | BIT:2 | BIT-1 | BIT-0
00O RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 01 IER 0 0 0 0 modem | receive [transmit | receive

status line holding | holding
interrupt | status |register | register
interrupt
010 ISR 0 0 0 0 0 int int int
priority | priority | status
bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop INT Not RTS* DTR*
back | enable | used
101 LSR 0 trans. trans. break |[framing | parity [overrun | receive
empty | holding |interrupt| error error error data
empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CcDh* RI* DSR* | CTs*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1”.
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REGISTER FUNCTIONAL DESCRIPTIONS
TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

On the falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike onthe RX input. Receiver status codes will
be posted in the Line Status Register.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C454 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-24 MHz and dividing it by any divisor from 1
to 216 -1. The output frequency of the Baudout* is
equal to 16X of transmission baud rate (Baudout*=16
x Baud Rate). Customize Baud Rates can be
achieved by selecting proper divisor values for MSB
and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.

IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 7-4:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C454 provides four level prioritized inter-
rupt conditions to minimize software overhead during
data character transfers. The Interrupt Status Regis-
ter (ISR) provides the source of the interrupt in priori-
tized matter. During the read cycle the ST16C454
provides the highest interrupt level to be serviced by
CPU. No other interrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

1]1411]0 LSR (Receiver Line Status
Register)

2(1]101]0 RXRDY (Received Data
Ready)

3|01} 0O0 TXRDY( Transmitter Holding
Register Empty)

410]0]0 MSR (Modem Status Regis-
ter)

ISR BIT-0:

O=an interruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

3-63

w
-
-
23
o
&
L2
&




ST16C454

ST16C454

ISR BIT 1-2:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 3-7:
These bits are not used and are set to “0”.

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

BIT-1| BIT0 |  Word length
0 0 5
0 1 6
1 0 7
1 1 8
LCR BIT-2:

The number of stop bits can be specified by this bit.

BIT-2 | Word length | Stop bit(s)
0 56,7,8 1
1 5 1-1/2
1 6,7,8 2
LCR BIT-3:

Parity or no parity can be selected via this bit.

0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT-4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity is generated by forcing an odd number
of 1’s in the transmitted data, receiver also checks for
same format.

1=EVEN parity bit is generated by forcing an even the
number of 1’s in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).

O=normal operating condition.

1=forces the transmitter output (TX) to go low to alert
the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
0=normal operation.

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
0=force DTR* output to high.
1=force DTR* output to low.

MCR BIT-1:
0=force RTS* output to high.
1=force RTS* output to low.

MCR BIT-2:
Not used except, in internal loop-back mode.
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MCR BIT-3:
O=set INT output pin to three state mode.
1=set INT output pin to normal operating mode.

MCR BIT4:

O=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
thereceiverinput (RX),CTS*, DSR*, CD*, andRI*are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, MCR
bit-2 and INT enable are connected to modem control
inputs.

In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER .

MCR BIT 5-7:
Not used. Are set to zero permanently.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.

LSR BIT-0:

0=no data in receive holding register

1=data has been received and saved in the receive
holding register.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information.

LSR BIT-3:

0=no framing error (normal).

1=framing error received, received data did not have
a valid stop bit. In

LSR BIT-4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame).

LSR BIT-5:

O=transmit holding register is full. ST16C454 will not
accept any data for transmission.

1=transmit holding register is empty. CPU can load
the next character.

LSR BIT-6:
O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty.

LSR BIT-7:
Not used. Set to “0”.

MODEM STATUS REGISTER (MSR)

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.

MSR BIT-0:
Indicates that the CTS* input to the ST16C454 has
changed state since the last time it was read.

MSR BIT-1:

Indicates that the DSR* input to the ST16C454 has
changed state since the last time it was read.

MSR BIT-2:

Indicates that the RI* input to the ST16C454 has
changed from a low to a high state. -
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MSR BIT-3:
Indicates that the CD* input to the ST16C454 has
changed state since the last time it was read.

MSR BIT4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-5:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:
This bit is equivalent to MCR bit-2 during local loop-
back mode. It is the compliment of the RI* input.

MSR BIT-7:

This bit is equivalent to INT enable in the MCR during
local loop-back mode. It is the compliment to the CD*
input. '

Note: Whenever MSR BIT3-0: is set to logic “1”, a
MODEM Status Interrupt is generated.
SCRATCHPAD REGISTER (SR)

ST16C454 provides atemporary data registerto store
8 bits of information for variable use.

 RESETSTATE |
High
RTS*AD | High
DTR*A-D | High
INT A-D Three state

BAUD RATE GENERATOR PROGRAMMING

TABLE (1.8432 MHz CLOCK):

1200
2400
3600
4800
7200
9600
19.2K
38.4K
56K
1156.2K

2304
1536
1047
857
768
384
192
96
48
32
24
16

ANWOD

0.026
0.058

2.77

ST16C454 EXTERNAL RESET CONDITION

REGISTERS | RESET STATE
IER IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,
LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,
MSR BITS 4-7=input signals
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V = 10% unless otherwise specified.

Parameter
Ts Clock high pulse duration
T2 Clock low pulse duration
Ts Clock rise/fall time
Te Chip select setup time
To Chip select hold time
T2 Data set up time
T Data hold time
Tia IOW* delay from chip select 10 ns
T1s IOW* strobe width 50 ns
T Chip select hold time from IOW* 0 ns
T Write cycle delay 55 ns
Tw Write cycle=Tis+T17 105 ns
Tie Data hold time 15 ns
T2t IOR* delay from chip select 10 ns
T2s IOR* strobe width 65 ns
Taa Chip select hold time from |IOR* 0 ns
Tas Read cycle delay 55 ns
Tr Read cycle=Tzxs+T2s 115 ns
T2z Delay from IOR* to data 35 ns 100 pF load
T2 Delay from IOW* to output 50 ns 100 pF load
Tas Delay to set interrupt from MODEM 70 ns 100 pF load
input
Tso Delay to reset interrupt from IOR* 70 ns 100 pF load
Ta1 Delay from stop to set interrupt 1Rrek ns 100 pF load
Ts2 Delay from IOR* to reset interrupt 200 ns 100 pF load
Tas Delay from initial INT reset to transmit 8 24 *
start
Taa Delay from stop to interrupt 100 ns
Tss Delay from IOW* to reset interrupt 175 ns
Taa Delay from stop to set RxRdy 1rok
Tss Delay from IOR* to reset RxRdy 1 us
Tas Delay from IOW* to set TxRdy 195 ns
Ta Delay from start to reset TxRdy 8 *
N Baud rate devisor 1 216-1
Note 1: * = Baudout* cycle
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=5.0V £ 10% unless otherwise specified.

A

7 Volts

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C
500 mW

_Symbol | , Parameter . Limits | Units |
- = Min Typ Max | L
Viek Clock input low level -0.5 0.6 \%
ViHek Clock input high level 3.0 VCC \%
Vi Input low level -0.5 0.8 \%
" Input high level 22 VCC \%
Vo Output low level on all outputs 0.4 \' lo.= 6 mA
Von Output high level 2.4 Y low= -6 mA
lec Avg. power supply current 6 mA
I Input leakage 10 A
leu Clock leakage 10 uA

This product can operate in 3.0 Volts environment. Please consult with factory for additional information.
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CLOCK TIMING
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|
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GENERAL WRITE TIMING

A0-A2

csx*

Iow*

DO-D7

| T8 _A:q_-rg

el TS AMTe T
T12'7_‘_____’_,<_'\’!T13 JRE—
7/ S 7/ S 7

162450-WD-1

3-70



ST16C454

MODEM TIMING
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RECEIVE TIMING
START BIT
A DATABITS (5-8) STOP BIT
« >
VAR
RX \ DOJ D1 Lozj D3 LD4J D5 LD6J o7 X /|
SRR FER ESSNE JNR N DR S G |
e |
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< > [ | DATA
6 DATABITS o | STARTBIT
»!
€ |
7 DATABITS g | > - a1
| /.
INTx - |
' [
P N
L T2 M e
T
IOR* | !
|

16 BAUD RATE CLOCK 162450-RX-1
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TRANSMIT TIMING
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STARTECH ST68C454

An 722 EXARCompany Printed August 3, 1995
QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER

DESCRIPTION ] PLCC Package
The ST68C454 is a quad universal asyn(I:hrono:Js 5538 ssssassss88588
receiver and transmitter with modem control signals. CRE F R R R R A R R alnie
Designed to interface with MOTOROLA, e Eglﬂﬂﬂ FLCL 1] o]l ) 1] )] ) i) osee
ROCKWELL, HITACHI bus and other popular micro- crsw 0] O ] crsor
processors. An internal programmable baud rate gen- oma [32] 58] oo
erator is provided to select transmit and receive clock vee [13] 57] oMo
rates from 50Hz to 1.5 MHz. rrsa [34] [56] Rrsor
The ST68C454 is an improved, quad version of the - % % .
NS16450 UART with faster operating access time. a [ ] o
The on board status registers will provide the error - [i2] STE8CAS4CIEE %] ne.
conditions, type and status of the transfer operations e [19] s1] ™c
being performed. Complete MODEM control capabil- » =] 0] m
ity, and a processor interrupt system that may be "‘°_'[—T'~ Bone
software tailored to the user's requirements to mini- "0 ™ =
mize the computing required to handle the communi- ome: (2] %] omer
cations link. crser (3] ) crser
The ST68C454 is fabricated in an advanced 1.2u osre" 26 [44] osrer
CMOS process to achieve low drain power and high R T&T R B o] o] =] o] o] [T To] [8] o] [T 1<) (&) 2]
speed requirements. Bei8g2zIiLddgiey

<y

FEATURES
* Motorola, Rockwell, Hitachi bus compatible
* Quad ST16C450
* Modem control signals (CTS*,RTS*, DSR*, DTR*,

RI*, CD*)

* Programmable character lengths (5, 6, 7, 8)

¢ Even, odd, or no parity bit generation and detection

« Status report register

* TTL compatible inputs, outputs

* 460.8 kHz transmit/receive operation with 7.372
MHz external clock source

ORDERING INFORMATION -|
Part number Package Operating temperature
ST68C454CJ68 PLCC 0°C to+70°C
ST68C4541J68 PLCC -40° C to +85°C

Rev. 1.0 3-75
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SYMBOL DESCRIPTION

_ Symbol .. Pin._ | Signal Type | ~_ Pin Description

D7-D0 5-66 1/10 Bi-directional data 1/0. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

RX A/B 7,29

RX C/D 41,63 | Serial data input . The serial information received from
MODEM or RS232 to ST68C454 receive circuit. A mark
(high) islogic one and a space (low) is logic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

TXA/B 17,19

TXC/D 51,53 (o] Serial data output A. The serial data of channel A is
transmitted via this pin with additional start, stop and parity
bits. The TX will be held in mark (high) state during reset,
local loopback mode or when the transmitter is disabled.

cs* 16 | Chip select (active low). A low at this pin will enable the
UART A-D CPU data transfer operation.

XTALA1 35 | Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

XTAL2 36 @) Crystal input 2. See XTAL1.

R/W* 18 | Read/Write strobe. A low on this pin will transfer the
contents of the CPU data bus to the addressed register. A
high on this pin will transfer the contents of the ST68C454
data bus to the CPU.

CD* A/B 9,27

CD*C/D 43,61 | Carrier detect A-D (active low). A low on this pin indicates
that carrier has been detected by the modem.

GND 6,23,31

GND 40,57 (o] Signal and power ground.

DSR* A/B 10,26

DSR* C/D 44,60 | Data set ready A-D. (active low) A low on this pin indicates
that MODEM is ready to exchange data with UART.
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SYMBOL DESCRIPTION

RI* A/B
RI*C/D

RTS* A/B
RTS*C/D

CTS*AB
CTS*C/D

A4
A3
A2
Al

A0

IRQ*

DTR* A/B
DTR* C/D

RESET*

8,28
42,62

14,22
48,56

11,25
45,59

50
20
32
33

34

15

12,24
46,58

37

Ring detect A-D indicator . (active low) A low on this pin
indicates that modem has received a ringing signal from
telephone line.

Request to send A-D. (active low) To indicate that transmit-
ter has data ready to send. Writing a “1” in the modem
control register (MCR bit-1 ) will set this pin to low state.
After the reset this pin will be set to high.

Clear to send A-D. (active low) The CTS* signal s a
MODEM control function input whose conditions can be
tested by readingthe MSR BIT-4. CTS* has no effect onthe
transmitter output.

Address line 4. To select one of the four UARTS.
Address line 3. To select one of the four UARTS.
Address line 2. To select internal registers.
Address line 1. To select internal registers.

Address line 0. To select internal registers.

Interrupt output. (active low open collector) This pin goes
low (when enabled by the interrupt enable register) when-
ever a receiver error, receiver data available, transmitter
empty or modem status condition flag is detected on UART
A-D.

Data terminal ready A-D. (active low) To indicate that
ST68C454 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a“1” atthe MCR bit-0 will setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset.

Master reset. (active low) A low on this pin will reset all the
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SYMBOL DESCRIPTION

Pin | signalType|  PinDescription

outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

VCC 13,30
VCC 47,64 | Power supply input.
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PROGRAMMING TABLE

Line Status Register

Scratchpad Register

OO0 A2 =22000O0
00200~~~ 00
- 000 -—_0-0

Receive Holding Register

Interrupt Status Register

Modem Status Register

Transmit Holding Register
Interrupt Enable Register

Line Control Register
Modem Control Register

Scratchpad Register
LSB of Divisor Latch
MSB of Divisor Latch

REGISTER FUNCTIONAL DESCRIPTIONS

TRANSMIT AND RECEIVE HOLDING REGISTER
A-D

The serial transmitter section consists of a Transmit
Hold Register A-D and Transmit Shift Register A-D.
The status of the transmit hold register is provided in
the Line Status Register A-D. Writing to this register
willtransferthe contents of the data bus (D7-D0) to the
transmit holding register A-D whenever the transmit-
ter holding register A-D or transmitter shift register A-
D is empty. The transmit holding register empty A-D
flag will be set to “1” when the transmitter is empty or
data is transferred to the transmit shift register A-D.
Notethat a write operation should be performed when
the transmit holding register empty flag is set.

On the falling edge of the start bit, the receiver internal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX A-D is still low at the mid-bit sample of the
start bit. Verifying the start bit prevents the receiver
from assembling a false data character due to a low
going noise spike onthe RX A-D input. Receiver status
codes will be posted in the Line Status Register A-D.

PROGRAMMABLE BAUD RATE GENERATOR

The ST68C454 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-24 MHz and dividing it by any divisor from 1

to 216 -1. Customize Baud Rates can be achieved by
selecting proper divisor values for MSB and LSB of
baud rate generator.

INTERRUPT ENABLE REGISTER A-D

The Interrupt Enable Register A-D masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the IRQ*
output pin.

IER BIT-0:
O=disable the receiver ready interrupt
1=enable the receiver ready interrupt

IER BIT-1:
O=disable transmitter empty interrupt
1=enable transmitter empty interrupt

IER BIT-2:
O=disable receiver line status interrupt
1=enable receiver line status interrupt

IER BIT-3:
O=disable the modem status register interrupt
1=enable the modem status register interrupt
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IER BIT 74:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER A-D

The ST68C454 provides fourlevel prioritized interrupt
conditions to minimize software overhead during data
character transfers. The Interrupt Status Register A-
D provides the source of the interrupt in prioritized
manner. During the read cycle, the ST68C454 pro-
vides the highest interrupt level to be serviced by the
CPU. No otherinterrupts are acknowledged until the
particular interrupt has been serviced. The following
are the prioritized interrupt levels:

LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

ISR BIT-0:

O=an interruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine

1=no interrupt pending

ISR BIT 1-2:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 3-7:
These bits are not used and are set zero.

LINE CONTROL REGISTER A-D
The Line Control Register is used to specify the
asynchronous data communication format. The num-

3-81

ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

00=5 bits word length
01=6 bits word length
10=7 bits word length
11=8 bits word length

LCR BIT-2:
The number of stop bits can be specified by this
bit.

0=1 stop bit , when word length=5, 6, 7, 8 bits
1=1 and 1/2 stop bit , when word length=5 bits
1=2 stop bits, word length=6, 7, 8 bits

LCR BIT-3:

Parity or no parity can be selected via this bit.

0=no parity

1=a parity bit is generated during the transmission;
receiver also checks for received parity

LCR BIT-4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=odd parity is generated by calculating odd number
of 1’s inthe transmitted data; receiver also checks for
same format.

1=an even parity bit is generated by calculating the
number of even 1's in the transmitted data; receiver
also checks for same format.

LCR BIT-5:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.
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LCR BIT-6:

Break control bit.

1=forces the transmitter output (TX A-D) to go low to
alert the communication terminal

0=normal operating condition

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
O=normal operation

1=select divisor latch register

MODEM CONTROL REGISTER A-D
This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
O=force DTR* output to high
1=force DTR* output to low

MCR BIT-1:
0=force RTS* output to high
1=force RTS* output to low

MCR BIT2-3:
x=not used

MCR BIT 4:

O=normal operating mode

1=enable local loop-back mode (diagnostics). The
transmitter output (TX A-D) is set high (Mark condi-
tion), the Receiverinputs (RXA-D, CTS*A-D, DSR*
A-D, CD* A-D, and RI* A-D) are disabled. Internally,
the transmitter output is connected to the receiver
input and DTR* A-D, RTS* A-D and MCR A-D bit2,3
are connected to modem control inputs. In this mode
, the receiver and transmitter interrupts are fully
operational. The Modem Control Interrupts are also
operational, but the interrupt sources are now the
lower four bits of the Modem Control Register instead
of the four Modem Control Inputs. The interrupts are
still controlled by the IER A-D.

MCR BIT 5-7:
Not used. Are set to zero permanently.

LINE STATUS REGISTER A-D
This register provides the status of data transfer to
CPU.

LSR BIT-0:

0=no data in receive holding register

1=a data has been received and saved in the receive
holding register

LSR BIT-1:

0=no overrun error (normal)

1=overrun error, next character arrived before re-
ceive holding register was empty

LSR BIT-2:

0=no parity error (normal)

1=parity error, received data does not have correct
parity information

LSR BIT-3:

0=no framing error (normal)

1=framing error received, received data did not have
a valid stop bit

LSR BIT-4:

0=no break condition (normal)

1=receiver received a break signal (RX was low for
one character time frame)

LSR BIT-5:

O=transmit holding register is full, ST68C454 will not
accept any data for transmission

1=transmit holding register is empty; CPU can load
the next character

LSR BIT-6:
O=transmitter holding and shift registers are full
1=transmitter holding and shift registers are empty

LSR BIT-7:
Not used, set to “0”.

MODEM STATUS REGISTER A-D

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed

3-82



ST68C454

information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.

MSR BIT-0:
Indicates that the CTS* input to the ST68C454 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST68C454 has
changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST68C454 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST68C454 has
changed state since the last time it was read.

MSR BIT-4:
This bit is equivalent to RTS in the MCR. It is the
compliment of the CTS* input.

MSR BIT-5:
This bit is equivalent to DTR in the MCR. It is the
compliment of the DSR* input.

MSR BIT-6:
This bit is equivalent to MCR bit-2 during local loop-
back mode. It is the compliment of the RI* input.

MSR BIT-7:
This bit is equivalent to MCR bit-3 during local loop-
back mode. It is the compliment to the CD* input.

SCRATCHPAD REGISTER A-D
ST68C454 provides atemporary data registerto store
8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

BAUDRATE | 16xcLock | pvisor
| s
50 2304
75 1536
150 768
300 384
600 192
1200 %6
2400 48
4800 24
7200 16
9600 12
19.2 6
38.4K 3
56K 2 2.77
115.2K 1

ST68C454 EXTERNAL RESET CONDITION

REGISTERS| RESET STATE
IER A-D BITS 0-7=0
ISR A-D BIT-0=1, BIT-7=0
LCR A-D BITS 0-7=0
MCR A-D BITS 0-7=0
LSR A-D BITS 0-4=0, BITS 5-6=1, BIT-
7=0
MSR A-D BITS 0-3=0, BITS 4-7= input
signals
SIGNALS | RESETSTATE
TX A-D High
RTS A-D* High
DTR A-D* High
IRQ Three state mode
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ST68C454 ACCESSIBLE REGISTERS

| BiT7 | BIT6 | BITS | BIT4 | BIT3 | BIT2 | BIT4 | BITO
000 RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 0 1 IER 0 0 0 0 modem | receive | transmit | receive
status line holding | holding
interrupt | status | register | register
interrupt
010 ISR 0 0 0 0 int int int int
priority | priority | priority | status
bit-2 bit-1 bit-0

011 LCR divisor set set even parity stop word word
latch break | parity | parity | enable bits length | length

enable bit-1 bit-0

100 MCR 0 0 0 loop Not Not RTS* | DTR*

back used used

101 LSR 0 trans. | trans. break |framing | parity | overrun | receive
empty | holding |interrupt| error error error data

empty ready

110 MSR CD RI DSR CTS delta delta delta delta
CcD* RI* DSR* | CTs*

111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
001 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1”,
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, VCC=3.3 - 5.0 V £ 10% unless otherwise specified.

T4
T2
Ts
Ts
Te
T2
T
Ta
Tis
Tie
Tz
Tis
Tw
Toa
T2
Tr
T2
T2
T2

Ta
Ta
Tss

Tas
Tss

Clock high pulse duration

Clock low pulse duration

Clock rise/fall time

Chip select setup time

Chip select hold time

Data setup time

Data hold time from write or CS*
Write set up time

Write strobe width

Chip select hold time from write
Write cycle delay

Data setup time

Write cycle=T1s+T17

Data hold time

Read cycle delay

Read cycle=T1s+T2s

Chip select pulse width

Delay from Write to output

Delay to set interrupt from MODEM
input

Delay from stop to set interrupt
Delay from Read to reset interrupt
Delay from initial IRQ* reset to
transmit start

Delay from stop to interrupt

Delay from Write to reset interrupt

20
20
10
5
0
15
5
10
50
15
45
15
105
0
25
105
75
50
35
1Rk
200
8 24
100
75

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

ns

ns

ns
ns

100 pF load
100 pF load

100 pF load
100 pF load

* = Baudout* cycle
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature

7 Volts
GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to+150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70°C, Vcc=3.3 - 5.0 V £10% unless otherwise specified.
Parameter - Limits | Units -Condiiiﬁh‘s. .
Viek Clock input low level -0.5 0.6 \%
Vinek Clock input high level 3.0 VCC \%
Vi Input low level -0.5 0.8 \
Vin Input high level 2.2 VCC \%
Vou Output low level 0.4 \Y lo.=6 mA on all
outputs
Vou Output high level 2.4 \' low= -6 mA
lec Avg. power supply 6 12 mA
current
I Input leakage +10 A
leu Clock leakage +10 pA
Viek Clock input low level -0.3 0.8 \ Vce=3.0 V
ViHek Clock input high level 24 VCC \Y Vce=3.0V
Vi Input low level -0.3 0.8 \) Vce=3.0 V
Vin Input high level 2.0 VCC \% Vce=3.0 V
Vo Output low level on all outputs 0.4 \% Vce=3.0 V, lo.=
8.5mA
Vou Output high level 20 \ Vee=3.0V, lon= -4
mA
lec Avg power supply current 10 12 mA Vce=3.0V
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RECEIVE TIMING
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STARTECH

An Z#* EXARCompany

DESCRIPTION '|

The ST16C1550/51/52 is a universal asynchronous
receiver and transmitter with 16 byte transmit and
receive FIFO. A programmable baud rate generatoris
provided to select transmit and receive clock rates
from 50Hz to 448kHz.

The ST16C1550/51/52 is an improved version of the
SSI 73M1550 and SSI 73M2550 UART with higher
operating speed and lower access time. The
ST16C1550/51/52 on board status registers provides
the error conditions, type and status of the transfer
operation being performed. Included is complete
MODEM control capability, and a processor interrupt
system that may be software tailored to the user’s
requirements. The ST16C1550/51/52 provides inter-
nal loop-back capability for on board diagnostic test-
ing.

The ST16C1550/51/52 is fabricated in an advanced
1.2p CMOS process to achieve low drain power and
high speed requirements.

FEATURES ]

*Pin to pin and functional compatible to SSI
73M1550/2550

* 16 byte transmit FIFO

* 16 byte receive FIFO with error flags

* Modem control signals (CTS*, RTS*, DSR*, DTR*,
RI*, CD%)

* Programmable character lengths (5, 6, 7, 8)

» Even, odd, or no parity bit generation and detection

 Software compatible with INS8250, NS16C550

* 460.8 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

ORDERING INFORMATION ]
Part number Package Operating temperature
ST16C1550CP28 Plastic-DIP 0°C to+70°C
ST16C1550CJ28 PLCC 0°C to+70°C
ST16C1550CQ48 TQFP 0°C to+70°C
ST16C1551CP28 Plastic-Dip 0°C to+70°C
ST16C1551CJ28 PLCC 0°C to+70°C
ST16C1551CQ48 TQFP 0°C to+70°C
ST16C1552CQ52 QFP 0°C to+70°C

*Industrial operating range are available
Rev. 1.0
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SYMBOL DESCRIPTION ( ST16C1550 - ST16C1551 )

Pin
28

' :Sign"al Type |

Pin Désc'ri_ption’ :

D0-D7

RX

TX

cs*

XTAL1

CLK
XTAL2
Iow*

GND

IOR*

RI*

1-8

10

11

12

13

14

15

16

17

1-8

10

1

12

13

14

15

16

110

Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

Serial data input. The serial information (data) received
from serial port to ST16C155X receive input circuit. A mark
(high) islogicone and a space (low) is logic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

Serialdata output. The serial data istransmitted via this pin
with additional start, stop and parity bits. The TX will be held
in mark (high) state during reset, local loopback mode or
when the transmitter is disabled.

Chip select (active low). A low at this pin enables the
ST16C155X / CPU data transfer operation.

Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

External clock input. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

Crystal input 2 or buffered clock output. See XTAL1.

Write strobe (active low). A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

Signal and power ground.

Read strobe (active low). A low level on this pin transfers
the contents of the ST16C155X data bus to the CPU..

Ringdetectindicator (active low). A lowon this pinindicates
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SYMBOL DESCRIPTION ( ST16C1550 - ST16C1551 )

RST

INT

AO0-A2

RTS*

DTR*

RESET

CcTS*

DSR*

18

21-19

22

23

24

25

26

17

18

21-19

22

23

24

25

26

the modem has received a ringing signal from telephone

line.

Reset output (active high). The ST16C1551 provides a
buffered reset output which is gated internally with MCR bit-
2.

Interrupt output. (three state / active high) This pingoes high
(when enabled by the interrupt enable register) whenever a
receiver error, receiver data available, transmitter empty,
or modem status condition flag is detected.

Address select line. To select internal registers.

Request to send (active low). To indicate that the transmit-
ter has data ready to send. Writing a “1” in the modem
control register (MCR bit-1 ) will set this pin to a low state.
After the reset this pin will be set to high. Note that this pin
does not have any effect on the transmit or receive opera-
tion.

Data terminal read (active low). To indicate that
ST16C155X is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a “1” atthe MCR bit-0 will setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset. Note that this pin does not have
any effect on the transmit or receive operation.

Master reset (active high). A high on this pin will reset allthe
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

Clear to send (active low). The CTS* signal is a MODEM
control function input whose conditions can be tested by
reading the MSR bit-4. CTS* has no effect on the transmit
or receive operation.

Data set ready (active low). A low on this pin indicates the
MODEM is ready to exchange data with UART. This pin
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SYMBOL DESCRIPTION ( ST16C1550 - ST16C1551 )

 PinDescripon

does not have any effect on the transmit or receive opera-

tion.

CcD* 27 27 | Carrier detect (active low). A low on this pin indicates the
carrier has been detected by the modem.

VCC 28 28 I Power supply input.

All unused input pins should be tied to VCC or GND.

PROGRAMMING TABLE
A2 I A1 | A0 READ MODE WRITE MODE

0 0 0 Receive Holding Register Transmit Holding Register
0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register FIFO Control Register
0 1 1 Line Control Register
1 0 0 Modem Control Register
1 0 1 Line Status Register
1 1 0 Modem Status Register
1 1 1 Scratchpad Register Scratchpad Register
0 0 0 LSB of Divisor Latch
0 0 1 MSB of Divisor Latch
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ACCESSIBLE REGISTERS

BIT6 | BITS | BIT4 [ BIT3 | BIT2 | BIT4 | BITO
0 00O RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 00 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 IER 0 0 o/ 0 modem | receive [transmit | receive
special status line holding | holding
mode interrupt | status |register | register
interrupt

010 FCR RCVR | RCVR | 0/TX | 0/TX | DMA XMIT | RCVR | FIFO
trigger | trigger | trigger | trigger | mode FIFO FIFO | enable
(MSB) | (LSB) | (MSB) | (LSB) | select reset reset

010 ISR o/ o/ o/ 0/ int int int int
FIFOs | FIFOs |RXRDY | TXRDY | priority | priority | priority | status
enabled | enabled bit-2 bit-1 bit-0

011 LCR divisor set set even parity stop word word
latch break | parity | parity | enable bits length | length
enable bit-1 bit-0

100 MCR 0/power 0 0 loop INT SOFT | RTS* DTR*
down back | enable | reset

1 01 LSR 0/ trans. | trans. break |framing | parity |overrun | receive
FIFO | empty [holding |interrupt| error error error data
error empty ready

110 MSR CcD RI DSR CTS delta delta delta delta

CcD* RI* DSR* | CTS*

111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

0 00 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

001 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1”.

3-99

ZS/LS/0695109L1S

H



ST16C1550/51/52

ST16C1550
ST16C1551/1552

REGISTER FUNCTIONAL DESCRIPTIONS
TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

On the falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RX input. Receiver status codes will
be posted in the Line Status Register.

FIFO INTERRUPT MODE OPERATION

When the receive FIFO (FCR BIT-0=1) and receive
interrupts (IER BIT-0=1) are enabled, receiver inter-
rupt will occur as follows:

A) Thereceive data available interrupts will be issued
to the CPU when the FIFO has reached its pro-
grammed trigger level; it will be cleared as soon asthe
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhenthe FIFOtriggerlevelisreached, and like
the interrupt it is cleared when the FIFO drops below
the trigger level.

C) The data ready bit (LSR BIT-0) is set as soon as a
character is transferred from the shift register to the
receiver FIFO. It is reset when the FIFO is empty.

FIFO POLLED MODE OPERATION

When FCRBIT-0=1; resetting IER BIT 3-0to zero puts
the ST16C1550/51/52 in the FIFO polled mode of
operation. Since the receiver and transmitter are
controlled separately either one or both can be in the
polled mode operation by utilizing the Line Status
Register.

A) LSR BIT-0 will be set as long as there is one byte
in the receive FIFO.

B) LSR BIT4-1 will specify which error(s) has oc-
curred.

C) LSR BIT-5 will indicate when the transmit FIFO is
empty.

D) LSR BIT-6 will indicate when both transmit FIFO
and transmit shift register are empty.

E) LSR BIT-7 will indicate when there are any errors
in the receive FIFO.

The ST16C1550/51/52 requires to have two step
FIFO enable operation in order to enable receive
trigger levels.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C1550/51/52 contains a programmable
Baud Rate Generator that is capable of taking any
clock input from DC-24 MHz and dividing it by any
divisor from 1 to 216 -1. The output frequency of the
Baudout* is equal to 16X of transmission baud rate
(Baudout*=16 x Baud Rate). Customize Baud Rates
can be achieved by selecting proper divisor values for
MSB and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.
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IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 4:
This bit is not used and set to zero.

IER BIT &:
O=disable the ISR bits 4-5 and MCR bit-7.
1=enable the ISR bits 4-5 and MCR bit-7 function.

IER BIT 6-7:
These bits are not used and set to zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C1550/51/52 provides four level pricritized
interrupt conditions to minimize software overhead
during data character transfers. The Interrupt Status
Register (ISR) provides the source of the interrupt in
prioritized matter. During the read cycle the
ST16C1550/51/52 provides the highest interrupt
level to be serviced by CPU. No other interrupts are
acknowledged until the particularinterruptis serviced.
The following are the prioritized interrupt levels:

Priority level

P |D3{D2|D1{DO0 | Source of the interrupt

11]0(111]0 LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Received Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

221111 ]0]0

*RECEIVE TIME-OUT:

This mode is enabled when STARTECH UART is
operating in FIFO mode. Receive time out will not
occur if the receive FIFO is empty. The time out
counter will be reset at the center of each stop bit
received or each time receive holding registeris read.
The actual time out value is T ( Time out length in
bits)= 4 X P ( Programmed word length) + 12. To
convert time out value to a character value, user has
to divide this number to its complete word length +
parity ( if used) + number of stop bits and start bit.

Example -A: If user programs the word length =7, and
no parity and one stop bit, Time out will be:

T = 4 X 7( programmed word length) +12 = 40 bits
Charactertime =40/ 9 [ (programmed word length =
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters.

Example -B: If user programs the word length = 7, with
parity and one stop. bit, the time out will be:

T = 4 X 7(programmed word length) + 12 = 40 bits
Character time = 40 / 10 [ (programmed word length
=T7) + (parity = 1) + (stop bit = 1) + (start bit=1) = 4
characters.

ISR BIT-0:

=an interruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.
1=no interrupt pending.
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ISR BIT 1-2:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 3:

This bit is used with conjunction of ISR bit 0-2:
0=normal interrupt mode

1=receive time-out indicator when priority level is set
to “2” (D0=0, D1=0, and D2=1)

ISR bit-4:

This bitis the compliment of TXRDY* (ST16C550) pin
when |IER bit-4 is set to “1”.

O=transmitter is full

1=transmitter is empty or less than full

ISR bit-5:

Thisbitis the compliment of RXRDY* (ST16C550) pin
when IER biot-4 is set to “1”.

O=receiver is empty.

1=receiver is not empty

ISR bit-6-7:
0=16C450 mode
1=16C550 mode

FIFO CONTROL REGISTER (FCR)

This register is used to enable the FIFOs, clear the
FIFOs, set the receiver FIFO trigger level, and select
the type of DMA signaling.

FCR BIT-0:

0=Disable the transmit and receive FIFO.

1=Enable the transmit and receive FIFO.

This bit should be enabled before setting the FIFO
trigger levels.

FCR BIT-1:

0=No change.

1=Clears the contents of the receive FIFO and resets
its counter logic to 0 (the receive shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-2:

0=No change.

1=Clears the contents of the transmit FIFO and resets
its counter logic to 0 (the transmit shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-3:

0=No change.

1=Changes RXRDY and TXRDY pins from mode “0”
to mode “1”.

Transmit operation in mode “0”:

When ST16C550is in ST16C450 mode ( FCR bit-0=0
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 )
when there are no characters in the transmit FIFO or
transmit holding register, the TXRDY* pin will go low.
Once active the TXRDY* pin will go high (inactive)
after the first character is loaded into the transmit
holding register.

Receive operation in mode “0”:

When ST16C550isin ST16C450 mode ( FCR bit-0=0
) orinthe FIFO mode (FCRbit-0=1, FCR bit-3=0) and
there is at least 1 character in the receive FIFQ, the
RXRDY* pin will go low. Once active the RXRDY* pin
will go high (inactive) when there are no more charac-
ters in the receiver.

Transmit operation in mode “1”:

When ST16C550is in FIFO mode (FCR bit-0=1, FCR
bit-3=1 ) the TXRDY* pin will become high (inactive)
whenthe transmit FIFO is completely full. It will be low
if one or more FIFO locations are empty.

Receive operation in mode “1”:

When ST16C550is in FIFO mode (FCR bit-0=1, FCR
bit-3=1) and the trigger level or the timeout has been
reached, the RXRDY* pin will go low. Once it is
activated it will go high (inactive) when there are no
more characters in the FIFO.

FCR BIT 4-5:
These bits are used to set the transmit trigger levels.
See receive FIFO trigger table.
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FCR BIT 6-7:
These bits are used to set the trigger level for the
receiver FIFO interrupt.

_BIT7 B’:IT-G?I:‘ . _FlFO.:trigger level
0 0 01
0 1 04
1 0 08
1 1 14

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

BIT-0

- BITA _ Word length
0 0 5
0 1 6
1 0 7
1 1 8
LCR BIT-2:

The number of stop bits can be specified by this bit.

_BIT:2 | Word length | Stop bit(s)
0 5,6,7,8 1
1 5 1-172
1 67,8 2

LCR BIT-3:

Parity or no parity can be selected via this bit.

0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity is generated by forcing an odd number
of 1’s in the transmitted data, receiver also checks for
same format.

1= EVEN parity bitis generated by forcing an even the
number of 1's in the transmitted data, receiver also
checks for same format.

LCR BIT-56:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).

0=normal operating condition.

1=forces the transmitter output (TX) to go low to alert
the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
0=normal operation.

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
0=force DTR* output to high.
1=force DTR* output to low.

MCR BIT-1:
0=force RTS* output to high.
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1=force RTS* output to low.

MCR BIT-2:
0=normal operation.
1=software reset, set RST output to high.

MCR BIT-3:
O=set INT output pin to three state mode.
1=set INT output pin to normal operation mode.

MCR BIT-4:

O=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
the receiverinput (RX),CTS* DSR*, CD*, and RI* are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, SOFT
resetand INT enable are connected to modem control
inputs.

In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER .

MCR BIT 5-6:
Not used. Are set to zero permanently.

MCR bit-7:

O=normal mode.

1=power down mode. CLK, XTAL1, XTAL2, and baud
rate generators are disabled.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to

CPU. \\

LSR BIT-0:

0=no data in receive holding register or FIFO.
1=data has been received and saved in the receive
holding register or FIFO.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied or if FIFOs are enabled,
an overrun error will occur only after the FIFO is full
and the next character has been completely received
in the shift register. Note that character in the shift
register is overwritten, but it is not transferred to the
FIFO.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT-3:

0=no framing error (normal).

1=framing error received, received data did nothave
a valid stop bit. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT-4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame). In FIFO mode, only one
zero character is loaded into the FIFO.

LSR BIT-5:

O=transmit holding register is full. ST16C1550/51/52
will not accept any data for transmission.
1=transmit holding register (or FIFO ) is empty. CPU
can load the next character.

LSR BIT-6:

O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty. In
FIFO mode this bit is set to one whenever the trans-
mitter FIFO and transmit shift register are empty.

LSR BIT-7:

0=Normal.

1=At least one parity error, framing error or break
indication in the FIFO. This bit is cleared when LSR is
read.
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MODEM STATUS REGISTER (MSR)

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.

MSR BIT-0:
Indicates that the CTS*inputto the ST16C1550/51/52
has changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST16C1550/51/
52 has changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST16C1550/51/52
has changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C1550/51/52
has changed state since the last time it was read.

MSR BIT-4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-5:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:

This bitis equivalentto SOFT reset in the MCR during
local loop-back mode. It is the compliment of the RI*
input.

MSR BIT-7:

This bit is equivalent to INT enable in the MCR during
local loop-back mode. It is the compliment to the CD*
input.

Note: Whenever MSR BIT3-0: is set to logic “1”, a
MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR)

ST16C1550/51/52 provides a temporary data register
to store 8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

BAUD RATE 16 x CLOCK % ERROR
DIVISOR
50 2304
75 1536
150 768
300 384
600 192
1200 96
2400 48
3600 32
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 2.77
115.2K 1
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ST16C1550/51/62 EXTERNAL RESET CONDI-
TION

ET STA SIGNALS | RESET STATE

IER IER BITS 0-7=0 X High
ISR ISR BIT-0=1, ISR BITS 1-7=0 SOFT reset | High
LCR LCR BITS 0-7=0 RTS* High
MCR MCR BITS 0-7=0 DTR* High
LSR LSR BITS 0-4=0, INT Three state

LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,

MSR BITS 4-7=input signals
FCR FCR BITS 0-7=0

52 QFP ST16C1552 48 TQFP ST16C155X

D4
D3
D2
D1
Do

[52]ne
51
50
49
48
47
E NC

[41]cTs
(40 Ne.
E D2

E D1

E N.C.
[43] oo

E vce
[40] cor
[39] Dsre
[38] ne.
[37] ne.

45 ] vee
|44 NC.
[43]co
[42] Dsr*

vvvvv

42 | NC.

‘
48] NC.
ol

-
= O e e Ne. 1 36 nC.
N«°~Ej [38] Reser

Ne. [ 2 35| NC.
ne. [3 37 ne. o 5 ] o
D5 | 4 E DTR*
o6 LS [ 35] Rrst os [ 33 ] RESET
o7 [ 54] ne. o6 [ 5} [32] oTR*
ne. [7 ST16C1552CQ52 B o7 [ | STI6C155XC048 31] RTs*
rx [8 | [32] a0 RX Iz [730] A0
™ [s] 3] a1 ™[] | 29] NC.
cs* [ 10 E 2 cs* (9| 2] A1
Ne. (11 | 29] ne. ne. [0 27| A2
ne. [12 (28] ne. ne. [11] 26 ne.
ne. [13 [27] ne. ne. [12 ] %] Nne.
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vce=5.0 V + 10% unless otherwise specified.

26/16/065109L1S

Symbol | Parameter ' Limits Units Conditions
Min  Typ @ Max G :
T1 Clock high pulse duration 20 ns
T2 Clock low pulse duration 20 ns
Ts Clock rise/fall time 10 ns
Ts Chip select setup time 5 ns
To Chip select hold time 0 ns
Tz Data set up time 15 ns
T1s Data hold time 15 ns
Tha IOW* delay from chip select 10 ns
T1s IOW?* strobe width 50 ns
T1e Chip select hold time from |OW* 0 ns
T Write cycle delay 55 ns
Tw Write cycle=Tis+T17 105 ns
T1e Data hold time 15 ns
T2t IOR* delay from chip select 10 ns
T2 IOR* strobe width 65 ns
Taa Chip select hold time from |IOR* 0 ns
T2 Read cycle delay 55 ns
Tr Read cycle=Tz+T2s 115 ns
Tas Delay from IOR* to data 35 ns 100 pF load
Tas Delay from |IOW* to output 50 ns 100 pF load
T2 Delay to set interrupt from MODEM 70 ns 100 pF load
input
Tso Delay to reset interrupt from IOR* 70 ns 100 pF load
Ta Delay from stop to set interrupt 1Rek ns 100 pF load
Ta2 Delay from IOR* to reset interrupt 200 ns 100 pF load
Tas Delay from initial INT reset to transmit 8 24 *
start
Taa Delay from stop to interrupt 100 ns
Tas Delay from IOW* to reset interrupt 175 ns
Note 1: * = Baudout* cycle
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.
Symbol |  Parameter | Limits Units |  Conditions
aman i : Min  Typ  Max :
Viek Clock input low level -0.5 0.6 \'
ViHek Clock input high level 3.0 VCC \
Vi Input low level -0.5 0.8 \
ViH Input high level 2.2 VCC \
Vo Output low level on all outputs 0.4 \ lo.= 6 mA
Vo Output high level 24 \ low= -6 mA
lec Avg. power supply current 6 mA
I Input leakage +10 A
lev Clock leakage 110 uA

This product can operate in 3.0 Volts environment. Please consult with factory for additional information.

28 PIN PLASTIC-DIP ST16C1550

Do I: N 28] vee
D1 [2] ‘@ co*
D2 [3] 126] DSR*
D3 [4] 25] CTs*
o4 [5] & [ 24] RESET
D5 [6] § 23] DTR*
D6 (7] @ [22] RTS*
o7 [8] %.3 [51] a0
RX [9] 5 20) A1
™x [10] 1197 A2
cs* [A1] 18] INT
XTAL1 [12] [17] R
XTAL2 [13] 161 IOR*
jow  [14] 15] GND
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28 PIN PLASTIC-DIP ST16C1551

Do [1] -/ Te_| vee
o1 2] [27] co*
D2 (3] 1 26] DSR
D3 [4| [25] cTs*
D4 [5] § [24) RESET
D5 (6] 154 [23] DTR"
D6 i § [22] RTS*
o7 [8] g [21] A0
RX [9] = 501 At
T E [19] A2
cs*. [11] 18] INT
ck [12] [17] RST
oW~ [E [16] R
GND [14] 15] IOR*
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GENERAL READ TIMING

AO-A2 % W %
- e
Z)\ Ko
T2 le» T3 1T24 ™5
26 l— ____L_N n
D0-D7 %( /\W % W

GENERAL WRITE TIMING

161450-RD-1

AD-A2 % W %
AN e
cs* ‘
ow ‘ 0070 &
e
DO-D7 );{ ) 7 %f W

161450-WD-1
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CLOCK TIMING
2 , 3
— e
EXTERNAL | ' N
CLOCK : i - : : } |
|
| |
I )‘——'*‘ I > <+
e bl N 3
CLOCK PERIOD CLOCK PERIOD 161450-CK-1
MODEM TIMING
IOW* m
|
|
728
|
RTS* kf
DTR* /
__________________ ./
cD
CTS | |
DSR , !
T29 H }4—»} 129
| ' r
INT / \ / \ { \
| |
| |

161450-MD-1
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7]
ST16C1551/15652 =
-
=24
0
-
1]
(3]
=4
RECEIVE TIMING 2
0
START BIT N
> DATABITS (5-8) STOP BIT
e >
VAR
RX \ A DOJ D1 Lozj D3 LmJ D5 Losj D7W
SRSRNRN PSRRI SHUSPR DUN S P —— S —— —— |
I | e
SDATABITS | PARITYBIT! NEXT
€ » | DATA
6 DATABITS b | STARTBIT
- . 3
7 DATABITS | | > }¢ 731
! !
INT o / N\
f : {
| |
| : T32 b ¢
T
IOR* | |
|

|
|
\
\
/

,_
/

/

/

/

/ —

16 BAUD RATE CLOCK 161450-RX-1
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TRANSMIT TIMING

START BIT
> DATABITS (5-8) STOP BIT
I > >
/N
@ \ KDOJ D1LDZJD3LD4J Dslosjm/ Y
| | R IO AR ISR R IS S’ |
. 5DATABITS > | | |
| | PARITYBIT| NEXT
| [ > b | DATA
| 6 DATABITS | | | STARTBIT
! ¢ < |
: 7 DATA BITS '], I > € T34
| Iy
| by
| |
| 1
INT *! « T3 | / \
| I | »
! Lo T35 >
T
Lo
T

|
low* ‘—\—_/

< P
16 BAUD RATE CLOCK 161450-TX-1
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STARTECH ST16C2550

An Z2* EXARCompany Printed August 3, 1995
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

DESCRIPTION ] PLCC Package
The ST16C2550 is a dual asynchronous receiver and e o o - o “2 g« 558
transmitter with 16 byte transmit and receive FIFO. e e i g
Independent programmable baud rate generators are RIQIRIEICIEIEIE
provided to select transmit and receive clock rates os [7] O [39] Reser
from 50Hz to 1.5 MHz for each UART. oo 2] | o
The ST16C2550 is an improved version of the o (5] E2 o
NS16C550 UART with higher operating speed and e :‘1’ ? ::‘
lower access time. The ST16C2550 on board status s = ST16C2550C 44 % e
registers provides the error conditions, type and = 5] wra
status of the transfer operation being performed. e [] 2 wre
Included is complete MODEM control capability, and ore- [ = no
a processor interrupt system that may be software csa [ 50] A1
tailored to the user’s requirements. The ST16C2550 cser (7] 5] A2
provides internal loop-back capability for on board — Tz — —
diagnostic testing. L;J léj L:-I |§} LEHE;I E—I LfJ ISJ LEJ @
The ST16C2550 is fabricated in an advanced 1.2u EE°S8®EPEEEE
CMOS process to achieve low drain power and high =
speed requirements.
Plastic-DIP Package
Do (1| —/ 40] vee
FEATURES 1 ot [Z] 5] R
v . g ) con
* Pinto pin and functional compatible to ST16C2450 — 51 .
* 16 byte transmit FIFO b3 14 313 DSRA
* 16 byte receive FIFO with error flags 04 [5] [36] CTsA*
* Modem control signals (CTS*, RTS*, DSR*, DTR*, D5 (6] 35] RESET
RI*, CD%) D6 [7 ] 34] DTRB*
* Programmable character lengths (5, 6, 7, 8) & 5] oreas
« Even, odd, or no parity bit generation and detection brle Q 2
« Status report register Rx8 [9] ) 32] RTSA®
* Independent transmit and receive control RXA [10] § [31] OPA*
* TTL compatible inputs, outputs XA [11] o 307 INTA
* Software compatible with INS8250, NS16C550 e (] © 51 e
* 460.8 kHz transmit/receive operation with 7.372 X 5
MHz crystal or external clock source ope* [33] 28] A0
csa* [14] [27] A1
css* [15] [26] A2
ORDERING INFORMATION '| XTAL! E f__E] o
z XTAL2 [17 24 *
Part number Package  Operating temperature low- [18] 23] RIB*
ST16C2550CP40 Plastic-DIP 0°C to+70°C coe* [19] [22] DSRra*
ST16C2550CJ44 PLCC 0°C to+70°C oND [30] 57] 1or*

*Industrial operating range are availabie
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BLOCK DIAGRAM

DO-D7
IOR*
I0W*
RESET

A0-A2
Ccs4*
CSB*

INTA
INTB
TXRDY*
RXRDY*

Data bus
&
Control Logic

Inter Connect Bus Lines
&
Control signals

Interrupt
Control
Logic

Transmit Transmit

FIFO | Shift
Registers Register |

Receive
Shift ;
Register

Receive
FIFO
Registers

Modem "
Control
Logic |

Clock

&
Baud Rate ||
Generator |

TXA/B

RX A/B

DTR A/B*
RTS A/B*
OP A/B*

CTS A/B*
RI A/B*
CD A/B*
DSR A/B*
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SYMBOL DESCRIPTION

4

44

signal Type |

_ Pin Description

DO-D7
RX A/B

TXA/B

CS*A/B

XTAL1

XTAL2

IOW*
IOR*

A0-A2

INT A/B

1-8

10,9

11,12

14,15

16

17

18
21

28-26

30,29

2-9

11,10

13,14

16,17

18

19

20
24

31-29

33,32

110

Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

Serialdatainput A/B. The serial information (data) received
from serial port to ST16C2550 receive input circuit. A mark
(high) is logicone and a space (low) is logic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

Serial data output A/B. The serial data is transmitted via
this pin with additional start, stop and parity bits. The TX will
be held in mark (high) state during reset, local loopback
mode or when the transmitter is disabled.

Chipselect A/B. (active low) A low at this pin enables the
ST16C2550 / CPU data transfer operation.

Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

Crystal input 2 or buffered clock output. See XTAL1.

Write strobe. (active low) A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

Read strobe. (active low) A low level on this pin transfers
the contents of the ST16C2550 data bus to the CPU.

Address select lines. To select internal registers.

Interrupt output A/B. (active high) This pin goes high (when
enabled by the interrupt enable register) whenever a re-
ceiver error, receiver data available, transmitter empty, or
modem status condition flag is detected.

3-117
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SYMBOL DESCRIPTION

_Symbol

Pin
40 44

Signal Type

Pin Description:

OP2* A/B

RTS* A/B

DTR* A/B

RESET

CTS* A/B

DSR* A/B

CD*A/B

RI* A/B

31 35,15

32,24 36,27

33,34 37,38

35 39

36,25 | 40,28

37,22 | 41,25

38,19 | 42,21

39,23 | 43,26

O

Interrupt enable output (active low). This pin stays high
when INT out pin is set to three state mode and goes low
when INT pinis enabled via OP2*. See bit-3 modem control
register (MCR bit-3).

Request to send A/B (active low). To indicate that the
transmitter has data ready to send. Writing a “1” in the
modem control register (MCR bit-1) will set this pin to a low
state. After the reset this pin will be set to high. Note that
this pin does not have any effect on the transmit or receive
operation.

Data terminal ready A/B (active low). To indicate that
ST16C2550 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writinga“1” atthe MCR bit-Owill setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset . Note that this pin does not have
any effect on the transmit or receive operation.

Master reset. (active high) A high on this pin will reset all the
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

Clear to send A/B (active low). The CTS* signal is a
MODEM control function input whose conditions can be
tested by reading the MSR BIT-4. CTS* has no effect onthe
transmit or receive operation.

Data set ready A/B (active low). A low on this pin indicates
the MODEM isready to exchange datawith UART. This pin
does not have any effect on the transmit or receive opera-
tion.

Carrier detect A/B (active low). A low on this pin indicates
the carrier has been detected by the modem.

Ring detect indicator A/B (active low). A low on this pin
indicates the modem has received a ringing signal from
telephone line.
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SYMBOL DESCRIPTION

- _P’ih.’ngéériptidn

VCC 40 44 | Power supply input.

GND 20 22 o Signal and power ground.
TXRDY* A/B - 1,12 O Transmit ready. (active low) This pin goes high when the

transmit FIFO of the ST16C550 is full. It can be used as a
single or multi-transfer.

RXRDY* A/B - 34,23 O Receive ready. (active low) This pin goes low when the
receive FIFO is full. It can be used as a single or multi-
transfer.

PROGRAMMING TABLE

READMODE | WRITE MODE

>
o

Receive Holding Register Transmit Holding Register

0 0 0

0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register FIFO Control Register

0 1 1 Line Control Register

1 0 0 Modem Control Register
1 0 1 Line Status Register

1 1 0 Modem Status Register

1 1 1 Scratchpad Register Scratchpad Register

0 0 0 LSB of Divisor Latch

0 0 1 MSB of Divisor Latch
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ST16C2550 ACCESSIBLE REGISTERS A/B

"AZA1A0 | Register | BIT.7 | BT | BiTs | BIT4 | BIT3 | BiIT2 | BIT1 | BITo
00O RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 IER 0 0 0 0 modem | receive | transmit| receive

status line holding | holding
interrupt| status | register | register
interrupt
010 FCR RCVR | RCVR 0 0 DMA XMIT | RCVR | FIFO
trigger | trigger mode FIFO FIFO | enable
(MSB) | (LSB) select reset reset
010 ISR o/ 0/ 0 0 int int int int
FIFOs | FIFOs priority | priority | priority | status
enabled| enabled bit-2 bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop OoP2/ Not RTS* DTR*
back INT used
enable
101 LSR 0/ trans. trans. break |[framing| parity | overrun| receive
FIFO | empty | holding |interrupt} error error error data
error empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CD* RI* DSR* CcTS*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
001 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1”,

3-120



ST16C2550

REGISTER FUNCTIONAL DESCRIPTIONS

TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

Onthe falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RX input. Receiver status codes will
be posted in the Line Status Register.

FIFO INTERRUPT MODE OPERATION

When the receive FIFO (FCR BIT-0=1) and receive
interrupts (IER BIT-0=1) are enabled, receiver inter-
rupt will occur as follows:

A) The receive data available interrupts will be issued
to the CPU when the FIFO has reached its pro-
grammed trigger level; it will be cleared as soon as the
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhen the FIFO trigger level isreached, and like
the interrupt it is cleared when the FIFO drops below
the trigger level.

C) The data ready bit (LSR BIT-0) is set as soon as a
character is transferred from the shift register to the
receiver FIFO. It is reset when the FIFO is empty.

FIFO POLLED MODE OPERATION

When FCRBIT-0=1; resetting IER BIT 3-0to zero puts
the ST16C2550in the FIFO polled mode of operation.
Since the receiver and transmitter are controlled
separately either one orboth can be in the polled mode
operation by utilizing the Line Status Register.

A) LSR BIT-0 will be set as long as there is one byte
in the receive FIFO.

B) LSR BIT4-1 will specify which error(s) has oc-
curred.

C) LSR BIT-5 will indicate when the transmit FIFO is
empty.

D) LSR BIT-6 will indicate when both transmit FIFO
and transmit shift register are empty.

E) LSR BIT-7 will indicate when there are any errors
in the receive FIFO.

The ST16C2550 requires to have two step FIFO
enable operation in order to enable receive trigger
levels.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C2550 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-24 MHz and dividing it by any divisor from 1
to 216 -1. The output frequency of the Baudout* is
equal to 16X of transmission baud rate (Baudout*=16
x Baud Rate). Customize Baud Rates can be
achieved by selecting proper divisor values for MSB
and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.
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IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 4-7:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C2550 provides four level prioritized inter-
rupt conditions to minimize software overhead during
data character transfers. The Interrupt Status Regis-
ter (ISR) provides the source of the interrupt in priori-
tized matter. During the read cycle the ST16C2550
provides the highest interrupt level to be serviced by
CPU. No other interrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

P |D3|D2 [D1|DO0 | Source of the interrupt

1 0|1 110 LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Received Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

211 1110]0

*RECEIVE TIME-OUT:

This mode is enabled when STARTECH UART is
operating in FIFO mode. Receive time out will not
occur if the receive FIFO is empty. The time out
counter will be reset at the center of each stop bit
received or each time receive holding registeris read.
The actual time out value is T ( Time out length in
bits)= 4 X P ( Programmed word length) + 12. To
convert time out value to a character value, user has
to divide this number to its complete word length +
parity ( if used) + number of stop bits and start bit.

Example -A: If user programs the word length = 7, and
no parity and one stop bit, Time out will be:

T = 4 X 7( programmed word length) +12 = 40 bits
Charactertime =40/ 9 [ (programmed word length =
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters.

Example-B: If user programs the word length = 7, with
parity and one stop bit, the time out will be:

T = 4 X 7(programmed word length) + 12 = 40 bits
Character time = 40 / 10 [ (programmed word length
=7) + (parity = 1) + (stop bit = 1) + (start bit=1) = 4
characters.

ISR BIT-0:

O=an interruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

ISR BIT 1-3:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 4-7:

These bits are not used and are set to zero in
ST16C450 mode. BIT 6-7: are set to “1” in
ST16C2550 mode.

FIFO CONTROL REGISTER (FCR)

This register is used to enable the FIFOs, clear the
FIFOs, set the receiver FIFO trigger level, and select
the type of DMA signaling.

FCR BIT-0:
0=Disable the transmit and receive FIFO.
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1=Enable the transmit and receive FIFO.
This bit should be enabled before setting the FIFO
trigger levels.

FCR BIT-1:

0=No change.

1=Clears the contents of the receive FIFO and resets
its counter logic to 0 (the receive shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-2:

0=No change.

1=Clearsthe contents of the transmit FIFO and resets
its counter logic to 0 (the transmit shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-3:

0=No change.

1=Changes RXRDY and TXRDY pins from mode “0”
to mode “1”.

Transmit operation in mode “0”:

When ST16C2550 is in ST16C450 mode ( FCR bit-
0=0) orin the FIFO mode ( FCR bit-0=1, FCR bit-3=0
) when there are no characters in the transmit FIFO or
transmit holding register, the TXRDY* pin will go low.
Once active the TXRDY* pin will go high (inactive)
after the first character is loaded into the transmit
holding register.

Receive operation in mode “0”:

When ST16C2550 is in ST16C450 mode ( FCR bit-
0=0) orin the FIFO mode ( FCR bit-0=1, FCR bit-3=0
) and there is at least 1 character in the receive FIFO,
the RXRDY™* pin will go low. Once active the RXRDY*
pin will go high (inactive) when there are no more
characters in the receiver.

Transmit operation in mode “1”:

When ST16C2550 is in. ST16C550 mode ( FCR bit-
0=1, FCR bit-3=1) the TXRDY* pin will become high
(inactive) when the transmit FIFO is completely full. It
will be low if one or more FIFO locations are empty.

Receive operation in mode “1”:

When ST16C2550 is in ST16C550 mode ( FCR bit-
0=1, FCR bit-3=1) and the trigger level or the timeout
has been reached, the RXRDY* pin will go low. Once
it is activated it will go high (inactive) when there are
no more characters in the FIFO.

FCR BIT 4-5:
Not used.

FCR BIT 6-7:
These bits are used to set the trigger level for the
receiver FIFO interrupt.

0 0 01
0 1 04
1 0 08
1 1 14

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

BIT| BIT0 |  Wordlength

0 0
0 1
1 0
1 1

0o~ O,
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LCR BIT-2:
The number of stop bits can be specified by this bit.

th | Stop bitls)
1
1-1/2
2
LCR BIT-3:
Parity or no parity can be selected via this bit.
0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT-4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity is generated by forcing an odd number
of 1’s in the transmitted data, receiver also checks for
same format.

1=EVEN parity bit is generated by forcing an eventhe
number of 1’s in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).
0=normal operating condition.

1=forces the transmitter output (TX) to go low to alert

the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLAB).
0=normal operation.

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
0=force DTR* output to high.
1=force DTR* output to low.

MCR BIT-1:

. 0=force RTS* output to high.

1=force RTS* output to low.

MCR BIT-2:
Not used except in local loop-back mode.

MCR BIT-3:

O=set INT output pin to three state mode and OP2*
output to high.

1=set INT output pin to normal operating mode and
OP2* output to low.

MCR BIT-4:

0=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
the receiverinput (RX),CTS*, DSR*, CD*, andRI* are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, MCR
bit-2 and OP2*/INT enable are connected to modem
control inputs.

In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER.

MCR BIT 5-7:
Not used. Are set to zero permanently.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.
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LSR BIT-0:

0=no data in receive holding register or FIFO.
1=data has been received and saved in the receive
holding register or FIFO.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied or if FIFOs are enabled,
an overrun error will occur only after the FIFO is full
and the next character has been completely received
in the shift register. Note that character in the shift
register is overwritten, but it is not transferred to the
FIFO.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT-3:

0=no framing error (normal).

1=framing error received, received data did not have
a valid stop bit. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT-4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame). In FIFO mode, only one
zero character is loaded into the FIFO.

LSR BIT-5:

=transmit holding register is full. ST16C2550 will not
accept any data for transmission.
1=transmit holding register (or FIFO ) is empty. CPU
can load the next character.

LSR BIT-6:

O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty. In
FIFO mode this bit is set to one whenever the trans-
mitter FIFO and transmit shift register are empty.

LSR BIT-7:

0=Normal.

1=At least one parity error, framing error or break
indication in the FIFO. This bit is cleared when LSR is
read.

MODEM STATUS REGISTER (MSR)

0952091L1S

This register provides the current state of the control

lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.

MSR BIT-0:
Indicates that the CTS* input to the ST16C2550 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST16C2550 has
changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST16C2550 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C2550 has
changed state since the last time it was read.

MSR BIT-4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-5:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:
This bit is equivalent to MCR bit-2during local loop-
back mode. It is the compliment of the RI* input.

3-125



ST16C2550

ST16C2550

MSR BIT-7:

This bit is equivalent to OP2*/INT enable in the MCR
during local loop-back mode. It is the compliment to

the CD* input.

Note: Whenever MSR BIT3-0: is set to logic “1”, a

MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR)

+
ST16C2550 provides a temporary data register to

store 8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING

TABLE (1.8432 MHz CLOCK):

ST16C2550 EXTERNAL RESET CONDITION

BAUDRATE | 16xCLOCK | % ERROR
L _ DIVISOR o
50 2304
75 1536
110 1047 0.026
134.5 857 0.058
150 768
300 384
600 192
1200 96
2400 48
3600 32
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 277
115.2K 1
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REGISTERS | RESET STATE
IER IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,
LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,
MSR BITS 4-7=input signals
FCR FCR BITS 0-7=0
'SIGNALS | RESET STATE
TX High
oP2* High
RTS* High
DTR* High
INT Three state mode
N . s
asaz B8 888
RFFREERRARE
ps (11O | 36| ReseT
s [ 2 | [35] Dmae
o7 [3] [ 34] DIRa*
RxB [4 | 33| RTsA*
RXA E 32| opa*
TXRDYB* | 6 E RXRDYA*
xa [7 ST16C2550CQ48 E INTA
™B |8 (] mm
ors* [9 | (28] 40
csax [10]| [27] a1
“osee [ [26] a2
Ne [12 25
2
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

' Symbol |  Parameter : Limits - Units Conditions
R : Min Typ Max : ; i

T1 Clock high pulse duration 20 ns

T2 Clock low pulse duration 20 ns

Ts Clock rise/fall time 10 ns

Ts Chip select setup time 5 ns

Te Chip select hold time 0 ns

T Data set up time 15 ns

T Data hold time 15 ns

Ts IOW* delay from chip select 10 ns

Tis IOW* strobe width 50 ns

T Chip select hold time from IOW* 0 ns

T Wirite cycle delay 55 ns

Tw Write cycle=Tis+T47 105 ns

Tre Data hold time 15 ns

T21 IOR* delay from chip select 10 ns

T2 |IOR* strobe width 65 ns

Taa Chip select hold time from IOR* 0 ns

T2 Read cycle delay 55 ns

Tr Read cycle=Tz+T2s 115 ns

T2 Delay from IOR* to data 35 ns 100 pF load

Tas Delay from IOW* to output 50 ns | 100 pF load

Tao Delay to set interrupt from MODEM 70 ns 100 pF load

input

Tso Delay to reset interrupt from IOR* 70 ns 100 pF load

Ta Delay from stop to set interrupt 1Rek ns | 100 pF load

Ts2 Delay from IOR* to reset interrupt 200 ns 100 pF load

Tas Delay from initial INT reset to transmit 8 24 *

start

Tas Delay from stop to interrupt 100 ns

Tss Delay from IOW* to reset interrupt 175 ns

Tas Delay from stop to set RxRdy 1Rrotk

Tas Delay from IOR* to reset RxRdy 1 us

Tae Delay from IOW* to set TxRdy 195 ns

Tar Delay from start to reset TxRdy . 8 *

N Baud rate devisor 1 216-1

Note 1: * = Baudout* cycle

3-127



ST16C2550

ST16C2550

ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any pin GND-0.3 V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V £ 10% unless otherwise specified.

| Units |
ViLek Clock input low level \
ViHek Clock input high level \'
Vi Input low level \Y
ViH Input high level \
Vo Output low level on all outputs \% lo.= 6 mA
Vou Output high level \ low= -6 MA
lec Avg. power supply current mA
I Input leakage pA
le Clock leakage pA

This product can operate in 3.0 Volts environment. Please consult with factory for additional information.

CLOCK TIMING
- | 3
> e
EXTERNAL | ! N
CLOCK : I - : : } |
|
| |
| — N
‘ ! ! 3
PP
CLOCK PERIOD CLOCK PERIOD 161450-CK-1
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GENERAL READ TIMING

sz A Y
| |
| T8 §<_ To
| |
- 77
I
T21 e 123 124 T25
IOR*
! |
} |
T26 ¢—p le» T19
FoTTT | o N

162450-RD-1

GENERAL WRITE TIMING

|
| T8 » i‘ To
' |
~ ) 22/
|
T14 }4—»«% T15 P16 T7

162450-WD-1
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MODEM TIMING
Iow* —\—/
i
[
H T28
[
RTS* \'{
DTR* /
__________________ -
CD
CTS | {
DSR | :
N 1
T29 14.__” T29
T T
INTx ‘

162450-MD-1

|
|
T30 ¥ |¢ la»| T29
|
|
I
|
|
|
|
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»
-
-
[<2d
(2
N
(3]
(3]
o
RECEIVE TIMING
START BIT
<> DATA BITS (5-8) STOP BIT
-
N
RX (. DOJ D1£D2J D:&LMJ DsloeJmW
| U AU PR NN Y N S |
s e————— L L
S DATABITS | PARITYBIT| NEXT
| | | DATA
6 DATABITS ] | STARTBIT
| |
7 DATABITS ] > i¢ T31
L /.
INTX | | |
i : Ol
L 32 b i+
T
IOR* { | \f
boL

< g
16 BAUD RATE CLOCK 162450-RX-1
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RXRDY TIMING FOR MODE "0"

START BIT
> DATA BITS (5-8) STOP BIT
< g e
RX |
(First byte) :
|
|
5DATABITS PARITY BIT!
< > |
6 DATA BITS |
¢ > |
7 DATABITS |
|
I
{144
|
RXRDY*
| r———
IOR* 1/ \
oR / \L _
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(=2
(2]
N
On
(22,
(=

RXRDY TIMING FOR MODE "1"

START BIT
< DATA BITS (5-8) STOP BIT
< 2 g >
RX UDOJ D11D2.DSLD4J DSJDG'W :
SR PR U R RSP N RO | VY A
D > 'Ju—++{
5 DATABITS PARITY BIT!
|
< > '
6 DATABITS I First byte that reaches
- > | the trigger level
7 DATABITS

|
|
[

| T44
|

|
RXRDY* \ {
. |
[ T45

—
IOR* a \
loR /< KM>

16550-RX-3
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TRANSMIT TIMING

>

INTx

1ow*

START BIT
- > DATABITS (5-8) STOP BIT
- SR
/N
. DOJ D1LD2 I m[mJ DSLDGJ o7 X /i
U FR N R ] |
i 5 DATA BITS L |
| | PARITYBIT! NEXT
; L | DATA
! 6 DATA BITS | | STARTBIT
| € o | |
| 7DATABITS b > e T34
i I
| ! |
| |
> [« 133 ] ' ,
? L [
; ] r
| Lo T35 B ¢
T
| |

16 BAUD RATE CLOCK 162450-TX-1
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TXRDY TIMING FOR MODE "0"

START BIT
> DATABITS (5-8) STOP BIT
[P
> \ DOJ D1 lozj D3LD4J D5 LDSJ
\___ I R S IS D I
B
5 DATA BITS
6 DATA BITS
7 DATA BITS
/—___\
IOW* \
oW _ o
|
|
. ,
DO-D7 A BYTE# )
AN _I_ _/
|
L T46
A

TXRDY*

16550-TX-2
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TXRDY TIMING FOR MODE "1"

START BIT
b DATA BITS (5-8) STOP BIT
< > i«
TX \ K\ DOJ D1l02J'Dle4'DsjoelD7 ]
—— — PR —_ —_— -
> = > «—» |
SDATABITS PARITY BIT |
¢ > !
6 DATABITS :
e > !
7 DATABITS !
|
|
|
|
£ ‘
oW+ \ |
ow AN A I
! |
! |
- p |
D0-D7 BYTE#16 ) |
\_____r_/ : [
|
5 T46 i > e Tz
i |
TXRDY FIFO FULL

16550-TX-3
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An 72 EXARCompany

ST16C2552

Printed August 3, 1995

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

DESCRIPTION ]

The ST16C2552 is a dual asynchronous receiver and
transmitter with 16 byte transmit and receive FIFOs.
Independent programmable baud rate generators are
provided to select transmit and receive clock rates
from 50Hz to 1.5 MHz for each UART.

The on board status registers of the ST16C2552
provide the error conditions, type and status of the
transfer operation being performed. Complete MO-
DEM control capability and a processor interrupt
system that may be software tailored to the user’s
requirements are included. The ST16C2552 provides
internal loop-back capability for on board diagnostic
testing.

Signalling for DMA transfers is done through two pins
per channel ( TXRDY*, RXRDY* ). The RXRDY*
function is multiplexed on one pin with the OP2* and
BAUDOUT functions. CPU can select these functions
through the Alternate Function Register.

The ST16C2552 is fabricated in an advanced 1.2u
CMOS process to achieve low power and high speed
requirements.

FEATURES ]

* Pin to pin and functional compatible to National
NS16C552

* 16 byte transmit FIFO

* 16 byte receive FIFO with error flags

* Modem control signals (CTS*, RTS*, DSR*, DTR*,
RI*, CD*

* Programmable character lengths (5, 6, 7, 8) bits

* Even, odd, orno parity bit generation and detection

« Status report register

* TTL compatible inputs, outputs

* Independent transmit and receive control

* Software compatible with INS8250, NS16C550

* 460.8 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

ORDERING INFORMATION -'

Part number Package
ST16C2552CJ44 PLCC
ST16C25521J44 PLCC

Rev. 1.0

Operating temperature
0°C to+70°C
-40°C to+85°C
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PLCC Package
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CHSEL [16 30] cos*
wTe [17 29 | DSRB*
EEREEREIREIRI
Dbt h 2 bk 22 b ok



ST16C2552

ST16C2552

BLOCK DIAGRAM

Do-D7
IOR*
ow*
RESET

A0-A2
CS*
CHSEL

TXRDY* A/B
RXRDY* A/B

Data bus
&
Control Logic

Inter Connect Bus Lines
&
Control signals

Registers

Transmit
FIFO

Register

Transmit
Shift

Receive

Register

Receive
Shift

Clock
& ;
Baud Rate |
Generator ||

Modem
Control
Logic ||

~ N

: 3
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SYMBOL DESCRIPTION

- Symbol 0

| signal Type

Pin Description

D0-D7

RX A/B

TXA/B

cs*

CHSEL

XTAL1

XTAL2
Iow*
IOR*

A0-A2

2-9

39,25

38,26

18

16

1"

13

20

24

10,14,15

110

Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

Serial datainput A/B. The serial information (data) received
from serial port to ST16C2552 receive input circuit. A miark
(high) islogic one and a space (low) islogic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

Serial data output A/B. The serial data is transmitted via
this pin with additional start, stop and parity bits. The TXwill
be held in mark (high) state during reset, local loopback
mode or when the transmitter is disabled.

Chip select. (active low) A low at this pin enables the
ST16C2552 / CPU data transfer operation.

UART A/Bselect. UART A or B can be selected by changing
the state of this pin when CS* is active. Low on this pin,
selects the UART B and high on this pin selects UART A
section.

Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

Crystal input 2 or buffered clock output. See XTAL1.
Should be left open if a clcok is connected to XTAL1.

Write strobe. (active low) A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

Read strobe. (active low) A low level on this pin transfers
the contents of the ST16C2552 data bus to the CPU.

Address select lines. To select internal registers.
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SYMBOL DESCRIPTION

s

Pin

| signal Type |

“ :‘Pi:‘n besc,lz'i‘pt‘ifm..‘ .

INT A/B

MF* A/B

TXRDY* A/B

RTS* A/B

DTR* A/B

RESET

34,17

35,19

1,32

36,23

37,27

21

O

Interrupt output A/B. (active high) This pin goes high (when
enabled by the interrupt enable register) whenever a re-
ceiver error, receiver data available, transmitter empty, or
modem status condition flag is detected.

OP2* (interrupt enable), BAUDOUT™* and RXRDY* outputs.
These outputs are multiplexed via Alternate Function Reg-
ister. When output enable function is selected the MF* pin
stays high when INT out pin is set to three state mode and
goes lowwhen INT pin is enabled. See bit-3 modem control
register (MCR bit-3). When BAUDOUT function is selected,
the 16 X TX/RX Baud rate clock output is generated.
RXRDY function can be selected to use to request a DMA
transfer of data from the Receive data FIFO. OP2* is the
default signal and it is selected immediately after master
reset or power-up.

Transmit ready. (active low) This pin goes high when the
transmit FIFO of the ST16C2552 is full. It can be used as a
single or multi-transfer.

Request to send A/B (active low). To indicate that the
transmitter has data ready to send. Writing a “1” in the
modem control register (MCR bit-1) will set this pin to a low
state. After the reset this pin will be set to high. Note that
this pin does not have any effect on the transmit or receive
operation.

Data terminal ready A/B (active low). To indicate that
ST16C2552 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Wiriting a“1” atthe MCR bit-O will setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset . Note that this pin does not have
any effect on the transmit or receive operation.

Master reset. (active high) A high on this pin will reset éll the
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.
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SYMBOL DESCRIPTION

Signal Type Pin Description

CTS*A/B 40,28 | Clear to send A/B (active low). The CTS* signal is a
MODEM control function input whose conditions can be
tested by reading the MSR BIT-4. CTS* has no effect on the
transmit or receive operation.

DSR* A/B 41,29 i Data set ready A/B (active low). A low on this pin indicates
the MODEM isreadyto exchange datawith UART. This pin
does not have any effect on the transmit or receive opera-
tion.

CD* A/B 42,30 | Carrier detect A/B (active low). A low on this pin indicates
the carrier has been detected by the modem.

RI* A/B 43,31 | Ring detect indicator A/B (active low). A low on this pin
indicates the modem has received a ringing signal from
telephone line.

VCC 33,44 | Power supply input.

GND 12,22 (0] Signal and power ground.

PROGRAMMING TABLE
READ MODE WRITE MODE

OO0 —_A=_2=_2=20000
00002200
O 0,000 =-=0

Receive Holding Register

Interrupt Status Register

Line Status Register
Modem Status Register
Scratchpad Register

Alternate Function Register

Transmit Holding Register
Interrupt Enable Register
FIFO Control Register
Line Control Register
Modem Control Register

Scratchpad Register
LSB of Divisor Latch
MSB of Divisor Latch
Alternate Function Register
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ST16C2552 ACCESSIBLE REGISTERS A/B

\0 | Register | BIT7 | BIT6 | BITS | BIT4 | BIT3 | BIT ‘
000 RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-1 bit-0
0o00O0 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 IER 0 0 0 0 modem | receive |transmit| receive
status line holding | holding
interrupt| status | register| register
interrupt

010 FCR RCVR | RCVR 0 0 DMA XMIT | RCVR | FIFO
trigger | trigger mode FIFO FIFO | enable

MSB) (LSB) select reset reset
010 ISR o/ o/ 0 0 int int int int
FIFOs | FIFOs priority | priority | priority | status

enabled | enabled bit-2 bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break | parity | parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop oP2* OP1* RTS* | DTR*

back

101 LSR o/ trans. trans. break | framing| parity |overrun| receive
FIFO | empty | holding |interrupt] error error error data
error empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CcD* RI* DSR* | CTS*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
000 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00 1 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | Dbit-9 bit-8
010 AFR 0 0 0 0 0 MF* MF* SP
sel-1 sel-0 write

These registers are accessible only when LCR bit-7 is set to “1”.
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REGISTER FUNCTIONAL DESCRIPTIONS

TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided inthe Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

Onthe falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RXinput. Receiver status codes will
be posted in the Line Status Register.

FIFO INTERRUPT MODE OPERATION

When the receive FIFO (FCR BIT-0=1) and receive
interrupts (IER BIT-0=1) are enabled, receiver inter-
rupt will occur as follows:

A) Thereceive data available interrupts will be issued
to the CPU when the FIFO has reached its pro-
grammed trigger level; it will be cleared as soon as the
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhenthe FIFOtriggerlevelisreached, and like
the interrupt it is cleared when the FIFO drops below
the trigger level.

C) The data ready bit (LSR BIT-0) is set as soon as a
character is transferred from the shift register to the
receiver FIFO. It is reset when the FIFO is empty.

FIFO POLLED MODE OPERATION

When FCR BIT-0=1; resetting IER BIT 3-0to zero puts
the ST16C2552in the FIFO polled mode of operation.
Since the receiver and transmitter are controlled
separately either one orboth can be inthe polled mode
operation by utilizing the Line Status Register.

A) LSR BIT-0 will be set as long as there is one byte
in the receive FIFO.

B) LSR BIT4-1 will specify which error(s) has oc-
curred.

C) LSR BIT-5 will indicate when the transmit FIFO is
empty.

D) LSR BIT-6 will indicate when both transmit FIFO
and transmit shift register are empty.

E) LSR BIT-7 will indicate when there are any errors
in the receive FIFO.

PROGRAMMABLE BAUD RATE GENERATOR

Each UART section of the ST16C2552 contains a
programmable Baud Rate Generator that is capable
oftaking any clock input from DC-24 MHz and dividing
it by any divisor from 1t0 216-1. The output frequency
of the Baudout* is equal to 16X of transmission baud
rate (Baudout*=16 x Baud Rate). Customize Baud
Rates can be achieved by selecting proper divisor
values for MSB and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.

IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

3-143

w
—
-
=14
0O
N
4
0
N




ST16C2552

ST16C2552

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 4-7:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C2552 provides four level prioritized inter-
rupt conditions to minimize software overhead during
data character transfers. The Interrupt Status Regis-
ter (ISR) provides the source of the interrupt in priori-
tized matter. During the read cycle the ST16C2552
provides the highest interrupt level to be serviced by
CPU. No otherinterrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Receive Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

*RECEIVE TIME-OUT:

This mode is enabled when STARTECH UART is
operating in FIFO mode. Receive time out will not
occur if the receive FIFO is empty. The time out
counter will be reset at the center of each stop bit
received or each time receive holding registeris read.
The actual time out value is T ( Time out length in
bits)= 4 X P ( Programmed word length) + 12. To
convert time out value to a character value, user has
to divide this number to its complete word length +
parity ( if used) + number of stop bits and start bit.

Example -A: If user programs the word length = 7, and
no parity and one stop bit, Time out will be:

T = 4 X 7( programmed word length) +12 = 40 bits
Charactertime =40/ 9 [ (programmed word length =
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters.

Example -B: If user programs the word length = 7, with
parity and one stop bit, the time out will be:

T = 4 X 7(programmed word length) + 12 = 40 bits
Character time = 40 / 10 [ (programmed word length
=7) + (parity = 1) + (stop bit = 1) + (start bit=1) = 4
characters.

ISR BIT-0:

O=an interruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

ISR BIT 1-3:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 4-7:
These bits are not used and are setto zero ifthe FIFOs
are notenabled. BIT 6-7: are setto “1”whenthe FIFOs
are enabled.

FIFO CONTROL REGISTER (FCR)

This register is used to enable the FIFOs, clear the
FIFOs, set the receiver FIFO trigger level, and select
the type of DMA signaling.

FCR BIT-0:
0=Disable the transmit and receive FIFO.
1=Enable the transmit and receive FIFO.
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FCR BIT-1:

0=No change.

1=Clears the contents of the receive FIFO and resets
its counter logic to 0 (the receive shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-2:

0=No change.

1=Clears the contents of the transmit FIFO and resets
its counter logic to 0 (the transmit shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-3:

0=No change.

1=Changes RXRDY and TXRDY pins from mode “0”
to mode “1”.

Transmit operation in mode “0”:

When ST16C2552 is in ST16C450 mode ( FCR bit-
0=0) orin the FIFO mode (FCR bit-0=1, FCR bit-3=0
) when there are no characters in the transmit FIFO or
transmit holding register, the TXRDY* pin will go low.
Once active the TXRDY* pin will go high (inactive)
after the first character is loaded into the transmit
holding register.

Receive operation in mode “0”:

When ST16C2552 is in ST16C450 mode ( FCR bit-
0=0) orinthe FIFO mode (FCR bit-0=1, FCR bit-3=0
) and there is at least 1 character in the receive FIFO,
the RXRDY™* pin will go low. Once active the RXRDY*
pin will go high (inactive) when there are no more
characters in the receiver.

Transmit operation in mode “1”:

When ST16C2552 is in ST16C550 mode ( FCR bit-
0=1, FCR bit-3=1) the TXRDY* pin will become high
(inactive) when the transmit FIFO is completely full. it
will be low if one or more FIFO locations are empty.

Receive operation in mode “1”:

When ST16C2552 is in ST16C550 mode ( FCR bit-
0=1, FCR bit-3=1) and the trigger level or the timeout
has been reached, the RXRDY* pin will go low. Once
it is activated it will go high (inactive) when there are

no more characters in the FIFO.

FCR BIT 4-5:
Not used.

FCR BIT 6-7:
These bits are used to set the trigger level for the
receiver FIFO interrupt.

BIT-7 | BIT-6 FIFO trigger level
0 0 01
0 1 04
1 0 08
1 1 14

ALTERNATE FUNCTION REGISTER (AFR)

This is a read/write register used to select specific
modes of MF* operation and to allow both UART
registers sets to be written concurrently.

AFR BIT-0:

When this bit is set, CPU can write concurrently to the
same registerin both UARTS. This functionisintended
to reduce the dual UART initialization time. It can be
used by CPU when both channels are initialized to the
same state. CPU can set or clear this bit by accessing
either register set. When this bit is set the channel
select pin still selects the channel to be accessed
during read operation. Setting or clearing this bit has
no effect on read operations.

The user should ensure that LCR Bit-7 of both chan-
nels are in the same state before executing a concur-
rent write to the registers at address 0,1, or 2.

AFR BIT 1-2:
Combinations of these bits selects one of the MF*
functions.
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P ;"MF* F unbﬁé,n,,‘f'- .
0 0 oP2*
0 1 BAUDOUT*
1 0 RXRDY*
1 1 Reserved
AFR BIT 3-7:

Not used. All these bits are set to logic zero.

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

BIT4| BIT0 | Wordlength
0 0 5
0 1 6
1 0 7
1 1 8
LCR BIT-2:

The number of stop bits can be specified by this bit.

.‘ Wordlength Stop bit(s)

0 56,7,8

1
1 5 1-1/2
1 6,7,8 2
LCR BIT-3:

Parity or no parity can be selected via this bit.
0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity is generated by forcing an odd number
of 1’s in the transmitted data, receiver also checks for
same format.

1= EVEN parity bit is generated by forcing an even
number of 1’s in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

if the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).

0=normal operating condition.

1=forces the transmitter output (TX) to go low to alert
the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLAB).
0=normal operation.

1=select Divisor Latch Register and Alternate Func-
tion Register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-0:
0=force DTR* output to high.
1=force DTR* output to low.

MCR BIT-1:
0=force RTS* output to high.
1=force RTS* output to low.
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MCR BIT-2:
Not used except in local loop-back mode.

MCR BIT-3:
0=force OP2* output to high.
1=force OP2* output to low.

MCR BIT-4:

0=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
thereceiverinput (RX) ,CTS*, DSR*,CD*, and RI* are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, OP1*
and OP2* are connected to modem control inputs.
In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER .

MCR BIT 5-7:
Not used. Are set to zero permanently.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.

LSR BIT-0:

0=no data in receive holding register or FIFO.
1=data has been received and saved in the receive
holding register or FIFO.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied or if FIFOs are enabled,
an overrun error will occur only after the FIFO is full
and the next character has been completely received
in the shift register. Note that character in the shift
register is overwritten, but it is not transferred to the
FIFO.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT-3:

0=no framing error (normal).

1=framing error received, received data did not have
a valid stop bit. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame). In FIFO mode, only one
zero character is loaded into the FIFO.

LSR BIT-6:

O=transmit holding register is full. ST16C2552 will not
accept any data for transmission.

1=transmit holding register (or FIFO ) is empty. CPU
can load the next character.

LSR BIT-6:

O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty. In
FIFO mode this bit is set to one whenever the trans-
mitter FIFO and transmit shift register are empty.

LSR BIT-7:

0=Normal.

1=At least one parity error, framing error or break
indication in the FIFO. This bit is cleared when LSR is
read.

MODEM STATUS REGISTER (MSR)

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register.
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MSR BIT-0:
Indicates that the CTS* input to the ST16C2552 has
changed state since the last time it was read.

MSR BIT-1:

Indicates that the DSR* input to the ST16C2552 has
changed state since the last time it was read.

MSR BIT-2:

Indicates that the RI* input to the ST16C2552 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C2552 has
changed state since the last time it was read.

MSR BIT-4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-5:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:
This bit is equivalent to OP1 in the MCR during local
loop-back mode. It is the compliment of the RI* input.

MSR BIT-7:
This bit is equivalent to OP2 in the MCR during local
loop-back mode. Itis the complimentto the CD*input.

Note: Whenever MSR BIT3-0: is set to logic “1”, a
MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR)

ST16C2552 provides a temporary data register to
store 8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

'BAUD RATE |

50
75
150
300
600
1200
2400
4800
7200
9600
19.2K

38.4K 3
56K 2 2.77
115.2K 1

ST16C2552 EXTERNAL RESET CONDITION

_REGISTERS | RESETSTATE
IER IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,
LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,
MSR BITS 4-7=input signals
FCR FCR BITS 0-7=0
MFR AFR BITS 0-7=0
SIGNALS RESET STA
TX High
opP2* High
RTS* High
DTR* High
INT Low
TXRDY* Low
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Voltage at any pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vce=5.0 V £ 10% unless otherwise specified.

7 Volts
GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C
500 mW

Symbol |  Parameter -
Viek Clock input low level -0.5
ViHek Clock input high level 3.0
Vi Input low level -0.5
ViH Input high level 22
Vo Output low level on all outputs
Von Output high level 2.4
lec Avg. power supply current
he Input leakage
lev Clock leakage

+10
10

1 Units | .CO’[\':
\'}
\
\
\Y)
\Y) lo.= 6 mA
\) low= -6 MA
mA
pnA
pA

This product can operate in 3.0 Volts environment. Please consult with factory for additional information.
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=5.0 V + 10% unless otherwise specified.

Symbol Parameter Limits Units | Conditions
i Min - Typ  Max '
Ti Clock high pulse duration 20 ns
T2 Clock low pulse duration 20 ns
Ts Clock rise/fall time 10 ns
Ts Chip select setup time 5 ns
Te Chip select hold time 0 ns
T Data set up time 15 ns
T Data hold time 15 ns
Taa IOW* delay from chip select 10 ns
T1s IOW* strobe width 50 ns
T1e Chip select hold time from IOW* 0 ns
Tz Write cycle delay 55 ns
Tw Write cycle=T1s+T17 105 ns
Tie Data hold time 15 ns
T2 IOR* delay from chip select 10 ns
T2 IOR* strobe width 65 ns
Tos Chip select hold time from IOR* 0 ns
T2 Read cycle delay 55 ns
Tr Read cycle=Tz+T2 115 ns
T2s Delay from IOR* to data 35 ns | 100 pF load
Tas Delay from IOW* to output 50 ns 100 pF load
T2 Delay to set interrupt from MODEM 70 ns 100 pF load
input
Tao Delay to reset interrupt from |IOR* 70 ns 100 pF load
Ta Delay from stop to set interrupt 1Rek ns 100 pF load
Ta2 Delay from IOR* to reset interrupt 200 ns 100 pF load
Tss Delay from initial INT reset to transmit 8 24 *
start
Tas Delay from stop to interrupt 100 ns
Tas Delay from IOW* to reset interrupt 175 ns
Tae Delay from initial Write to interrupt 16 24 *
Taa Delay from stop to set RxRdy 1Rk
Tas Delay from IOR* to reset RxRdy 1 us
T Delay from IOW* to set TxRdy 195 ns
Ta Delay from start to reset TxRdy 8 *
N Baud rate devisor 1 216-1
Note 1: * = Baudout* cycle
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CLOCK TIMING
T2 i
!4—————»: > e
EXTERNAL | ' N
CLOCK | | . N/ AN
|
! —n | > e
| | | T3
PP

CLOCK PERIOD CLOCK PERIOD 161450-CK-1

GENERAL READ TIMING

A0-A2 ;z% W %
| T8 |
________________ !
oHSEL JE——/X/ }I)( _______________________________
;4_’! }¢ 9
cs* % W %/
T21 123 1 T24 125
T26 L—N -____lltu me
D0-D7 % W % W

162552-RD-1
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GENERAL WRITE TIMING

LE"
cs l l
ow Gl
D0-D7 7 H% - % ______ /\W

162552-WD-1
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MODEM TIMING

ow*

RTS*
DTR*

CD
CTs
DSR

INTx

IOR*

RI

162450-MD-1
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RECEIVE TIMING
START BIT
b DATABITS (5-8) STOP BIT
¢ > e
/N
RX \ DoJmLDzJDsLmJDs{DsAJm/ Vo
LSRN UG S JENO ) ISP N EOR |
D > L
SDATABITS | PARITYBIT! NEXT
. > by | DATA
6 DATABITS o | STARTBIT
»l
i | 1
7 DATABITS R e T31
| L
|
L |
INTx Pl i
T !
| | T32 B <
T
IOR* | |
DL

> >
16 BAUD RATE CLOCK 162450-RX-1
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RXRDY TIMING FOR MODE "0"

START BIT
i DATABITS (5-8) STOPBIT
>t > D
RX oo | o1 D2 | D3 | D4 | D5 | D6 ‘
(First byte) ! J D7J !
PR « >
5 DATABITS PARITY BIT]
I > |
6 DATABITS |
- |
[ ) Ll |
7 DATABITS !
|
[
| T4
|

|
RXRDY* \ f
|
. |
{145

|
IOR* U

16552-RX-2
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RXRDY TIMING FOR MODE "1"

START BIT
R DATA BITS (5-8) STOP BIT

e > P
RX \ DOJD1LD2JD3ID4‘DSID6'D7 |

S SRR RN NN SO N SRR I I N A N

'« B <) |

h 5 DATABITS g |

PARITY BIT|
< > I
6 DATABITS I First byte that reaches
€ > : the trigger level
7 DATA BITS

|
|
[

| T44
|

|
RXRDY* \ f
K |
H T45
|

IOR* \ /

16552-RX-3
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INTx *! [+ T33
T
|
|
|

»
-
-
(23
Q
N
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(3
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TRANSMIT TIMING
START BIT
RSN DATABITS (5-8) STOP BIT
-« >
VA
™ \ DOJ D1l02‘1 DslmJ DSIDGJ D7W
SRR (NS SR SIS N MU N S |
{ e I
! SDATABITS | PARITYBIT| NEXT
| e » | DATA
! 6 DATABITS | | STARTBIT 3
[ < > :
! 7 DATA BITS ! > ;,4_ T34
I } |
| / !
| / 1\
t |
| |
:
|
|
|

&
A

|
low- —\—J

— >
16 BAUD RATE CLOCK 162450-TX-1
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TXRDY TIMING FOR MODE "0"

START BIT

P DATABITS (5-8)

STOP BIT
>

e
VA /___\
> \ DOJ D1 Loz } D3 LmJ D5 LDGJ o7 X ) )
| SSSS [ S MRS ENS RS ISR ! | R

< = . |
5DATABITS PARITY BIT |
|
6 DATABITS i
| > |
7 DATABITS |
|
|
|
|
[
low* U |
|
| |
' |
I / [
DO-D7 BYTE#1 ) |
A S 1 |
| , |
L T46 | > T4z
[ |
I~ g I
TXRDY* !
16552-TX-2
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TXRDY TIMING FOR MODE "1"

START BIT
DATA BITS (5-8) STOP BIT
> e
> \ &DoJmLDzJDalm'osloe,m/
L NN SRR [SSSRN EUR R IO S _ l A,
<+ —» |
SDATABITS PARITY BIT |
< > l
6 DATABITS :
|
7 DATABITS !
|
|
|
|
!
IoW* !
! |
! |
! |
! I
-, , |
DO-D7 XBYTE #16 {
M___T~/ =|
L T46 i > & a7
b > :
|
* |
TXRDY / FIFO FULL \

165652-TX-3

3-159



ST16C2552

ST16C2552

3-160



STARTECH ST16C550

An 722 EXAR Company Printed August 3, 1995
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

DESCRIPTION ] PLCC Package
The ST16C550 is a universal asynchronous receiver ss8s838:588
and transmitter with 16 byte transmit and receive Lol LM [ F R R FLE]
FIFO. A programmable baud rate generator is pro- 05 [7] 39) ReESET
vided to select transmit and receive clock rates from o6 2] O 38] opr-
50Hz to 1.5 MHz. o7 (9] 37] DTR*
The ST16C550 is an improved version of the RoLk (10} 36] RTs*
NS16C550 UART with higher operating speed and rx [11] 35] opz*
lower access time. The ST16C550 on board status ne. 2] ST16C550C)44 5] ne.
registers provides the error conditions, type and ™ [13] 3] INT
status of the transfer operation being performed. cso [14] 32} RXROY*
Included is complete MODEM control capability, and ost (5] A R
a processor interrupt system that may be software osz [} [30] A1
tailored to the user’s requirements. The ST16C550 BaupouT” L17 2] 22
provides internal loop-back capability for on board el 2] 18] s 8] o] (=] 8] (=] [ (8]
diagnostic testing. 2 g AR EREEEE:
The ST16C550 is fabricated in an advanced 1.2u = 2
CMOS process to achieve low drain power and high
speed requirements. Plastic-DIP Package
FEATURES 1
= Do [1] -/ [40] vee
*Pin to pin and functional compatible to D1 (2} [39] RI*
NS16550,VL16C550,WD16C550 o2 [3] 58] co*
* 16 byte transmit FIFO .
* 16 byte receive FIFO with error flags os [ 30 oSk
* Modem control signals (CTS*, RTS* DSR*, DTR*, b4 [5] [ 36] cTs*
RI*, CD*) 05 (6] [35 ] RESET
* Programmable character lengths (5, 6, 7, 8) o6 [T 54] op1*
* Even, odd, orno parity bitgeneration and detection .
* Independent transmit and receive control or L& 331 bR
« TTL compatible inputs, outputs Rewk [9] E [ 32] RTS”
» Software compatible with INS8250, NS16C550 Rx [10] 9] [31] oP2*
* 460.8 kHz transmit/receive operation with 7.372 ™ [i] 8 EI
MHz crystal or external clock source cso [13 g 257 rRxrOY
cs1 [(13] ’tl_J 28] A0
cs2+ [14] 27] M
ORDERING INFORMATION ] BAUDOUT* [T5] o
XTAL1 [16] [25] As*
Part number Package Operating temperature , Y
ST16C550CP40  PlasticDIP  0°C to + 70° C XAz [17] 21 meRoY
ST16C550CJ44  PLCC 0°C to+70°C ow- [18]1 23] oDis*
ST16C550CQ52 QFP 0°C to+70°C low (1] [ 22] I0R
ST16C550CQ48 TQFP 0°C to+70°C oND [30 (317 1oR

*Industrial operating range are available
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SYMBOL DESCRIPTION

symbol |  Pin signal Type | _ PpinDescription
. 40 ...

D0-D7 1-8 2-9 110 Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

RCLK 9 10 | Receive clock input. The external clock input to the
ST16C550 receiver section if receiver data rate is different
from transmitter data rate.

RX 10 11 | Serial data input. The serial information (data) received
from serial port to ST16C550 receive input circuit. A mark
(high) is logicone and a space (low) islogic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

X 11 13 (0] Serial data output. The serial data istransmitted via this pin
with additional start, stop and parity bits. The TX will be held
in mark (high) state during reset, local loopback mode or
when the transmitter is disabled.

Cso0 12 14 | Chip select 1. (active high) A high at this pin enables the
ST16C550 / CPU data transfer operation.

Cs1 13 15 | Chip select 2. (active high) A high at this pin enables the
ST16C550 / CPU data transfer operation.

cs2* 14 16 | Chip select 3. (active low) A low at this pin (while CS0=1
and CS1=1) will enable the ST16C550 / CPU data transfer
operation.

BAUDOUT* 15 17 0] Baud rate generator clock output. This output provides the

16x clock of the internal selected baud rate. RCLK pinis
connected externally to BAUDOUT* pin to provide receive
clock.

XTAL1 16 18 | Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.
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IOW* 18 20 | Write strobe. (active low) A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

IOW 19 21 | Write strobe. (active high) Same as IOW?*, but uses active
high input. Note that only an active IOW* or IOW input is
required to transfer data from CPU to ST16C550 during
write operation. All the unused pin should be tied to VCC or

GND.
GND 20 22 (@) Signal and power ground.
IOR* 21 24 | Read strobe. (active low) A low level on this pin transfers

the contents of the ST16C550 data bus to the CPU.

IOR 22 25 | Read strobe. (active high) Same as IOR*, but uses active
high input. Note that only an active IOR* or IOR input is
required to transfer data from ST16C550 to CPU during
read operation. All the unused pin should be tied to VCC
or GND.

DDIsS* 23 26 (e) Drive disable. (active low) This pin goes low when the CPU
] is reading data from the ST16C550 to disable the external
transceiver or logic’s.

TXRDY* 24 27 (@] Transmit ready. (active low) This pin goes high when the
transmit FIFO of the ST16C550 is full. It can be used as a
single or multi-transfer.

AS* 25 28 | Address strobe. (active low) A low on this pin will latch the
state of the chip selects and addressed register (A2-A0).
This input is used when signals are not stable for the
duration of a read or write operation. If not required, tie the
AS* input permanently low.

A2 26 29 | Address select line 2. To select internal registers.

A1 27 30 l Address select line 1. To select internal registers.
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SYMBOL DESCRIPTION

Address select line 0. To select internal registers.

RXRDY* 29 32 o] Receive ready. (active low) This pin goes low when the
receive FIFO is full. It can be used as a single or multi-
transfer.

INT 30 33 (@) Interrupt output. (active high) This pin goes high (when

enabled by the interrupt enable register) whenever a re-
ceiver error, receiver data available, transmitter empty, or
modem status condition flag is detected.

opP2* 31 35 O General purpose output. (active low) User defined output.
See bit-3 modem control register (MCR bit-3).

RTS* 32 36 (0] Request to send. (active low) To indicate that the transmit-
ter has data ready to send. Writing a “1” in the modem
control register (MCR bit-1 ) will set this pin to a low state.
Afterthe reset this pin will be set to high. Note that this pin
does not have any effect on the transmit or receive opera-
tion.

DTR* 33 37 (0] Data terminal ready. (active low) To indicate that
ST16C550 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writinga“1” atthe MCR bit-0 will setthe DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset . Note that this pin does not have
any effect on the transmit or receive operation.

OP1* 34 38 (@) General purpose output. (active low) User defined output.
See bit-2 of modem control register (MCR bit-2).

RESET 35 39 | Master reset. (active high) A high on this pin will reset all the
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

CcTS* 36 40 | Clear to send. (active low) The CTS* signal is a MODEM
control function input whose conditions can be tested by
reading the MSR BIT-4. CTS* has no effect on the transmit
or receive operation.
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SYMBOL DESCRIPTION

" PinDesoription

DSR* 37 41 | Data set ready. (active low) A low on this pin indicates the
MODEM is ready to exchange data with UART. This pin
does not have any effect on the transmit or receive opera-
tion.

cD* 38 42 | Carrier detect. (active low) A low on this pin indicates the
carrier has been detected by the modem.

RI* 39 43 | Ring detectindicator. (active low) A low on this pin indicates
the modem has received a ringing signal from telephone
line.

VCC 40 44 | Power supply input.

PROGRAMMING TABLE

A1 | A0 | READMODE WRITE MODE
0 0 0 Receive Holding Register Transmit Holding Register
0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register FIFO Control Register
0 1 1 Line Control Register
1 0 0 . Modem Control Register
1 0 1 Line Status Register
1 1 0 Modem Status Register
1 1 1 Scratchpad Register Scratchpad Register
0 0 0 LSB of Divisor Latch
0 0 1

MSB of Divisor Latch
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ST16C550 ACCESSIBLE REGISTERS

Tems] ervs [ ema| srs| a2 | oira |
000 RHR bit-7 bit-6 bit-3 bit-2 bit-0
000 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 01 IER 0 0 0 0 modem | receive | transmit| receive
status line holding | holding
interrupt| status | register| register
interrupt
010 FCR RCVR | RCVR 0 0 DMA XMIT | RCVR | FIFO
trigger | trigger mode FIFO FIFO | enable
(MSB) | (LSB) select reset reset
010 ISR o/ o/ 0 0 int int int int
FIFOs | FIFOs priority | priority | priority | status
enabled | enabled bit-2 bit-1 bit-0
01 1 LCR divisor set set even parity stop word word
latch break parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop OP2* | OP1* | RTS* | DTR*
back
101 LSR o/ trans. trans. break | framing| parity | overrun| receive
FIFO | empty | holding | interruptf error error error data
error empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CD* RI* DSR* | CTS*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 00 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 0 1 DLM bit-15 | bit-14 | bit-13 | bit-12 | bit-11 | bit-10 | bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1”.
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REGISTER FUNCTIONAL DESCRIPTIONS
TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-D0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

Onthe falling edge of the start bit, the receiverinternal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RX input. Receiver status codes will
be posted in the Line Status Register.

FIFO INTERRUPT MODE OPERATION

When the receive FIFO (FCR BIT-0=1) and receive
interrupts (IER BIT-0=1) are enabled, receiver inter-
rupt will occur as follows:

A) Thereceive data available interrupts will be issued
to the CPU when the FIFO has reached its pro-
grammed trigger level; it will be cleared as soon asthe
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhenthe FIFO triggerlevelisreached, and like
the interrupt it is cleared when the FIFO drops below
the trigger level.

C) The data ready pit (LSR BIT-0) is set as soon as a
character is transferred from the shift register to the
receiver FIFO. It is reset when the FIFO is empty.

FIFO POLLED MODE OPERATION

When FCR BIT-0=1; resetting IER BIT 3-0to zero puts
the ST16C550 in the FIFO polled mode of operation.
Since the receiver and transmitter are controlled
separately either one or both can be in the polled mode
operation by utilizing the Line Status Register.

A) LSR BIT-0 will be set as long as there is one byte
in the receive FIFO.

B) LSR BIT4-1 will specify which error(s) has oc-
curred.

C) LSR BIT-5 will indicate when the transmit FIFO is
empty.

D) LSR BIT-6 will indicate when both transmit FIFO
and transmit shift register are empty.

E) LSR BIT-7 will indicate when there are any errors
in the receive FIFO.

The ST16C550 requires to have two step FIFO enable
operation in order to enable receive trigger levels.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C550 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-24 MHz and dividing it by any divisor from 1
to 21 -1. The output frequency of the Baudout* is
equal to 16X of transmission baud rate (Baudout*=16
x Baud Rate). Customize Baud Rates can be
achieved by selecting proper divisor values for MSB
and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.
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IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
0=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 7-4:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C550 provides four level prioritized inter-
rupt conditions to minimize software overhead during
data character transfers. The Interrupt Status Regis-
ter (ISR) provides the source of the interrupt in priori-
tized matter. During the read cycle the ST16C550
provides the highest interrupt level to be serviced by
CPU. No other interrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

P |D3|D2 D1 DO | Source of the interrupt

11011110 LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Receive Data
time out)

TXRDY ( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

210111010

2*1111]10]0

*RECEIVE TIME-OUT:

This mode is enabled when STARTECH UART is
operating in FIFO mode. Receive time out will not
occur if the receive FIFO is empty. The time out
counter will be reset at the center of each stop bit
received or each time receive holding registeris read.
The actual time out value is T ( Time out length in
bits)= 4 X P ( Programmed word length) + 12. To
convert time out value to a character value, user has
to divide this number to its complete word length +
parity ( if used) + number of stop bits and start bit.

Example -A: If user programs the word length =7, and
no parity and one stop bit, Time out will be:

T = 4 X 7( programmed word length) +12 = 40 bits
Charactertime =40/ 9 [ (programmed word length =
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters.

Example -B: If user programs the word length = 7, with
parity and one stop bit, the time out will be:

T = 4 X 7(programmed word length) + 12 = 40 bits
Character time = 40 / 10 [ (programmed word length
=7) + (parity = 1) + (stop bit = 1) + (start bit=1) = 4
characters.

ISR BIT-0:

O=an interruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

ISR BIT 1-3:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 4-7:

These bits are not used and are set to zero in
ST16C450 mode. BIT 6-7: are setto “1”in ST16C550
mode.

FIFO CONTROL REGISTER (FCR)

This register is used to enable the FIFOs, clear the
FIFOs, set the receiver FIFO trigger level, and select
the type of DMA signaling.

FCR BIT-0:
0=Disable the transmit and receive FIFO.
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1=Enable the transmit and receive FIFO.
This bit should be enabled before setting the FIFO
trigger levels.

FCR BIT-1:

0=No change.

1=Clears the contents of the receive FIFO and resets
its counter logic to 0 (the receive shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-2:

0=No change.

1=Clears the contents of the transmit FIFO and resets
its counter logic to O (the transmit shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-3:

0=No change.

1=Changes RXRDY and TXRDY pins from mode “0”
to mode “1”.

Transmit operation in mode “0”:

When ST16C550is in ST16C450 mode ( FCR bit-0=0
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0)
when there are no characters in the transmit FIFO or
transmit holding register, the TXRDY* pin will go low.
Once active the TXRDY* pin will go high (inactive)
after the first character is loaded into the transmit
holding register.

Receive operation in mode “0”:

When ST16C550is in ST16C450 mode ( FCR bit-0=0
)orinthe FIFO mode (FCR bit-0=1, FCR bit-3=0) and
there is at least 1 character in the receive FIFO, the
RXRDY* pin will go low. Once active the RXRDY* pin
will go high (inactive) when there are no more charac-
ters in the receiver.

Transmit operation in mode “1”:

When ST16C550is in FIFO mode (FCR bit-0=1, FCR
bit-3=1) the TXRDY™* pin will become high (inactive)
when the transmit FIFO is completely full. It will be low
if one or more FIFO locations are empty.

Receive operation in mode “1”:

When ST16C550is in FIFO mode (FCR bit-0=1, FCR
bit-3=1) and the trigger level or the timeout has been
reached, the RXRDY* pin will go low. Once it is
activated it will go high (inactive) when there are no
more characters in the FIFO.

FCR BIT 4-5:
Not used.

FCR BIT 6-7:
These bits are used to set the trigger level for the
receiver FIFO interrupt.

117 | BITs | FIFO trigger leve

0 01
1 04
0 08
1 14