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STARTECH

SEMICONDUCTOR, INC.

President's Message

To our valued customer:

Startech Semiconductor was founded in 1990, with the charter to design, manufacture and market high
performance data communication peripheral products in both the commercial and industrial semiconductor
markets. Since then, Startech continues to follow that charter and enjoys a rapid growth.

Startech’s products are marketed and distributed through a world-class network of representatives and
distributors.

At Startech, we are dedicated to keeping your designs competitive with leading edge solutions. All our
products are low power, high performance, CMOS ICs. Our commitment to you is to provide you with high
quality and reliable ICs.

Ram K. Reddy
President



Introduction

Dear customer,

Startech Semiconductor is proud to present you with our updated 1993 Data Book. Startech’s technical Staff
have worked together to provide you with the most accurate, up-to-date information.

We believe that when you design our products in your systems, you have started a partnership with a com-
pany that is committed to work with the customers and deliver quality products. Startech offers to customize

any of these standard products to meet your special requirements.

If you have any questions or comments, please call us directly.

Startech Semiconductor Technical Staff

la A
Art Khachaturian
Vice President
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STARTECH

'GENERAL DESCRIPTION

The ST49C061 is a monolithic analog CMOS device
designed to generate dual frequency outputs from
seven possible combinations for video Dot clock
frequencies and four memory clock frequencies for
high performance video display systems. The
ST49C061 is a mask option programmable device to
provide different output frequencies for custom appli-
cations. It is designed with 1.2u process to achieve
130 MHz speed for high end frequencies.

The ST49C061 is designed to replace existing video
clocks generated fromindividual oscillators, to reduce
board space and number of oscillators. To provide
high speed and low jitter clock, The ST49C061 utilizes
high speed analog CMOS phase locked loop using
14.318 MHz system clock as reference clock (refer-
ence clock can be changed to generate optional
frequencies from standard programmed device).
The ST49C061 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.

FEATURES

« Can replace multiple oscillators/crystals

o Pin -to-pin compatible to ICS90C61A

« Programmable analog phase locked loop

o High speed (up to 130 MHz output)

o Low power single 5V CMOS technology

¢ 20 pin dip or SOIC package

o Compatible with Western Digital Imaging Video
Graphics Array clock requirements.

_ORDERING INFORMATION

Part number Package Operating temperature
ST49C061CP20-xx Plastic-DIP 0° C to +70° C
ST49C061CF20-xx SOIC 0° C to +70° C
ST49C061CJ20-xx PLCC 0° C to +70° C

REFCLK
FCLKIN
EXCLK
A0

Al

LEN*
VGATTL
FCLKSEL
MAO
GND

SOIC Package

ST49C061

Printed May 17, 1993
PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR
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AGND
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ST49C061

ST49C061

BLOCK DIAGRAM
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AO-A1 VGATTL FCLKSEL EXCLK FCLKIN
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L DIVIDER PROGRAMMABLE
B DIVIDER A
SELECT
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SYMBOL DESCRIPTION

REFCL | 1 | N | | ‘E‘x‘terrv\ai 14318MHz st‘te‘m reﬁérence cluc‘>ck mpuf.

FCLKIN 2* | Feature clock input.

EXCLK 3 | External clock input. For additional clock frequency.

A0 4> | Dot clock Frequency select address 1.

A1 5* | Dot clock Frequency select address 2.

LEN* 6" | Address latch enable input (active low). To latch selected
programmed clock output.

VGATTL I | Control input for DCLK selection.

FCLKSEL 8* | Control input for FCLK selection.

MAO 9* | Memory clock Frequency select address 1.

DGND 10 O Digital ground.

MA1 11* 1 Memory clock Frequency select address 2.

MCLK 12 (o] Programmed memory clock output frequency.

N.C. 13 No connect.

MCLKE 14 | MCLK output enable.

AVCC " 15 | Analog supply voltage. Single +5 volts.

AGND 16 (0] Analog ground.

N.C. 17 No connect.

DCLKE 18* | DCLK output enable.

DCLK 19 (o] Programmed video clock output frequency.

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

* Have internal pull-up resistors on inputs.



ST49C061

ST49C061

GENERAL INFORMATION

The Western Digital Imaging VGA controllers nor-
mally have a status bit that indicates to the VGA
controllerthat it is working with a clock chip. The VGA
controller has capability to change two of its clock
inputs VCLK1 and VCLK2 to outputs when working
with a clock chip. These outputs are used to select the
required video frequency.

The ST49C061 is programmed to generate different
video clock frequencies using the inputs of AO and A1.
The VGATTL selects one of the two preprogrammed
registers to provide four of eight clock frequencies.

The EXCLK and FCLKIN are additional inputs that
may be internally connected to the DCLK output. The
additional inputs are useful for supporting modes that
require frequencies not provided by the ST49C061.

FREQUENCY SELECT CALCULATION

The ST49C061 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
ST49C061 depends on the input frequency and final
output frequency. The formula for calculating the
exact output frequency is as follows:

DCLK = (Reference clock) X (A/B.C)
MCLK = (Reference clock) X (A/B.C)

where A=123,......... 127,
B=1,23,......... 127, and
C=1,2,4

For proper output frequency, the ST49C061 can ac-
cept reference frequency from 5 - 40 MHz and divider
ratio up to 15.

MASK OPTIONS

The following mask options are provided for custom
applications.

* Any frequency can be in any decoding position.
* DCLK, can control selection of the internal frequen-
cies.
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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 £ 5% unless otherwise specified.

V, Input low level 0.8 \

Vi Input high level 2.0 v

Vo Output low level 0.4 \ I, = 8.0mA

Vou Output high level 24 \ loy = 8.0 MA

I Input low current -350 HA

Ly Input high current 1 uA ViN=Vce

lec Operating current 20 30 mA No load.
DCLK=80MHz,
MCLK=40MHz

Ry Input pull-up resistance 15 20 25 KQ




ST49C061

ST49C061

AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_.=5.0 V + 5% unless otherwise specified.

w N -

Rise time
Fall time
Duty cycle
Duty cycle
Jitter

o e

= ‘0 e~
o

AAAAAAAAAAAA

Enable pulse width
Setup time data to enable
Hold time to data enable

Input frequency

Input clock rise time
Input clock fall time
Output frequency change

48/52
48/52
185

0.005

- NS
ns
ns
ns
ns

%

%
ps
MHz
ns
ns
%

0.8V-2.0v
2.0v-0.8Vv

1.4V switch point
Vce/2 switch point
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TIMING DIAGRAM

g
LEN* /
AO-A1

MAO-MA1 /E

EXCLK

MCLK
DCLK

< »i
L) »

T11
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ST49C061

ST49C061

ST49C061
Video FCLKSEL VGATTL A1 A0 Frequency Frequency
clock (MHz) (MHz)
address
(Hex)
0 1 0 0 0 REFCLK REFCLK
1 1 0 1 0 16.256 16.108
2 1 0 0 1 32.000 32.216
3 1 0 1 1 44.900 44.744
0 1 1 0 0 25.175 25.057
1 1 1 1 0 28.322 28.089
2 1 1 0 1 65.000 EXTCLK
3 1 1 1 1 36.000 36.242
X 0 X X X FCLKIN** FCLKIN**
Memory MA1 MAO Frequency Frequency
clock (MHz) (MHz)
address
(Hex)
0 0 0 40.000 41.612
1 0 1 37.500 37.585
2 1 0 36.000 36.242
3 1 1 44.900 44.744
Compatible with ICS-PR1 ICS-PR2
Video Controller WD90C30

** Note: FCLKIN and EXCLK may be programmed to output custom frequencies.



STARTECH

ST49C063

i, ST49C064

Printed May 17, 1993

PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR

 GENERAL DESCRIPTION

The ST49C063/64 is a monolithic analog CMOS
device designed to generate dual frequency outputs
from fifteen possible combinations for video Dot clock
frequencies and eight memory clock frequencies for
high performance video display systems. The
ST49C063/64 is a mask option programmable device
to provide different output frequencies for custom
applications. It is designed with 1.2u process to
achieve 130 MHz speed for high end frequencies.
The ST49C063/64 is designed to replace existing
video clocks generated from individual oscillators, to
reduce board space and number of oscillators. To
provide high speed and low jitter clock, The
ST49C063/64 utilizes high speed analog CMOS
phase locked loop using 14.318 MHz system clock as
reference clock (reference clock can be changed to
generate optional frequencies from standard pro-
grammed device).

The ST49C063/64 can provide optional clock fre-
quencies, 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 three address lines for
memory clock selection.

_FEATURES

o Can replace multiple oscillators/crystals

 Pin -to-pin compatible to ICS90C63/64

* Programmable analog phase locked loop

o High speed (up to 130 MHz output)

o Low power single 5V CMOS technology

¢ 20 pin dip / SOIC / PLCC packages

o Compatible with Western Digital Imaging Video
Graphics Array clock requirements.

| ORDERING INFORMATION
Part number Package Operating temperature
ST49C063CP20-xx Plastic-DIP 0° C to +70° C
ST49C063CF20-xx SOIC 0° C to +70° C
ST49C063CJ20-xx PLCC 0° C to +70° C
ST49C064CP20-xx Plastic-DIP 0° C to +70° C
ST49C064CF20-xx SOIC 0° C to +70° C
ST49C064CJ20-xx PLCC 0° C to +70° C

SOIC Package

ok [1 e 20] ovec
maz [2] 19] ek
EXCLK [3] 18] Douke
a4 oo 7] ne
A0 % i % AGND
= g g 15] Avec
(1] 55 4 wmoke
A [8] 13 ne.
Mao |9 12] Mok
VT 1] ma1

PLCC Package

[18] ocLke
[17] Ne.

ST49C063CJ-20 E AGND

[15] Avee

’Ej MCLKE

ST48C064CJ-20
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ST49C063/64
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B DIVIDER A
VOLTAGE
CONTROLED
PHASE . . DIVIDER N
ioc S OSCILLATOR S outPUTMUX > poLk
DETECTOR VOLTAGE DIVIDER OUTPUTMUX ~ |—» MCLK
CONTROLED
- OSCILLATOR -
DIVIDER PROGRAMMABLE
— s DIVIDER A
sELECT
Loaic
MAO-MA2 LEN® MCLKE
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SYMBOL DESCRIPTION

External 14.318 MHz system reference clock input.

MA2 2" | Memory clock Frequency select address 3.

EXCLK 3* | External clock input. For additional clock frequency.

A1 4* | Dot clock Frequency select address 2.

A0 5* | Dot clock Frequency select address 1.

LEN* 6* | Address latch enable input (active low). To latch selected

programmed clock output.

A2 ™ | Dot clock Frequency select address 3.

A3 8* | Dot clock Frequency select address 4.

MAO 9* | Memory clock Frequency select address 1.

DGND 10 (o] Digital ground.

MA1 11~ | Memory clock Frequency select address 2.

MCLK 12 O Programmed memory clock output frequency.

N.C. 13 No connect.

MCLKE 14* I MCLK output enable.

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

AGND 16 (o) Analog ground.

N.C. 17 No connect.

DCLKE 18* | DCLK output enable.

DCLK 19 O Programmed video clock output frequency.

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

* Have internal pull-up resistors on inputs
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ST49C063/64

GENERAL INFORMATION

The ST49C063/64 is programmed to generate 15
different video clock frequencies using the A0-A3
inputs and 8 different memory frequencies using M0-
M2 inputs. The address lines A2-A3 can be connected
to video controller like Western Digital Imaging VGA
controllers. Address lines A0 and A1 are latched with
LEN* pin which is generated from video controllers to
select proper Dot clock output. All inputs to the
ST49C063/64 contain internal pull-up resistors in-
cluding CLK and EXCLK inputs.

The EXCLK is additional input that may be internally
connected to the DCLK output. The additional input is
useful for supporting modes that require frequencies
not provided by the ST49C063/64.

FREQUENCY SELECT CALCULATION

The ST49C063/64 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
ST49C063/64 depends on the input frequency and
final output frequency. The formula for calculating the
exact output frequency is as follows:

DCLK = (Reference clock) X (A/B.C)
MCLK = (Reference clock) X (A/B.C)

where A=1,23,..... 127,
B=123,........ 127, and
C=1,24

For proper output frequency, the ST49C063/64 can
accept reference frequency from 5 - 40 MHz and
divider ratio up to 15.

MASK OPTIONS

The following mask options are provided for custom
applications.

* Any frequency can be in any decoding position.
* DCLK, can control selection of the internal frequen-
cies.



ST49C063/64

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,=25° C, V_.=5.0 V £ 5% unless otherwise specified.

\'A Input low level 0.8 \

Vi, Input high level 2.0 \

Vo, Output low level 0.4 \ lo, = 8.0mMA

Vou Output high level 24 \" low = 8.0 MA

I, Input low current -350 HA

L Input high current 1 KA ViN=Vee

loc Operating current 20 30 mA No load.

DCLK=80MHz,

. MCLK=40MHz

R, Internal pull-up resistance 15 20 25 kQ
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ST49C063/64

ST49C063/64

AC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0 V = 5% unless otherwise specified.

symbol
T, Enable pulse width 20 ns
T, Setup time data to enable 20 ns
T, Hold time to data enable 10 ns
T, Rise time 1 1.5 ns 0.8V-2.0V
T, Fall time 1 1.5 ns 2.0V-0.8v
Ts Duty cycle 40 | 48/52| 60 % 1.4V switch point
T Duty cycle 45 | 48/52 | 55 % Vce/2 switch point
T, Jitter 185 | +100 ps
T, Input frequency 14.318 32 MHz
T, Input clock rise time 20 ns
Ty Input clock fall time 20 ns
T, Output frequency change 0.005 %
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TIMING DIAGRAM
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ST49C063/64

Video A3 A2 A1l AO Frequency Frequency
clock (MHz2) (MHz)
address
(Hex)
0 0 0 0 0 30.000 30.000
1 0 0 0 1 77.250 77.250
2 0 0 1 0 EXCLK EXCLK
3 0 0 1 1 80.000 80.000
4 0 1 0 0 31.500 31.500
5 0 1 0 1 36.000 36.000
6 0 1 1 0 75.000 75.000
7 0 1 1 1 50.000 50.000
8 1 0 0 0 40.000 40.000
9 1 0 0 1 50.000 50.000
A 1 0 1 0 32.000 32.000
B 1 0 1 1 44.900 44.900
C 1 1 0 0 25.175 25175
D 1 1 0 1 28.322 28.322
E 1 1 1 0 65.000 65.000
F 1 1 1 1 36.000 36.000
Memory MA2 MA1 MAO Frequency Frequency
clock (MHz) (MHz)
address
(Hex)
0 0 0 0 33.000 33.000
1 0 0 1 50.000 49.218
2 0 1 0 60.000 60.000
3 0 1 1 30.500 30.500
4 1 0 0 40.000 41.612
5 1 0 1 37.500 37.500
6 1 1 0 36.000 36.000
7 1 1 1 44.900 44.296
Compatible with ICS-90C63 ICS-90C64
Video Controller WD90C30 WD90C30




ST49C103
STARTECH ST49C104

Printed May 17, 1993

PREPROGRAMMED FREQUENCY GENERATOR

DESCRIPTON SOIC Package
The ST49C103 and ST49C104 are mask program-

mable monolithic analog CMOS devices designed to 7

generate up to 8 single frequency outputs from a a1 14 a0
single input clock. The ST49C104 will provide eight A2 E E LF
different output frequencies and the ST49C103 will LEN E ht El AVCC
provide four different output frequencies. They are §

designed ina 1.2y process to achieve 130 MHz speed AGND  [4] g [1] ovee
for high end frequencies. DGND E § Ej CLKO
The ST49C103 and ST49C104 are designed to re- XTAL1 E @ E\ clk2
place existing video clocks generated from individual

oscillatorsin order to reduce board space and number xTaz (7] 8] o

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 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
programmable to be active high, active low or rising or Plastic-DIP package
falling edge sensitive.

— S At [1] N 4 a0

FEATORES @ B @
« Can replace up to 8 oscillators/crystals and a Lten [3] 5 2] avee
multiplexer AcND  [4] g E pvee
e Pin-to-pin compatible to Avasem AV9103/104 3
« Programmable analog phase locked loop oenp [s| 5 0] cwo
« Low power single 5V CMOS technology XTAL1 [ o] cike
* 8 or 14 pin DIP or SOIC package. xtaz [7] 8] cux
| ORDERING INFORMATION
Part number Package Operating temperature
ST49C103CP8 Plastic-DIP 0° C to +70° C
ST49C103CF8 SOIC 0° C to +70°
ST49C104CP8 Plastic-DIP 0° C to +70°
ST49C104CF8 SOIC 0° C to +70°

ST49C104CP14 Plastic-DIP 0°C to +70°
ST49C104CF14 SOIC 0° C to +70°

[eNeNeoNeNel
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ST49C103/104

BLOCK DIAGRAM
]
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A
SELECT
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z
8 38
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ST49C103/104

SYMBOL DESCRIPTION (ST49C104 14 pin package)

_Symbol | Pin | signalType | _ PinDescription

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 o Analog ground.

DGND 5 (o} 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 (o] Crystal output.

CLK1 8 | External clock 1 input.

CLK2 9 | External clock 2 input / output select.

CLKO 10 (@) Programmed output clock.

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

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

LF 13 (o) Loop filter.

AO 14 | Frequency select address input 1.

y0L/€0L06V1S

* Have internal pull-up resistors on inputs.
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ST49C103/104

SYMBOL DESCRIPTION (ST49C104 8 pin package)

A1l 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 o Programmed output clock.
VCC 6 | Digital supply voltage. Single +5 volts.
LF 7 (0] Loop filter.
A0 8 1 Frequency select address input 1.
* Has internal pull-up resistor on input
A1 E ? (8] 4o
A2 IZ g 7] F
oD [3] g 6] vee
EXCLK  [4] % 5] cxo
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SYMBOL DESCRIPTION (ST49C103 8pin package)

A1 l Frequency select address input 2.

GND (o) Digital ground.

XTAL1 | 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 (o] Crystal output.

CLKO (o] Programmed output clock.

vCcC | Digital supply voltage. Single +5 volts.

LF (o] Loop filter.

A0 | Frequency select address input 1.

AN
At [1] " 18] Ao
oo 2] 8 [7] wF
XTAL1 3 § 6| VvCC
E § o
xtaz [4] @ E] CcLKo
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ST49C103/104

LOOP FILTER
The loop filter must be connected as follows for proper
operation.

e

LF _W——‘l_

== Cc1 c2
8. tuF 8. 81uF
AVCC
—— ) :
AVCC

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.C)

where A=1,23,......... 127
B=8, 16, 32 64
C=1,24,8

For proper output frequency, the ST49C104 can ac-
cept a reference frequency from 5 - 40 MHz and
divider ratio up to 15.

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.

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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_Addresslatch(LEN) |  sState

ST49C104-1 Transparent for LEN high

ST49C104-2 Transparent for LEN low

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 mW

DC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0 V + 5% unless otherwise specified.

Symbol |  Parameter | Lmits | units | conditions

vV, Input low level 0.8 \"

Vi Input high level 2.0 \"

Vo Output low level 0.4 v lo,=8.0mA

Vou Output high level 24 v low = 8.0 mA

I, Input low current -350 pHA !Except crystal
input

L Input high current 1 pA V|N=Vee

lec Operating current 20 30 mA No load.
DCLK=80MHz

Ry Input pull-up resistance 15 20 25 KQ
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ST49C103/104

AC ELECTRICAL CHARACTERISTICS

T,=25° C, V,.=5.0 V + 5% unless otherwise specified.

T, Enable pulse width 20 ns

T, Setup time data to enable 20 ns

T, Hold time to data enable 10 ns

T, Rise time 1 1.5 ns 0.8v-2.0v

T, Fall time 1 1.5 ns 2.0vV-0.8Vv

T, Duty cycle 40 | 48/52 | 60 % 1.4V switch point
Te Duty cycle 45 | 48/52 | 55 % Vce/2 switch point
T, Jitter 85 | +100 ps

T, Input frequency 14.318 32 MHz

T, Input clock rise time 20 ns

T Input clock fall time 20 ns

T, Output frequency change 0.005 %
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TIMING DIAGRAM S

LEN

T2 e T3

AO-A2

CLOCKIN

cLOCK

out , |

> T5 T
T6 T6

T
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ST49C103/104

Xtal Xtal
16.257 16.331
Clk2 Clk2
32.514 32.663
25.175 25.056
28.322 28.412
24.000 23.938
40.000 39.822

~aaaso0co0o00}
_L—\OO—\—LOQ‘
_\O—lo—lOAO:

39.0000
25.000
30.750
26.250
32.000
25.250
31.250
37.500

50.00
1.00
N/A
N/A
N/A
N/A

0 0 0 |25500 25.500
0 0 1 |16.500 16.500
0 1 0 |20.750 20.750
0 1 1 |22500 22.500
1 0 0 |24.500 24.500
1 0 1 |19.500 19.500
11 0 |15.000 15.000
11 1 | 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

Printed May 17, 1993

PREPROGRAMMED FREQUENCY GENERATOR

SOIC Package

The ST49C106 is a mask programmable monolithic

provide high speed and lowjitter clock, the parts utilize
a high speed analog CMOS phase locked loop using
14.318 MHz system clock as the reference clock (note XTAL2
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

XTAL1 HALT

analog CMOS device designed to generate up to 8 N
single frequency outputs from a single input clock. M [1] 14 o
The ST49C106 is designed in a 1.2u process to A2 E E NC.
achieve 130 MHz speed for high end frequencies. LEN E b4 ‘__"j AVCC
The ST49C106 is designed to replace existing video g
clocks generated from individual oscillators in order AoND  [4] e |1 owo
to reduce board space and number of oscillators. To DGND E g E CLKO
[¢] o]
[ e

SEL

starts the output clock.
Plastic-DIP package
A 1] - 4] Ao
r2 2] 3] Ne.
LeN [3] X 12 Avec
e Can replace up to 8 oscillators/crystals and a acND [4] g ] ovee
multiplexer §
« Pin-to-pin compatible to Avasem AV9106-14 oeNo [5] o 0] ctro
« Programmable analog phase locked loop xTAL1 6] 9] HaLT
¢ Low power single 5V CMOS technology XTAL2 ’z _?_I SEL
¢ 14 pin DIP or SOIC package.

Part number Package Operating temperature
ST49C106CP14 Plastic-DIP 0°C to +70° C
ST49C106CF14 Slel[e3 0° C to +70° C
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BLOCK DIAGRAM
DIVIDER
PHASE VOLTAGE OUTPUT MUX L,
DETECTOR CONTROLLED c co
OSCILLATOR
'Y
DIVIDER PROGRAMMABLE
B DIVIDER A
SELECT
LoGIC
XTAL1
OSCILLATOR
XTAL2 +—] T I
£ S
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SYMBOL DESCRIPTION
_symbol |  Pin | signalType | _ PinDescription
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 ground.
DGND 5 (o) 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.
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 o Programmed output clock.
Dbvcc 11 | Digital supply voltage. Single +5 volts.
AVCC 12 | Analog supply voltage. Single +5 volts.
A0 14 | Frequency select address input 1.

* Have internal pull-up resistors on inputs.
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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
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=25° C, V=5.0 V £ 5% unless otherwise specified.

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.C)

where A=123,....... 127
B=8, 16, 32 ,64
C=1,2,4,8

For proper output frequency, the ST49C106 can ac-
cept a reference frequency from 5 - 40 MHz and
divider ratio up to 15.

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

500 mw

\'A Input low level

V,, Input high level

Vo Output low level

Vou Output high level

I Input low current

hy Input high current

lec Operating current

R, Input pull-up resistance

0.8 \'
2.0 \
0.4 \ I, = 8.0mA
24 \' loy = 8.0 MA
-350 pA Except crystal
input
1 pA VIN=Vce
20 30 mA No load.
DCLK=80MHz
15 20 25 KQ
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V .=5.0 V + 5% unless otherwise specified.

T, Enable pulse width 20 ns

T, Setup time data to enable 20 ns

T, Hold time to data enable 10 ns

T, Rise time 1 1.5 ns 0.8V -2.0V

Ts Fall time 1 1.5 ns 2.0V-0.8v

Ts Duty cycle 40 | 48/52 | 60 % 1.4V switch point
T, Duty cycle 45 | 48/52 | 55 % Vcc/2 switch point
T, Jitter 185 | £100 ps

T, Input frequency 14.318 32 MHz

T, Input clock rise time 20 ns

Ty Input clock fall time 20 ns

T, Output frequency change 0.005 %

0 0 0 |39.000 39.000
0 0 1 |25000 25.000
0 1 0 |30.750 30.750
0 1 1 |26.250 26.250
1 0 0 |32.000 32000
1 0 1 |25.250 25.250
11 0 ]31.250 31.250
1 1 1 |37.500 37.500
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TIMING DIAGRAM

LEN

AO0-A2

CLKO

SEL

HALT

CLKO

T2 >

T6

y

7Y

T
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STARTECH

PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR

The ST49C155 is a monolithic analog CMOS device
designed to generate eight simultaneous clock out-
puts for mother board applications. It is designed in a
1.2m process to achieve 130 MHz operation with low
clock jitter.

The ST49C155 may be used to replace existing BUS
and I/O clocks generated from individual oscillators so
that board space and number of oscillators are
reduced. The high speed analog CMOS phase locked
loops use the 14.318 MHz system clock or external
crystal connected between XTAL1 and XTAL2 as the
reference clock (reference clock can be changed to
generate non-standard frequencies from the standard
programmed device).

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.

« Can replace multiple oscillators/crystals

¢ Pin -to-pin compatible to AV9155

o Compatible with 286, 386, and 486 CPUs

o Supports Turbo modes

o Generates communications clock, keyboard
clock, floppy disk clock, system reference clock,
bus clock and CPU clock

o Skew controlled 2X and 1X clocks

« Programmable analog phase locked loop

o High speed (up to 130 MHz output)

¢ Low power single 5V CMOS technology

¢ 20 pin dip or SOIC package

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

CLK1

XTAL2
XTAL1
pvcc

CLK3
CLK4

AGND

CLK1
XTAL2
XTAL1
pvcec
DGND
CLK2
CLK3
CLK4
AGND

ST49C155

Printed May, 1993

SOIC Package
67
B W
5.
5 §
BT
O E
s B
fo i
SOIC Package
-/

BonEnnnininE

ST49C155CF20-03

CIRIEIEEEIEE]=]E]

A1l
1XCLK
2XCLK
AvCC

A0
A1

1XCLK
AvCC
AGND
CLK6
CLK5
PD*




| ST49C155

n
0
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O
(2]
<
-
[72]
A0-A3
XTAL1 ——p
OSCILLATOR SELECT
XTAL2 +—o] LoGIC —————j
COUNTER X COUNTER V
DIVIDE
Divice DIVIDE BY 17 -
VOLTAGE
*1  conTROLED
PHASE
o OSCILLATOR
\ VOLTAGE il
| CONTROLED
PHASE R —  2xclk
} DETECTOR osciLLATOR ¢ | SEm— OUTPUT DIVIDER
‘ L »  1xcLk
CLK5
PD*

OUTPUT DIVIDER

L———» CLK1

t——————>» CLK4
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SYMBOL DESCRIPTION ( ST49C155-01/ -02)

| VO 1.8452 MHz cloc‘;k output.
(o] Crystal output.
XTAL1 3 | Crystal or External clock input.
pvccC 4 | Digital supply voltage. Single +5 volts.
DGND 5 (o) Digital signal ground.
CLK2 6 (0] 16 MHz (ST49C155-01) or 32 MHz ( ST49C155-02) clock
output.
CLK3 7 o 24 MHz floppy disk clock output.
CLK4 8 (0] 12 MHz keyboard clock output.
AGND 9 (o) Analog ground.
OE 10* (0] Output Enable (active high). Low on this pin sets all the
outputs to three state mode.
A2 11 | CPU clock frequency select address 2.
PD* 12* | Power down ( active low ). Shuts off entire chip when low.
CLKS 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 l 2X CPU clock output.
1XCLK 18 | 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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SYMBOL DESCRIPTION ( ST49C155-03)

CLK1
XTAL2
XTAL1
DvCC
DGND
CLK2
CLK3
CLK4
AGND

OE

A3
PD*
CLK5
CLK6
AGND
AVCC
1XCLK
A2

A1

AO

10*

11
12*
13
14
15
16
17
-18
19

20

O O O O O o©o

O O O

6 MHz clock output.

Crystal output.

Crystal or External clock input.

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

24 MHz floppy disk clock output.

16 MHz bus clock output.

8 MHz keyboard clock output.

Analog ground.

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

CPU clock frequency select address 3.

Power down ( active low ). Shuts off entire chip when low.
14.318 MHz reference clock output.

14.318 MHz reference clock output.

Analog signal ground.

Analog supply voltage. Single +5 volts.

CPU clock output.

CPU clock frequency select address 2.

CPU clock frequency select address 1.

CPU clock frequency select address 0.

*Have internal pull-up resistor on inputs
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CPUCLOCKTABLE FOR ST49C155-01,-02 (using PERIPHERAL CLOCK TABLE CHART FOR
14.318 MHz input. All frequencies in MHz). S$T49C155-01 (MHz)
00O 8 4 1.8432 16 24 12
001 16 8
010 32 16
011 40 20 PERIPHERAL CLOCK TABLE CHART FOR
100 50 25 S$T49C155-02 (MHz)
101 66.66 33.33
110 80 40
111 100 50

1.8432

CPU CLOCK TABLE FOR ST49C155-03(using
14.318 MHz input. All frequencies in MHz).
PERIPHERAL CLOCK TABLE CHART FOR

‘ $T49C155-03 (MHz)
0000 16
0001 40
0010 50
0011 80
0100 66.66
0101 100
0110 8
0111 4
1000 8
1001 20
1010 25
1011 40
1100 33.33
1101 50
1110 4
1111 2
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ACTUAL OUTPUT FREQUENCIES

CPUCLOCKTABLE FOR ST49C155-01,-02 (using
14.318 MHz input. All frequencies in MHz).

000 7.5 3.75
00 1 15.51 7.76
010 32.22 16.11
011 40.09 20.05
100 50.11 25.06
101 66.82 33.41
110 80.18 40.09
111 100.23 50.11

CPU CLOCK TABLE FOR ST49C155-03(using
14.318 MHz input. All frequencies in MHz).

A3A2,
0000 15.51
0001 40.09
0010 50.11
0011 80.18
0100 66.82
0101 100.23
0110 7.58
0111 4.30
1000 7.76
100 1 20.05
1010 25.06
1011 40.09
1100 33.41
1101 50.11
1110 3.79
1111 215

PERIPHERAL CLOCK TABLE CHART FOR
S$T49C155-01 (MHz)

1.8432 16 23.71 11.86

PERIPHERAL CLOCK TABLE CHART FOR
S§T49C155-02 (MHz)

1.8432 | 32.01 24 12

PERIPHERAL CLOCK TABLE CHART FOR
ST49C155-03 (MHz)

6 16 24 8

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.
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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,=25° C, V_=5.0 V + 5% unless otherwise specified.

\'A Input low level 0.8 v
vV, Inputhigh level 20 \"
Vo Output low level 0.4 \Y lo,=8.0mA
Vou Output high level 24 \" loy=8.0mA
I, Input low current -1 mA Except pins 2, 10,
12
Input high current 1 mA | V|y=Vce
lc Operating current 20 30 mA No load.
Ry Internal pull-up resistance 680 KQ Pins10,12
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0 V 5% unless otherwise specified.

Symbol
T, Rise time 1 1.5 ns 0.8V -2.0V
T, Fall time 1 1.5 ns 2.0V-0.8V
Ts Duty cycle 40 | 48/52 | 60 % 1.4V switch point
Ts Duty cycle 40 | 48/52 | 55 % Vcc/2 switch point
T, Jitter 185 | 100 ps
T, Input frequency 14.318 MHz
T, Input clock rise time 20 ns
T Input clock fall time 20 ns
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TIMING DIAGRAM

AO0-A3 /

EXTERNAL
CLOCK

CLK1
CLK2
CLK3
CLK4
1XCLK
2XCLK

1€
L

T6

X
y

T11

CLK5
CLK6

>l e T5 T4 >l i
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ST49C214

Printed May 17, 1993
PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR

SOIC Package

The ST49C214 is a monolithic analog CMOS device ~
designed to generate dual frequency outputs from XAt [1] 20 ovec
sixteen possible combinations for video Dot clock xTa2 (2] 1:9] DCLK
frequencies and four memory clock frequencies for EXCLK E 8 Bow
high performance video display systems. The
ST49C214 is a mask option programmable device to o [4 F h7] e
provide different output frequencies for custom ap- A1 E s [s] GND
plications. It is designed with 1.2u process to achieve LEN E a E Avee
130 MHz speed for high end frequencies. g
The ST49C214 is designed to replace existing video A2 E % El GND
clocks generated from individual oscillators, to reduce A3 E 1?3_‘ pvee
board space and number of oscillators. To provide T l—z_l MCLK
high speed and low jitter clock, The ST49C214 utilizes
high speed analog CMOS phase locked loop using GND E MA1
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 Plastic-DIP Package
Dot clock selection and two address lines for memory
clock selection. 7

XTAL1 E pvee
e ; XTAL2 DCLK
FEATURES === =
e e EXCLK BCLK
o Can replace multiple oscillators/crystals A0 GND
o Pin -to-pin compatible to ICS2494 Al

e Programmable analog phase locked loop

ST49C214CP20-XX
SRIEREIEIEIRIERIE]
9
r4
o

« High speed (up to 130 MHz output) LEN Avee

* Low power single 5V CMOS technology A2 GND

« 20 pin dip or SOIC package A3 pvee
MAO MCLK
GND MA1

[Ellel =< == =]

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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ST49C214

BOLK LEN AO-A3 EXCLK
XTAL1 —»
OSCILLATOR SELECT
XTAL2 +—| LoGic
Y
DIVIDER PROGRAMMABLE
B DIVIDER A
VOLTAGE
CONTROLED
PHASE .- DIVIDER —
DETECTOR OSCILLATOR c OUTPUT MUX +  DCLK
DEEI"-I‘ECTOR VOLTAGE ' D'V::DE” QUTPUT MUX | » MCLK
CONTROLED
- OSCILLATOR -
DIVIDER PROGRAMMABLE
B DIVIDER A
SELECT
LoGic
MAO, MA1
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SYMBOL 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 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.

XTAL2 2 (0] Crystal output.

EXCLK 3* | External clock input.

A0 4* I Dot clock Frequency select address 1.

A1 5* | Dot clock Frequency select address 2.

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

A2 7™ | Dot clock Frequency select address 3.

A3 8* I Dot clock Frequency select address 4.

MAO 9* | Memory clock Frequency select address 1.

GND 10 (e} Digital and Analog ground.

MA1 11* | Memory clock Frequency select address 2.

MCLK 12 (o) Programmed memory clock output frequency.

pvcc 13 1 Digital supply voltage. Single +5 volts.

GND 14 (o) Digital and Analog ground.

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

GND 16 (0] Digital and Analog ground.

GND 17 (@) Digital and Analog ground.

BCLK 18* (e} Buffered crystal clock output frequency.

DCLK 19 (0] Programmed video clock output frequency.

DbvcC 20 1 Digital supply voltage. Single +5 volts.

* Have internal pull-up resistor on inputs.
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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.C)
where A=123,........ 127,

B=1,23,......... 127, AND
C=1,2,4

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 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 £ 5% unless otherwise specified.

vV, Input low level 0.8 \

Vi Input high level 2.0 \

Vo Output low level 0.4 \ I, =8.0mA

Vou Output high level 24 \ lo, = 8.0 MA

I Input low current -350 pA Except crystal
input

Ly Input high current 1 HA ViN=Vce

lec Operating current 20 30 mA No load.
DCLK=80MHz,
MCLK=40MHz

Ry Internal pull-up resistance 15 20 25 KQ
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V=5.0 V £ 5% unless otherwise specified.

Symbol |  Parameter =
T, Enable pulse width 20
T, Setup time data to enable 20
T, Hold time to data enable 10
T, Rise time
T, Fall time
T, Duty cycle 40
T, Duty cycle 45
T, Jitter
T, Input frequency 14.318
T, Input clock rise time
Ty Input clock fall time
T, Output frequency change

48/52
48/52

185

0.005

ps

MHz
ns
ns
%

0.8V -2.0V
2.0v-0.8V

1.4V switch point
Vce/2 switch point
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TIMING DIAGRAM
g :
LEN '
T2 > T3 >
AO-A3
MAO-MA1

EXCLK
MCLK
DCLK
6
T11
BCLK
> - T10 TO —»i e
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ST49C214

ST49C214- Frequency generator programming information
2. Please fill in the nominal frequencies required.
3. Crystal or input clock frequency

UGGy rYE Yoo o No oo No N o)

AN 0000220000
LD, 0O 0D, 00,00~~~ 00

- 0 ~,~r0,r0~~r0~~r0—~~r0-~0-=0

a0 -=0
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Video clock

address Frequency Frequency Frequency Frequency Frequency

(Hex) (MHz) (MHz) (MHz) (MHz) (MHz)

0 XTAL 30.000 25175 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 25175 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 25175 54.000 25175

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 25175 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 44744

3 49.100 44773 50.000 66.667 50.000
Compatible with  1CS-236 1CS-242 ICs-231 1CS-244 ICSs-237
Video Controller ~ GD6410 WD90C30 ET4000 ET4000
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ST49C214

. ST49C214-6 | ST49C214-8 | ST49C214-9 | ST49C214-10 | ST49C214-16
Video clock snsnnd i e S R R e e e

address Frequency Frequency Frequency Frequency Frequency

(Hex) (MHz) (MHz) (MHz) (MHz) (MH2)

0 25175 25175 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 25175 25.175

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 25175 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

C 60.000 50.000 110.00 63.000 25.175

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) (MH2)

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 1CS-256 1CS-266 1ICS-247
Video Controller NCR77C22E HT216 $3/86C911 GDS5410 GDS5320
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Video clock
address Frequency Frequency Frequency Frequency Frequency
(Hex) (MHz) (MHz) (MHz) (MHz) (MHz)
0 25175 25.175 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 §7.272 44.889 44889 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
Cc 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
Video Controller T1/34010/20 S3/801/805 S3/924 WEITEK $3/801/805
w5186

*=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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ST49C394

Printed May 17, 1993
PREPROGRAMMED VIDEO DOT CLOCK FREQUENCY GENERATOR

SOIC Package

The ST49C394 is a monolithic analog CMOS device

designed to generate dot clock frequency outputs A3 E{ / @ A2
from thirty two possible combinations in high perfor-

mance video display systems. The ST49C394 is a LEN E 1—_9] A1
mask programmable device that allows complete vee E T_a| A0
flexibility in frequency choice. It is designed ina 1.2p AMICLKY E % E] AGND
process to achieve 135MHz speed for high end cus- g

tom applications. xTAL1 |5 6] ne
The ST49C394 is designed to replace existing video XTAL2 E g E NC
clocks generated from individual oscillators in order to

reduce board space and number of oscillators. To cue [7] 5 4 we
provide high speed and low jitter, the ST49C394 onD 8] 13 e
utilizes a high speed analog CMOS phase locked loop ko [9] 2 Avee
that uses either the system clock or a crystal for its

reference. ne [0 1 ne

The programmed clock outputs are selectable via
four address lines and an address latch enable pin.

Plastic-DIP Package

LN [2] 9] A1
« Can replace multiple crystals or oscillators vee E El 20
¢ Pin -to-pin compatible to ICS1394
« Programmable analog phase locked loop A4/CLK1 E X E AGND
« High speed (up to 135 MHz output) xTAL1 [5] 6] N
o Low power single 5V CMOS technology XTAL2 E El NG
¢ 20 pin DIP or SOIC package 2
cke (7] B E NIC
oD (8] 13 e
cko |9 12] Avce
ne [0 m] ne

Part number Package Operating temperature
ST49C394CP20-xx Plastic-DIP 0° C to +70° C
ST49C394CF20-xx SOIC 0° C to +70° C

ST49C394CJ20-xx PLCC 0° C to +70° C
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ST49C394

BLOCK DIAGRAM
INPUT
A0-A3 LATCH COUNTER
A4ICLK1 / > ROM
DECODER f¢—
t CLK1
POWER cLOCK vco OIbER [ cwe
ON DIVIDER DIVIDER s
RESET B) ‘—b A) MUX@©C) F— CLKO
h
LEN T
XTALT —¥ VOLTAGE
OSILLATOR PHASE CHARGE »] CONTROLLED
XTAL2 <«——] CIRCUIT COMPARATOR PUMP OSCILLATOR

i

gl
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SYMBOL DESCRIPTION

XTAL1 5 | 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 6 (o] Crystal output.

CLK2 7 | External clock input 2.

A0 18 | Frequency select address 1.

Al 19 | Frequency select address 2.

LEN 2 | Address latch enable input (active high). May be disabled
via internal option mask.

A2 20 | Frequency select address 3.

A3 1 | Frequency select address 4.

A4/CLK1 4 | Frequency select address 5 or external clock input 1..

GND 8 (@) Digital ground.

CLKO 9 O Programmed clock output.

vceC 3 | Digital supply voltage. Single +5 volts.

AGND 17 (o] Analog ground.

AVCC 12 | Analog supply voltage. Single +5 volts.
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ST49C394

FUNCTIONAL DESCRIPTION

The ST49C394 is designed to output one of the 16 or
32 possible mask preprogrammable frequencies.
For one of 16 output selections, address lines A0-A3
and LEN (latch enable) are used and the selected
address (A0-A3)is latched on the falling edge of LEN.
For one of 32 output selections, address lines A0-A4
and LEN are used. The unused A4 address line inthe
one of 16 mode can be used (mask programmed ) as
an external clock input. The ST49C394 is designed to
work with the existing 1ICS1394 footprint without
modifing the art-work and components. The
ST49C394 does not utilize pins11, 13, 14, 15, and 16
as these functions are implemented internally to
reduce the external component count and noise prob-
lems.

POWER ON RESET

An internal power on reset is provided to set the
latched address to “0000".

FREQUENCY SELECT CALCULATION

The ST49C394 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
ST49C394 depends on the input frequency and final
output frequency. The formula for calculating the
exact output frequency is as follows:

CLKO=(Reference clock) X (A/BxC)

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

For proper operation, the ST49C394 can accept refer-
ence frequencies from 5 - 40 MHz and divider ratios
up to 15.

MASK OPTIONS

The following mask options are provided for custom
applications.

* Address is latched utilizing the LEN pin.

* Transparent address input.

* CLK1 can be preprogrammed as external clock
input.

* Selectable/Programmable clock frequencies.
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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 5% unless otherwise specified.

vV, Input low level 0.8 \"

Vi, Input high level 2.0 \'

Vo, Output low level 0.4 v l,,=8.0mA

Vou Output high level 24 \' loy = 8.0 mMA

I, Input low current -350 HA Except crystal
input

L Input high current 1 HA V|N=Vce

lec Operating current 20 30 mA No load.
DCLK=80MHz
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ST49C394

AC ELECTRICAL CHARACTERISTICS

T,=25° C, V.=5.0 V 5% unless otherwise specified.

T, Enable pulse width 20 ns

T, Setup time address to enable 20 ns

T, Hold time to address enable 10 ns

T, Rise time 1 1.5 ns 0.8v-2.0V

T, Fall time 1 1.5 ns 2.0vV-0.8V

Ts Duty cycle 40 | 48/52 | 60 % 1.4V switch point
Te Duty cycle 45 |48/52 | 55 % Vee/2 switch point
T, Jitter 85 | £100 ps

T, Input frequency 5 40 MHz

T, Input clock rise time ; 20 ns

T Input clock fall time 20 ns

T, Output frequency change 0.005 %
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ST49C394-20 | ST49C394-24 | ST49C394-30 | ST49C394-82
Video clock :
address Frequency Frequency Frequency Frequency

(Hex) (MHz) (MH2) (MHz) (MHz)
0 25.175 25.175 14.318 25.175
1 28.322 28.322 16.257 28.322
2 40.000 32.514 FREQO 32.514
3 32.500 36.000 32.514 36.000
4 50.350 40.000 25.175 40.000
5 65.000 44,900 28.322 44.900
6 38.000 65.000 24.000 50.350
7 44,900 84.000 40.000 65.000
8 25.175 25.175 14.318 50.350
9 28.322 28.322 16.257 56.644
A 80.000 40.000 FREQO 65.028
B 32.500 44,900 36.000 72.000
(o} 50.350 32.514 25.175 80.000
D 65.000 28.322 28.322 89.800
E 76.000 36.000 24.000 100.00
F 44,900 65.000 40.000 65.000
10 25.175 25175 14.318 50.350
1 44,900 28.322 65.028 56.644
12 28.322 32.514 FREQO 65.028
13 38.000 36.000 36.000 72.000
14 40.000 40.000 25.175 80.000
15 46.000 44,900 28.322 89.800
16 48.000 56.000 24.000 100.00
17 60.000 65.000 40.000 75.000
18 65.000 25.175 44.900 25.175
19 72.000 28.322 50.344 28.322
1A 74.000 32.514 16.257 100.00
1B 76.000 40.000 32.514 36.000
iC 78.000 44.900 56.644 40.000
1D 80.000 60.000 20.000 44,900
1E 100.00 80.000 50.000 50.350
1F 110.00 84.000 80.000 75.000
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ST49C394

TIMING DIAGRAM

LEN

AO-A4

CLK1,
CLK2

CLKO

T2 >

T6
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STARTECH ST49C694

Printed May, 1993
PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR

SOIC Package
The ST49C694 is a monolithic analog CMOS device
designed to generate ten simultaneous clock outputs )
for mother board applications. It is designed ina 1.2m cwz 1] 2] cues
process to achieve 130 MHz operation with low clock okt [2] 23] cLka
jitter. cwo  [3] 22] cuks
The ST49C694 may be used to replace existing BUS ke E <« 2] cwe
and |/0 clocks generated from individual oscillators so N
that board space and number of oscillators are crvok 5] Q 2] cuw
reduced. The high speed analog CMOS phase locked DGND E § l1s] ciks
loops use the 14.318 MHz system clock or an external pvce E ] T_E] Avce
crystal connected between XTAL1 and XTAL2 as the v 3] o 1] xra
reference clock (reference clock can be changed to
generate non-standard frequencies from the standard w0 [o] e xraus
programmed device). At o] 5] AcnD
The ST49C694 is metal mask programmable to pro- A2 E E] oE*
vide any custom set of CPUCLK frequencies. The w12 e excux
programmed clock outputs are selectable via four

address lines and address latch enable pin for
CPUCLK output.

Plastic-Dip Package

o Can replace multiple oscillators/crystals
¢ Pin -to-pin compatible to ICS2694

« Compatible with 286, 386, and 486 CPUs L2 E - 2] ok
e Supports Turbo modes ok [2] B o
o Generates communications clock, keyboard
clock, floppy disk clock, system reference clock, oo [3] 2] o
bus clock and CPU clock cwo 4] N [21] cuxe
o Programmable analog phase locked loop cructk  [5] Q 0] cLkz
» High speed (up to 130 MHz output) DEND E 3 E ks
o Low power single 5V CMOS technology ovee [7] 1] T avec
® 24 pin dip, SOIC or PLCC package hl
Ltens [s] » El XTAL2
A0 E E' XTAL1
At [io] 5] acND
A2 1) 4] oe
A 12 3] Excik
Part number Package Operating temperature
ST49C694CP24-xx Plastic-DIP 0° C to +70° C
ST49C694CF24-xx SOIC 0° C to +70° C

ST49C694CJ24-xx PLCC 0° C to +70° C
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ST49C694

BLOCK DIAGRAM

EXCLK —‘1

XTAL1 —p

XTAL2 <«—

LEN* A0-A3
OSCILLATOR SELECT
LOGIC ———l
A
COUNTER X COUNTER V
DIVIDE
BY 17 DIVIDE BY 114 -
VOLTAGE
CONTROLED
PHASE
DETECTOR OSCILLATOR
VOLTAGE l
T -
DETECTOR OUTPUT DIVIDER
—>
OUTPUT DIVIDER
—
—_—
—_—
L 5
L 5
- 5
OE*

CPUCLK
CLK7

CLKeé

CLKO
CLK1
CLK2
CLK3
CLK4
CLKS
CLK8
CLK9
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SYMBOL DESCRIPTION
| sionalType |  PpinDescription
T | o Prébrogrammed clo;:k ;utput (32 MHz).

CLK1 2 o Preprogrammed clock output ( 1.846 MHz ).

CLKO 3 (o] Preprogrammed clock output ( 24 MHz).

CLK9 4 o Preprogrammed clock output (6 MHz ).

CPUCLK 5 (o) CPU clock output.

DGND 6 O Digital signal ground.

DvCC 7 | Digital supply voltage. Single +5 volts.

LEN* 8* | Address latch enable input (active low). To latch selected
programmed CPUCLK clock output.

A0 9* | CPU clock Frequency select address 0.

A1 10* | CPU clock Frequency select address 1.

A2 11 | CPU clock Frequency select address 2.

A3 12* | CPU clock Frequency select address 3.

EXCLK 13 | External reference clock. The crystal oscillator output and
EXCLK are gated together to generate the reference clock
forthe VCO’s. If EXCLK is used, XTAL1 should be held high
and XTAL2 left open. If the internal oscillator is used, hold
EXCLK high.

OE* 14* (@) Output Enable (active low). Low on this pin sets all the
outputs to three state mode.

AGND 15 (o] Analog ground.

XTAL1 16 | Crystal input.

XTAL2 17 (o) Crystal output.

AVCC 18 | Analog supply voltage. Single +5 volts.

CLK8 19 o Preprogrammed clock output ( 1.19 MHz ).
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ST49C694

SYMBOL DESCRIPTION
Pin | SignaiType| P
) '2'0 | 0 | CPUCLK/éF ;utput.
CLK6 21 (o] Buffered clock output ( 14.318 MHz ).
CLKS 22 o Preprogrammed clock output (9.6 MHz ).
CLK4 23 (@) Preprogrammed clock output (8 MHz ).
CLK3 24 o Preprogrammed clock output (16 MHz ).

*Have internal pull-up resistors on inputs.

CPUCLOCK TABLE FOR ST49C694 (using 14.318
MHz input. All frequencies in MHz).

AIAZATAD

CPUCLK
_ | Nominal

CPUCLK

e L ER R LA 00000000
s el NN RE e e No e Ne)
-, L, 000 R, 002 =200~_2=200
-~ 0,0, 0,020, 0-_0-=20

10.022
20.045
23.865
25.056
31.818
33.409
39.772
48.323
50.113
54.090
66.818
67.499
80.181
100.22
16.022
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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 mwW

DC ELECTRICAL CHARACTERISTICS

T,=25°C, V.,=5.0V £ 5% unless otherwise specified.

v, Input low level 0.8 \ Except Xtal1

Vi, Inputhigh level 20 \' Except Xtal1

Vo Outputlow level 04 v 1, =8.0mA

Ve Output high level 24 \' loy=8.0mA

I, Input low current -100 mA

L, Input high current 1 pPA VIN=Vce

lc Operating current 20 30 mA No load.

CPUCLK=80MHz

Ry Internal pull-up resistance 50 KQ Pin8-14
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ST49C694

AC ELECTRICAL CHARACTERISTICS

T,725° C, V.=5.0 V + 5% unless otherwise specified.

Symbol | _ Parameter | Limits | Units Conditions
T, Enable pulse width 20 ns
T, Address setup time 10 ns
T, Address hold time 10 ns
T, Rise time 1 1.5 ns 0.8v-2.0V
T, Fall time 1 1.5 ns 2.0v-0.8Vv
Ts Duty cycle 40 | 48/52 | 60 % 1.4V switch point
Ts Duty cycle 40 | 48/52 | 55 % Vce/2 switch point
T, Jitter 185 | £100 ps
T, Input frequency 14.318 MHz
T, Input clock rise time 20 ns
Ty Input clock fall time 20 ns
T, Output frequency error 0.6 %
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TIMING DIAGRAM

LEN*

AO-A3

EXCLK

CPUCLK
CLKX

X
) 4

T11
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STARTECH ST26C31

Printed May 18, 1993
QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER

SOIC package
The ST26C31 is a CMOS quad differential line driver
designed to meet the standard RS-422 requirements N
and digital data transmission over balanced lines. To weuT A [1] 6] vee
improve noise margin and output stability for slow OUTPUT A+ E E INPUT D
changing input signals special hysteresis is built in the outruTA- [3] 1] outeuTD:
ST26C31 circuit. g
The ST26C31 is a high speed CMOS line driver engie [4) & |g] oureuto-
designed to operate with MFM / RLL controllers and outpute- 5] 8 |12] enamer
hard disk drives as well as RS-422 digital data outPutes  [6] @ ] oureutc.
transmission applications. ST26C31 is suitable forlow
power 5V operation with high input voltage protection weuTB  [7] 10] ourpuTCr
devices. oND  [8] 9] puTC
Plastic-DIP package
« Pin-to-pin compatible with National DS26C31C
e Low power CMOS design
» Three-state outputs with enable pin INPUT A |1 16} vce
o Meets the EIA RS-422 requirements OUTPUT A+ |2 15| INPUTD
: ll:'ci)\g/:]psr:::gatlon delays OUTPUT A- E o % OUTPUT D+
ENABLE 4 ) 13 OUTPUT D-
outPuTB. 5] g 2] EnaBLE*
outputes  [6] ® 1] outpuTc-
weute  [7] 10] outpuTCe
oND (8] E] INPUT C

Part number Package Operating temperature
ST26C31CP16 Plastic-DIP 0°C to +70°C
ST26C31CF16 SOIC 0°C to +70°C
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BLOCK DIAGRAM
INPUT A ——— INPUTD
Yy . N

OUTPUT A+ OUTPUT D+
OUTPUT A- OUTPUT D-

ENABLE ?>_“

ENABLE*

OUTPUT B- OUTPUT C-
OUTPUT B+ %_4 (%; OUTPUT C+

INPUT B L INPUTC




ST26C31

SYMBOL DESCRIPTION

INPUT A

OUTPUT A+
OUTPUT A-

ENABLE

OUTPUT B-

OUTPUT B+

INPUT B

GND

INPUT C

OUTPUT C+

OUTPUT C-

ENABLE*

OUTPUT D-

OUTPUT D+

INPUT D

VvCC

10

11

12

13

14

15

16

o O

o o

Driver A input pin.
Driver A differential non-inverting output pin.

Driver A differential inverting output pin.

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.
Driver B differential inverting output pin.
Driver B differential non-inverting output pin.
Driver B input pin.

Signal and power ground.

Driver C input pin.

Driver C differential non-inverting output pin.
Driver C differential inverting output pin.
Gate control (active low). See ENABLE pin description.
Driver D differential inverting output pin.
Driver D differential non-inverting output pin.
Driver D input pin.

Power supply pin.
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ST26C31

Functional table

Enable | Enable® | input | Ditferential | Differential
R 1 ] Nondnverting | Inverting
| ouput | output

L H X Z Z

L L L L H

L L H H L

H L L L H

H L H H L

H. H L L H

H H H H L
X=Don'’t care

Z=Three state (high impedance)

AC TEST CIRCUIT

vecci=1. 6V
R1
A i=c2 (1]
TZ&CJ% 4@pF % :z. st
. 2 &= C1 i
A 48pF % R2
EMaBLE_% 4 i=ca 58
ENABLEw 12, | 4@pF
B 5
6
AC ELECTRICAL CHARACTERISTICS
T,=25°C, V=50V 5% unless otherwise specified.
Symbol | Parameter Limits | units |  conditions
T, Propagation delay, input to output 8 10 ns S1 open
T, Differential output rise and fall time 8 10 ns S1 open
T, Output enable time 18 20 ns S1 close
T, Output disable time 18 20 ns S1 close
T, Skew 0.5 ns S1 open




ST26C31

ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0V x 5% unless otherwise specified.

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

L€0921S

‘Symbol Parameter Limits ~Units |  Conditions
In Input current 1.0 HA
lec Operating current 200 pA
loz Three state output leakage 2.0 HA
V,, Input high level 20 \
V. Input low level 08 \
Vou Output high level 25 \
Voo Output low level 0.5 \
Vos Differential output level 20 \ R =100 ohms
Voo Common mode output voltage 3.0 \ R =100 ohms
Voo Difference in common mode output 0.4 Vv R =100 ohms
Cn Input capacitance 7 10 15 pF
Coo Power dissipation capacitance 100 pF
los Output short current -30 -150 mA | V,=VCC or GND
loer Output leakage current power off 100 pA Vout=6V
-100 HA Vout=0.25V
loc Output current +150 mA
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| ST26C31

ST26C31

DIFFERENTIAL LINE DRIVER TIMING

ENABLE
ENABLE*
INPUT X /
‘ »T3 > T1 T1
|
: OUTPUT X+
[
»T3 T T
OUTPUT X- 90%
. 10%
T2 -

OUTPUT X+ 50% /§ \

> T8

OUTPUT X- 50% \ /
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STARTECH ST26C32

Printed May 18, 1993
QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER

DESCRPTON =~~~ SOIC package

The ST26C32 is a CMOS quad differential line

receiver designed to meet the standard RS-422, RS- N

423 requirements. The ST26C32 has an input sensi- INPUTA- |1 16 vee
tivity of 200mv over the common mode input voltage INPUTA+ |2 E] INPUT D-
range of £7V. To improve noise margin and output OUTPUTA E ° E INPUT D+
stability for slow changing input signal, special hyster- T

esis is built in the ST26C32 circuit. enasLe  [4] § 5] outpuTO
The ST26C32 is a high speed line receiver designed outPute |5 g 12] EnaBLE*
to operate with MFM / RLL controllers and hard disk 17
drives as well as RS-422, and RS-423 differential weurs  [o] ] oureure
applications. ST26C32 provides TTL compatible out- NPUTE- 7] 0] weuTCe
puts to interface with standard 74LS and CMOS oND (8] (9] weuTC-
design environments. ST26C32 is suitable for low

power 5V operation.

EATURES Plastic-DIP package
¢ Pin-to-pin compatible with National DS26C32C
e Low power CMOS design N
o Three-state outputs with enable pin INPUTA- [1] 1e] vee
o Meets the EIA RS-422 requirements INPUT A+ E E] INPUT D-
* Low propagation delays outuTA  [3] e |4 mweuto:
« High speed 5
ENABLE [4] E OUTPUTD
outPuTB  [5| g 12] ENABLE:
INPUT B+ E o E OUTPUTC
INPUT B- E 10] NPUTCH
oNo (8] 9] mweutc
_ ORDERING INFORMATION

Part number Package Operating temperature
ST26C32CP16  Plastic-DIP 0°C to +70°C
ST26C32CF16 SOIC 0°C to +70°C




ST26C32

ST26C32

BLOCK DIAGRAM

INPUT A- INPUT D-
INPUT A+ INPUT D+

OUTPUTA ———— —— OUTPUTD
ENABLE
]
ENABLE*
OUTPUTB — ——— OUTPUTC

INPUT B+ INPUT C+
INPUT B- INPUT C-
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ST26C32

A
-
N
-3
Q
[
N

SYMBOL DESCRIPTION

INPUT A- 1 l 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 4 | Gate control (active high). This pin is one of the two control
pins which enables or disables all four receivers.

INPUT B+ 5 | Receiver B differential non-inverting input pin.

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

OUTPUT B 7 (¢] Receiver B output pin.

GND 8 (o) Signal and power ground.

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

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

OUTPUT C 1" (0] Receiver C output pin.

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

OUTPUT D 13 (0] Receiver D output pin.

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

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

vCcC 16 | Power supply pin.

2-11



ST26C32

ST26C32

Functional table

Diferential

L H z X X

H L L L H

H L H H L
X=Don't care

Z=Three state (high impedance)

AC TEST CIRCUIT

R1
18K

QUTPUT

AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_=5.0 V + 5% unless otherwise specified.

c
5

I

.|||

1
epF

Symbol |  Parameter
T, Propagation delay, input to output 8 10 ns S1=VCC
T, Propagation delay, input to putput 18 20 ns S1=GND
T, Output enable time 18 20 ns Vpe=2.5V
T, Output disable time 18 20 ns Vpe=2.5V




ST26C32

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 mwW

DC ELECTRICAL CHARACTERISTICS

T,=25° C, V.=5.0 V + 5% unless otherwise specified.

Vi, Enable high level 2.0 \"

vV, Enable low level 0.8 \"

Vou Output high level 38 | 4.2 \ low= -6MA

Vo Output low level 0.2 0.4 \ lo= 6MA

Ve Differential input level -0.2 +0.2 \" STV <V, <+7V
V, Input hysteresis 50 mV .

Iy Input current +1.0 mA

lec Operating current 200 HA Vye=+1V

loz Three state output leakage +1.0 | £5.0 HA Vour=VCC or GND
len Enable input current +1.0 mA | V,=VCC or GND
Ve Input resistance 10 KQ -V <V, <+7V

2-13
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ST26C32

ST26C32

DIFFERENTIAL LINE RECEIVER TIMING

ENABLE
ENABLE*

INPUT X+

/

T >

T3 >

OUTPUT X /
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ST34C50
STARTECH ST34C51

Printed May 18, 1993
DUAL RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER AND DRIVER

The ST34C50/51 is a CMOS dual differential line

receiver and driver, designed to meet the standard N

RS-422, RS-423 requirements and digital data trans- INPUTA- [1] 18] vee
mission over balanced lines. The ST34C50/51 has an INPUT A+ E E INPUT D
!nput sensitivity of 200mv ovgr the comrpon moc!e OUTPUT A E E OUTPUT D+
input voltage range of + 7V. To improve noise margin 2

and output stability for slow changing input signal, ENABLE A"B* E g E OUTPUT D-
special hysteresis is built in the ST34C50/51 circuit. outruts [5]  § @ ENABLE C/D
The ST34C50/51 is a high speed line receiver and INPUT B+ E 7 E OUTPUT C-
driver, designed to operate with MFM/RLL controllers

and hard disk drives as well as RS-422 and RS-423 wpuTe- (7] 10] outpuTCe
differential applications. ST34C50/51 provides TTL GND E E] INPUT C
compatible outputs to interface with standard 74LS

and CMOS design environments. ST34C50/51 is
suitable for low power 5V operation with minimum ST34C50CF / ST34C50CP
board space requirements. ST34C50/51 provides
dual differential line receiver with three state control
pin and dual line driver with three state control

capability.
SOIC Package
. FEATURES INPUT A- E ~ E vee
 Pin -to-pin compatible to Motorola MC34050 and INPUT A+ E E] INPUT D
MC34051

OUTPUT D+
« Low power CMOS design ouTPuTA E g E oTPy
« Three-state outputs with enable pin ENABLED  [4] 2 E OUTPUT D-
o Meets the EIA RS-422/423 requirements OUTPUT B E S E] ENABLE C
. L(_>w propagation delays S % E OUTPUT C-
« High speed
« Dual line receiver with three state control INPUTB- |7 E OUTPUT C+
o Dual line driver with three state control GND |8 E} INPUT C
Part number Package Operating temperature
ST34C50CP16  Plastic-DIP 0°C to +70°C
ST34C50CF16 SOIC 0°C to +70°C

ST34C51CP16  Plastic-DIP 0°C to +70°C
ST34C51CF16  SOIC 0°C to +70°C



ST34C50/51

ST34C50
ST34C51

ST34C50 BLOCK DIAGRAM

INPUT A-
INPUT A+
OUTPUTA —Mm—
ENABLE A*/B* 39—0 v—C-————
OUTPUTB ————
INPUT B+
INPUT B-

INPUT D

OUTPUT D+

OUTPUT D-

ENABLE C/D

OUTPUT C-

OUTPUT C+

INPUT C

2-16




ST34C50

ST34C51
-
W
&
(¢
[
o
a
ST34C51 BLOCK DIAGRAM
—— INPUTD
INPUT A-
INPUT A+ OUTPUT D+
OUTPUTA ———
OUTPUT D-
ENABLE D ) { ENABLE C
OUTPUT C-
OUTPUTB —————
INPUT B+ :I>v OUTPUT C+
INPUT B-
———— INPUTC
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ST34C50/51

ST34C50

ST34C51

SYMBOL DESCRIPTION

INPUT A+
OUTPUT A

ENABLE A/B

ENABLE D

OUTPUT B
INPUT B +
INPUT B -
GND

INPUT C
OUTPUT C+
OUTPUT C -

ENABLE C/D

ENABLE C

OUTPUT D -
OUTPUT D+
INPUT D

vCC

INPUT A-

4*

10

11

12

12*

13

14

15

16

o O

Receiver A differential inverting input pin.

Receiver A differential non-inverting input pin.
Receiver A output pin.

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

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

Receiver B output pin.

Receiver B differential non-inverting input pin.

Receiver B differential inverting input pin.

Signal and power ground.

Driver C input pin.

Driver C differential non-inverted output pin.

Driver C differential inverted output pin.

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

of ST34C50).

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

Driver D differential inverted output pin.
Driver D differential non-inverted output pin.
Driver D input pin.

Power supply pin.

2-18



ST34C50
ST34C51

Receiver Functional table (ST34C50 only)

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)

X=Don't care
Z=Three state (high impedance)
* for each section of ST34C51.

AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_.=5.0 V £ 5% unless otherwise specified.

T, Propagation delay, input to output 8 10 ns
T, Differential output rise and fall time 8 10 ns
T, Output enable time 18 20 ns
T, Output disable time 18 20 ns

wn
-
w
H
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ST34C50/51

ST34C50
ST34C51

ABSOLUTE MAXIMUM RATINGS

Operating supply range
Voltage at any pin
Operating temperature
Storage temperature
Package dissipation

DC ELECTRICAL CHARACTERISTICS

T,=25° C, V.=5.0 V + 5% unless otherwise specified.

7 Volts £ 5%

GND-0.3V to VCC+0.3V

0°C to +70°C
-40° C to +150° C
500 mW

Enable high level

Enable low level

Receiver output high level
Receiver output low level
Receiver differential input level
Receiver input hysteresis
Receiver input current

Receiver input resistance
Operating current

Three state output leakage

Driver input high level

Driver output low level

Driver differential output level
Driver Common mode output voltage
Driver difference in common mode
output

Driver input current

T

ERE]
o

<<<<<<
A

P
I

2
4

<

K K << << <5 g
gg 83

§8 8

DIN

25

2.0

50

10
200
2.0

0.8

0.4
+0.2

1.0

0.5

3.0
0.4

1.0

5 <<<<<i5333<<<<x<

R =100 ohms

R,=100 Q
R=100 Q
R=100 Q
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ST34C50
ST34C51

DIFFERENTIAL LINE DRIVER TIMING

ENABLE
ENABLE*
INPUT X
——— T3 <—>| T
OUTPUT X+ /

H——»@Ta

OUTPUT X-

. 10%
T2 —» e

OUTPUT X+ 50%

TS

OUTPUT X- 50% \

DIFFERENTIAL LINE RECEIVER TIMING

e—> T1

ENABLE
ENABLE*

INPUT X+ /

INPUT X- ‘\\

TH e

«> T4

OUTPUT X /

2-21
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ST34C50
ST34C51
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STARTECH ST34C86

Printed May 18, 1993
QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER

GENERALDESCRIPTION . _ SOIC package

The ST34C86 is a CMOS quad differential line

receiver designed to meet the standard RS-422, RS- N

423 requirements. The ST34C86 has an input sensi- INPUTA- [1] 6] vee

tivity of 200mv over the common mode input voltage INPUT A+ E E] INPUT D-

range of £ 7V. To impfovg noisg margin a‘nd output OUTPUTA E o E INPUT D+

stability for slow changing input signal, special hyster- b

esis is built in the ST34C86 circuit. EnasLEAB  [4] 13] outeuTD

The ST34C86 is a high speed line receiver designed OUTPUT B E E ENABLE CD

to operate with MFM / RLL controllers and hard disk . (e » 1l outpuTe

drives as well as RS-422 and RS-423 differential weuer [o M

applications. ST34C86 provides TTL compatible out- weuTE- [7] 10] mpuTCH

puts to interface with standard 74LS and CMOS oND [8] 5] npUTC-

design environments. ST34C86 is suitable for low

power 5V operation.

A Plastic-DIP package

; T P g

_FEATURES .

¢ Pin-to-pin compatible with National DS34C86 N

« Low power CMOS design NPUT A [1] 18] vee

¢ Three-state outputs with enable pin INPUT A+ [2] 5] INPUTD-

o Meets the EIA RS-422 requirements OUTPUT A E © E INPUT D+

¢ Low propagation delays z

« High speed ENABLE AB E 13] outPuTD

outpuTB 5] 2] EnmBLECD
INPUT B+ E 2 11] outrutc
INPUTB- [7] l10] INPUTCH
oD [8] 3] PUTC-

Part number Package Operating temperature
ST34C86CP16  Plastic-DIP 0°C to +70°C
ST34C86CF16 SOIC 0°C to +70°C



ST34C86

ST34C86

BLOCK DIAGRAM
INPUT A- INPUT D-
INPUT A+ INPUT D+
OUTPUTA ——— OUTPUT D
ENABLE A/B ) 4 ‘—C ENABLE C/D
OUTPUTB ——— OUTPUTC
INPUT B+ INPUT C+
INPUT B- INPUT C-
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ST34C86

SYMBOL DESCRIPTION

INPUT A-
INPUT A+
OUTPUT A

ENABLE A/B

INPUT B+
INPUT B-
OUTPUT B
GND
INPUT C
INPUT C-
OUTPUT C

ENABLE C/D

OUTPUTD
INPUT D+
INPUT D-

VvCC

10

11

12

13

14

15

16

Receiver A differential inverting input pin.
Receiver A differential non-inverting input pin.
Receiver A output pin.

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

Receiver B differential non-inverting input pin.
Receiver B differential inverting input pin.
Receiver B output pin.

Signal and power ground.

Receiver C differential non-inverting input pin.
Receiver C differential inverting input pin.
Receiver C output pin.

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

Receiver D output pin.
Receiver D differential non-inverting input pin.
Receiver D differential inverting input pin.

Power supply pin.

2-25
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ST34C86

ST34C86

Functional table

Enable | Output| Differential

X X
L H
H L

IITr
IrN

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

AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_.=5.0V % 5% unless otherwise specified.

vi'sy'ﬁibo'lv;:f . Parameter

g lelts
4 Min Typ Max L

Propagation delay, input to output
Output enable time
Output disable time

— -

8
18
18

10
20
20

ns
ns
ns
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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,=25° C, V_=5.0 V £ 5% unless otherwise specified.

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

500 mW

Enable high level

Enable low level

Output high level

Output low level
Differential input level
Input hysteresis

Input current

Operating current

Three state output leakage
Input resistance

I

5

SESKL<<
I

x

<g g2

a

2.0

3.8

50

200

10

0.8

0.4
+0.2

1.0

l,,= 6MA
STV <V, <+7V
mV
mA
HA
HA
KQ IV<V,, <+7V

Vv
v
\" loy= -BMA
\Y
\Y

2-27

980v€1S




ST34C86

ST34C86

DIFFERENTIAL LINE RECEIVER TIMING

ENABLE

INPUT X-

INPUT X+ /

T1 e

T3 >

T1 e—

OUTPUT X /
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STARTECH ST34C87

Printed May 18, 1993
QUAD RS-422CMOS DIFFERENTIAL LINE DRIVER

GENERAL DESCRIPTION SOIC package

fhe ST34C87 is a CMOS quad differential line driver

designed to meet the standard RS-422 requirements neura [1] N W vee
and digital data transmission over balanced lines. To
improve noise margin and output stability for slow outpuTa+  [2] 5] weuro
changing input signals special hysteresis is built in the OUTPUT A- E © E] OUTPUT D+
ST34C87 circuit. b
ENABLEAB |4 13| OUTPUTD-
The ST34C87 is a high speed CMOS line driver l: 2 ]
designed to operate with MFM / RLL controllers and OUTPUT B- E 3 E ENABLE CD
hard disk drives as well as RS-422 digital data OUTPUT B+ E @ E OUTPUT C-
transmission applications. ST34C87 is suitable for low
power 5V operation with high input voltage protection neurs [1] 1o outeurce
devices. GND E E INPUTC
FEATURES
Plastic-DIP package
¢ Pin-to-pin compatible with National DS34C87
o Low power CMOS design
« Three-state outputs with enable pin woura [7] N W veo
*Meets the EIA RS-422 requirements
eLow propagation delays outeuTar  [2] 1] weuto
eHigh speed outPuTA- 3] o [1a] outPuTD:
ENaBLEAB [4] & 3] outpuTD-
~
OUTPUT B- E g 1_3] ENABLE CD
OUTPUT B+ E ® E] OUTPUT C-
INPUT B E E] OUTPUT C+
GND E E] INPUT C

ORDERING INFORMATION

Part number Package Operating temperature
ST34C87CP16 Plastic-DIP 0°Cto +70°C
ST34C87CF16 SOIC 0°Cto +70°C




ST34C87

ST34C87

BLOCK DIAGRAM
INPUT A —— INPUT D
—

OUTPUT A+ OUTPUT D+
OUTPUT A- OUTPUT D-
ENABLE A/B —D—« -——Cm ENABLE C/D
OUTPUT B- OUTPUT C-
OUTPUT B+ % OUTPUT C+

INPUT B L INPUTC
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ST34C87

1]
-
g
0
(2]
~J

SYMBOL DESCRIPTION
Symbol Pin Signal Type Pin Description
INPUT A 1 | Driver A input pin.
OUTPUT A+ 2 (o} Driver A differential non-inverting output pin.
OUTPUT A- 3 (6] Driver A differential inverting output pin.
ENABLE A/B 4 | Gate control (active high). This pin is one of the two control
pins which enables or disables two/four drivers.
OUTPUT B- 5 0 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 (o} Signal and power ground.
INPUT C 9 | Driver C input pin.
OUTPUT C+ 10 (0] Driver C differential non-inverting output pin.
OUTPUT C- 1 0 Driver C differential inverting output pin.
ENABLE C/D 12 ] Gate control (active high). See ENABLE A/B pin descrip-
tion.

OUTPUT D* 13 0 Driver D differential inverting output pin.
OUTPUT D 14 (0] Driver D differential non-inverting output pin.
INPUT D 15 | Driver D input pin.
vVCC 16 | Power supply pin.
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ST34C87

ST34C87

Functional table

Enable Input Differential Differential
Non-Inverting Inverting

Output Output
L X z z
H L L H
H H H L

X=Don’tcare
Z=Three state (high impedance)

AC ELECTRICAL CHARACTERISTICS

T,=25°C, V. =5.0V x 5% unless otherwise specified.

Symbol Parameter Limits Units Conditions
Min Typ Max
T, Propagation delay, input to output 8 10 ns
T, Differential output rise and fall time 8 10 ns
T, Output enable time 18 20 ns
T, Output disable time 18 20 ns
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ST34C87

ABSOLUTE MAXIMUM RATINGS

Supply range
Voltage at any pin
Operating temperature

7 Volts

GND-0.3V to VCC+0.3V

0°Cto +70°C

Storage temperature -40°Cto +150°C
Package dissipation 500 mW
DC ELECTRICAL CHARACTERISTICS
T,=25°C, V. =5.0V + 5% unless otherwise specified.
Symbol Parameter Limits Units Conditions
Min Typ Max

Viy Input high level 20 v

Vi Input low level 0.8 \%

Vou Output high level 25 \"

Vo Output low level 0.5 \

Vos Differential output level 2.0 v R =100Q

Voc Common mode output voltage 3.0 \% R =100Q

Voo Difference in common mode output 04 \ R =100Q

Iy Input current +10 HA

lee Operating current 200 HA

loz Three state output leakage +20 HA

180V€1S
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ST34C87

ST34C87

DIFFERENTIAL LINE DRIVER TIMING

ENABLE

INPUT X /

T3

| —

T4

OUTPUT X+

OUTPUT X-

—> T4

10%
- T2

T1 T1
T1 T1
\_
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STARTECH ST16C450

Printed May 17, 1993

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

PLCC Package
The ST16C450 is a universal asynchronous receiver
and transmitter. A programmable baud rate genera- sass8¢8s38tk
tor is provided to select transmit and receive clock
rates from 50Hz to 448KkHz. . o ARCARREREEES,
The ST16C450 is an improved version of the o [ ° opr
NS16C450 UART with higher operating speed and o [3] o
lower access time. The ST16C450 on board status "“; 2
registers  provides the error conditions, type and ve. @ ST16CAS0CIA4 Ne.
status of the transfer operation being performed. n [ Nt
Included is complete MODEM control capability, and - "E:f e
a processor interrupt system that may be software csr (] »
tailored to the user's requirements. The ST16C450 sawour  [17) a2
provides internal loop-back capability for on board EEEEEIEEEE
diagnostic testing. - 0y i
The ST16C450 is fabricated in an advanced 1.2u igEageEtgge
CMOS process to achieve low drain power and high
speed requirements.
Plastic-DIP Package
oo [1] N~ la0] vee
o1 [2] 3] R
o2 [3] s8] co-
ePin to pin and functional compatible to s[4 7] osre
NS16450,VL16C450,WD16C450 ] ] ors
¢ Modem control signals (CTS*, RTS*, DSR*, DTR*, D4
RI*, CD*) os [s] Bs| REsET
« Programmable character lengths (5, 6, 7, 8) os [7] 34] 0Pt
« Even, odd, orno parity bit generation and detection o7 [s] E DTR*
o Status report register
. . Retk 9] o 2] s
¢ Independent transmit and receive control T
« TTL compatible inputs, outputs Rx [to] g o] opz
* 448 kHz transmit/receive operation with 7.372 ™ [ 8 30| iNT
MHz crystal or external clock source cso  [17 % 9] nc.
cst [19) 28] a0
cs2 EZ il Al
BAUDOUT* E ;_e.| A2
xtat [t 2s] As
xtaz  [17] 24] csour
ows  [1g] 23] oIS
Part number Package Operating temperature
ST16C450CP40  Plastic-DIP  0°C to+70°C tow [ 2| or
ST16C450CJ44 PLCC 0°C to+70°C ono  [20] 2] o

* Industrial operating range are available.



ST16C450
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ST16C450
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SYMBOL DESCRIPTION

__symbol | _Bih* _ | Signal Type | o . Pin'De'_scriptioﬁ'-

D0-D7 1-8 110 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 | Receive clock input. The external clock input to the
ST16C450 receiver section if receiver data rate is different
from transmitter data rate.

RX 10 | 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) is logic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

X 11 (o] 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.

CSO0 12 | Chip select 1 (active high). A high at this pin enables the
ST16C450 / CPU data transfer operation.

Cs1 13 | Chip select 2 (active high). A high at this pin enables the
ST16C450 / CPU data transfer operation.

cs2* 14 | Chip select 3 (active low). A low at this pin (while CS0=1
and CS1=1) will enable the ST16C450/ CPU data transfer
operation.

BAUDOUT* 15 o 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.

XTALA1 16 | 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

XTAL2

Iow*

Iow

GND

IOR*

IOR

DDIS*

csout

AS*

A1l

A0

17

18

19

20

21

22

23

24

25

26

27

28

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.

Wirite 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

N/C 29 No connection.

INT 30 o 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 (0] General purpose output (active low). User defined output.
See bit-3 modem control register (MCR bit-3).

RTS* 32 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.
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.

DTR* 33 o 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).
Writinga “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.

oP1* 34 (o] General purpose output (active low). User defined output.
See bit-2 of modem control register (MCR bit-2).

RESET 35 | 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 | 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 | 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

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

RI* 39 | - | Ringdetectindicator (active low). Alowonthis pinindicates
the modem has received a ringing signal from telephone
line.

VCC 40 | Power supply input.

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

PROGRAMMING TABLE

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




ST16C450

w
b
-
2]
8
(24
o

ST16C450 ACCESSIBLE REGISTERS

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

001 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 OoP2* | 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

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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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.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C450 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-8 MHz and dividing it by any divisor from 1
to 2% -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 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 Source of the interrupt
11111410 LSR (Receiver Line Status
Register)
2111010 RXRDY (Received Data
Ready)
310| 1] 0| TXRDY( Transmitter Holding
Register Empty)

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

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”.
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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.

BT | 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).

O0=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:
O=set OP1* output to high.
1=set OP1* output to low.

MCR BIT-3:
=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

3-11

0S¥O9L1S




ST16C450

ST16C450

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 §-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-6:

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:
=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.

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 “17, a
MODEM Status Interrupt is generated.

3-12



ST16C450

SCRATCHPAD REGISTER (SR)

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

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

16 x CLOCK | % ERROR
| DIVISOR | -

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 2.86
115.2K 1

ST16C450 EXTERNAL RESET CONDITION

LSR

MSR

IER BITS 0-7=0

ISR BIT-0=1, ISR BITS 1-7=0
LCR BITS 0-7=0

MCR BITS 0-7=0

LSR BITS 0-4=0,

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

MSR BITS 4-7=input signals

High
High
High
High
High
Low
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0 V + 5% unless otherwise specified.

T, Clock high pulse duration 50 ns Note: 2
T, Clock low pulse duration 50 ns Note: 2
T, Clock rise/fall time 10 ns
T, Baud out rise/fall time 100 ns 100 pF load
Ts Address strobe width 30 ns
Ts Address setup time 15 ns
T, Address hold time 15 ns
T, Chip select setup time 5 ns
T, Chip select hold time 0 ns
T CSOUT delay from chip select 10 ns
Ty 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
T Chip select hold time from IOW* 0 ns Note: 1
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
T Data hold time 15 ns
T, IOR* delay from chip select 25 ns Note: 1
T, IOR* strobe width 65 ns
T, Chip select hold time from IOR* 0 ns Note: 1
T, Read cycle delay 55 ns
Tr Read cycle=T,+T,, 115 ns
Ty Delay from IOR* to data 25 ns 100 pF load
Ty Delay from IOW* to output 50 ns 100 pF load
Ty Delay to set interrupt from MODEM 70 ns 100 pF load
input
Ta Delay to reset interrupt from IOR* 70 ns 100 pF load
T, Delay from stop to set interrupt ek * 100 pF load
Ta Delay from IOR* to reset interrupt 200 ns 100 pF load
Ts Delay from initial INT reset to transmit 8 24 *
start
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AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_.=5.0 V £ 5% unless otherwise specified.

T,, Delay from stop to interrupt 100 ns
T Delay from IOW* to reset interrupt 175 ns
N Baud rate devisor 1 2161

Note 1: Applicable only when AS* is tied low.

Note 2: 1.8432 Mhz crystal or External clock.
* = 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,=25° C, V_.=5.0 V £ 5% unless otherwise specified.

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C
-40° C to +150° C

500 mW

Parameter

Viex | Clock input low level -0.5
Ve | Clock input high level 3.0
vV, input low level -0.5
Vi Input high level 22
Vo Output low level on all outputs

Vou Output high level 24
ec Avg. power supply current

Input leakage
Clock leakage

P
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CLOCK TIMING
EXTERNAL
CLOCK / :
% i R T3
CLOCK PERIOD CLOCK PERIOD
BAUDOUT* TIMING
T4 T4
BAUDOUT*

-/ S S

1/2 BAUDOUT*

1/3 BAUDOUT* \ / \ / \
1/3> BAUDOUT* \ / \
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GENERAL READ TIMING

T
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GENERAL WRITE TIMING

cs2*
S

CCCCC

DDDDD
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MODEM TIMING

IowW*
Iow

> T28

RTS*
DTR*

CcD
CTS
DSR

INTx

IOR*
IOR

RI
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RECEIVE TIMING
START BIT
—> DATA BITS (5-8) STOP BIT
RX INPUT \ [ po|D1|D2|D3|D4|D5| D6
> ~ ! |
SDATABITS | PARITYBIT  NEXT
g > b DATA
6 DATABITS ! i START BIT
|
L > ! .
7 DATABITS ! i — e T31
!
Lo ‘
INTx i :
T +
.
Lo
IOR* | i
I0R ! !

16 BAUD RATE CLOCK
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TRANSMIT TIMING
START BIT
—b DATA BITS (5-8) STOP BIT
TX OUT B | Do | D1 | D2 | D3 | D4 | D5 | D6 )
D > b e |
SDATABITS | PARITYBIT. NEXT
< - b DATA
6 DATABITS b START BIT
| |
L sl | .
7 DATABITS E ; —»i i T34
: | |
; | |
INTx —»1 « T33 E E
T
L
low* P
I
—

16 BAUD RATE CLOCK
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Printed May 17, 1993

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

_DESCRIPTION

The ST16C1450/51 is a universal asynchronous re-
ceiver and transmitter. A programmable baud rate
generator is provided to select transmit and receive
clock rates from 50Hz to 448kHz.

The ST16C1450/51 is an improved version of the SSI
73M1550 and SSI 73M2550 UART with higher oper-
ating speed and lower access time. The ST16C1450/
51 on board status registers provides the error
conditions, type and status of the transfer operation
being performed. Included is complete MODEM con-
trol capability, and a processor interrupt system that
may be software tailored to the user’s requirements.
The ST16C1450/51 provides internal loop-back capa-
bility for on board diagnostic testing.

The ST16C1450/51 is fabricated in an advanced 1.2
CMOS process to achieve low drain power and high
speed requirements.

¢ Pin to pin and functional compatible to SSI
73M1550/2550

« 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

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

* 28 Pin plastic-Dip and PLCC package

 Pin-to-pin compatible to ST16C1550/1551

Part number Package Operating temperature
ST16C1450CP28 Plastic-DIP 0°C to+70°C
ST16C1450CJ28 PLCC 0°C to+70°C
ST16C1451CP28 Plastic-DIP 0°C to+70°C
ST16C1451CJ28 PLCC 0°C to+70°C

*Industrial operating range are available.

PLCC Package

asss8sl
E

S$T16C1450CJ28

212288 ¢®

ST16C1450

PLCC Package

ST16C1451
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ST16C1450 SYMBOL DESCRIPTION

X

cs*

XTALA1

XTAL2

Iow*

GND

IOR*

RI*

INT

10

1

12

13

14

15

16

17

18

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 ST16C1450 receive input 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.

Serial data output. 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.

Chip select (active low). A low at this pin enables the
ST16C1450 / 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.

Signal and power ground.

Read strobe (active low). A low level on this pin transfers
the contents of the ST16C1450 data bus to the CPU..

Ring detectindicator (active low). A low on this pinindicates
the modem has received a ringing signal from telephone
line.

Interrupt output. (three state / active high) This pin goes high
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ST16C1450 SYMBOL DESCRIPTION

(when enabled by the interrupt enable register) whenever a
receiver error, receiver data available, transmitter empty,
or modem status condition flag is detected.

AD-A2 21-19 | Address select line. To select internal registers.

RTS* 22 (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.
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.

DTR* 23 (o] Data terminal read (active low). To indicate that
ST16C1450 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.

RESET 24 | 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* 25 | 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* 26 | 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.

CcD* 27 | Carrier detect (active low). A low on this pin indicates the
carrier has been detected by the modem.

VvCC 28 | Power supply input.
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ST16C1451 SYMBOL DESCRIPTION

1 bés_cripti'dn'

DO0-D7

RX

TX

cs*

CLK

Iow*

GND

IOR*

RI*

RST

1-8

10

11

12

13

14

15

16

17

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 ST16C1451 receive input circuit. A mark
(high) islogicone 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
ST16C1451 / CPU data transfer operation.

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

Wirite 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 ST16C1451 data bus to the CPU.

Ring detect indicator (active low). A low onthis pinindicates
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.

3-28




ST16C1450
ST16C1451

(7))
-
-
N
2]
-
H
(2]
3
-

ST16C1451 SYMBOL DESCRIPTION

INT 18 (o] Interrupt output. (three state / active high) This pin goes high
(when enabled by the interrupt enable register) whenever a
receiver error, receiver data available, transmitter empty,
or modem status condition flag is detected.

AO-A2 21-19 | Address select line. To select internal registers.

RTS* 22 (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* 23 (o] Data terminal read (active low). To indicate that
ST16C1451 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Wiriting 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.

RESET 24 | 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.

CTS* 25 | 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* 26 | 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.

CcD* 27 | Carrier detect (active low). A low on this pin indicates the
carrier has been detected by the modem.

VCC 28 1 Power supply input.
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PROGRAMMING TABLE

Receive Holding Register
Interrupt Status Register
Line Status Register

Modem Status Register
Scratchpad Register

OO - =2 =2=20000

OO, -200==200 |
P, O, OO0

Transmit Holding Register
Interrupt Enable Register

Line Control Register
Modem Control Register

Scratchpad Register
LSB of Divisor Latch
MSB of Divisor Latch

All unused input pins should be tied to VCC or GND.
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ST16C1450 ACCESSIBLE REGISTERS

A2a140 |Register | BiT7 | BiT6 | BITS | BIT4 | BIT3 | BIT2 | BT | 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
001 IER 0 0 o/ 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
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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ST16C1451 ACCESSIBLE REGISTERS

000 RHR 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
001 IER 0 0 o/ 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/powef 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
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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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 ST16C1450/51 contains a programmable Baud
Rate Generator that is capable of taking any clock
input from DC-8 MHz and dividing it by any divisor
from 1to0 2'%-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-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 other interrupts are acknowl-
edged until the particular interrupt is serviced. The
following are the prioritized interrupt levels:
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Priority levels

LCR BIT-2:

- The number of stop bits can be specified by this bit.
P | D2 D1| D0 | Source of the interrupt
1]11] 1] 0] LSR (Receiver Line Status BIT-2 | Word length | Stop bit(s)
Register) = I :
2111 0| 0| RXRDY (Received Data 0 5,6,7,8 1
Ready) 1 5 1-1/2
301110 TXRDY( Transmitter Holding 1 6,7,8 2
Register Empty)
41010} 0 MSR (Modem Status Regis-
ter)
LCR BIT-3:
Parity or no parity can be selected via this bit.
0=no parity
ISR BIT-0: 1=a parity bit is generated during the transmission,

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.

BITA| BITO | Wordlength
0 0 5
0 1 6
1 0 7
1 1 8

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.
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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:
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:

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*, 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. 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 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.

LSR BIT-4:

0=no break condition (normal).:

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

LSR BIT-§:

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.
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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* input to the ST16C1450/51
has changed state since the last time it was read.

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* input to the ST16C1450/51 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 “17, 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):

BAUD RATE | 16 xCLOCK | % ERROR
L DIVISOR S
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 2.86
115.2K 1

ST16C1450/51 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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"SIGNALS | RESET STATE
2P High
SOFT reset High
RTS* High
DTR* High
INT Three state mode
ST16C1450 Plastic-DIP Package ST16C1451 Plastic-DIP Package
oo [1] ~ 28] vee oo [1] ~ 28] vee
o1 [z 27] cor o1 [z 7] cor
o2 [3] 28] Dsr o2 [3] 6] Dsre
o3 [4] 2s] crst o3 [4 5] crse
os [ 4] ReseT oa [s] [24] ReseT
s [s] = 3] TR os [s] 8 23] orRe
os [7] % 2] Rrs* os [7] ‘E’ 2] rrst
o7 [s] ) 21] a0 o7 [s] 3 21] a0
RX [9] 5 20] A Rx [9] b 0] a1
™ [to] 18] a2 ™ [1o] e] a2
cs [t1] 8] T cs [11] 8] Nt
xtaut [re] 7] Re ok 12 7] Rt
xtaz  [i3] 6] 10 ows  [13] ] e
ows  [14] 5] en GND  [14] 1s] 1o
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ABSOLUTE MAXIMUM RATINGS

Supply range

Voltage at any pin
Operatingtemperature
Storagetemperature
Package dissipation

DCELECTRICAL CHARACTERISTICS

T,=25°C, V..=5.0 V 5% unless otherwise specified

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C
-40°C to +150°C

500 mwW

Clock input low level

Clock input high level

Input low level

Input high level

Output low level on all outputs
Output high level

Avg. power supply current
Input leakage

Clock leakage

ILCK

<L << << <

.‘-"':8ggir=g
x

553 <<<<<c<
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ACELECTRICAL CHARACTERISTICS

T,=25°C, V..=5.0V £ 5% unless otherwise specified.

‘Symbol | Parameter ' Limits: | Units Conditions
: Min Typ Max ‘ S
T, Clock high pulse duration 50 ns Note: 1
T, Clock low pulse duration 50 ns Note: 1
T, Clock rise/fall time "1 10 ns
T, Chip select setup time 5 ns
T, Chip select hold time 0 ns
T, Data setup time 15 ns
T, Data hold time 15 ns
T, IOW* delay from chip select 10 ns
T IOW* strobe width 50 ns
T Chip select hold time from IOW* 0 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
Ty Data hold time 15 ns
T,, IOR* delay from chip select 10 ns
T, IOR* strobe width 65 ns
Ty Chip select hold time from IOR* 0 ns
T, Read cycle delay 55 ns
Tr Read cycle=T,,+T,, 105 ns
Ty Delay from IOR* to data 35 ns 100 pF load
Ty Delay from IOW* to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load
input
T, Delay to reset interrupt from IOR* 70 ns 100 pF load
T,, Delay from stop to set interrupt L. * 100 pF load
T Delay from IOR* to reset interrupt 200 ns 100 pF load
Te Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
Ty Delay from IOW* to reset interrupt 175 ns
N Baud rate devisor 1 2161

Note 1: 1.8432 MHz crystal or External clock
* = Baudout* cycle
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MODEM TIMING

low* —L/

RTS*
DTR*

CcD
CTs
DSR

INTx

IOR*

RI

CLOCK TIMING

T2
—
EXTERNAL \
CLOCK / . g

< >
e »i

CLOCK PERIOD CLOCK PERIOD
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RECEIVE TIMING
START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT \ /| DO | D1 | D2 | D3 | D4 | D5 | D6
p > | -
SDATABITS | PARITYBIT! NEXT
< . b DATA
6 DATABITS : i START BIT
|
e > ! 1
7 DATABITS ! i —> e T31
L
INTx i !
T
P
b
IOR* : !
| L

16 BAUD RATE CLOCK
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STOP BIT

TRANSMIT TIMING
START BIT
— DATA BITS (5-8)
TX OUT | po| Dt | D2| D3| D4| D5 | D6
o - :
S DATABITS | PARITYBIT
]
[ I
6 DATABITS :
< )
h 7 DATABITS —»]
INTX —>| - T33

NEXT
DATA
START BIT

T34

e

low* j_/

e e e

16 BAUD RATE CLOCK
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STARTECH ST16C2450

Printed May 17, 1993
DUAL UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

SESCRIPTION. .| PLCC Package

The ST16C2450 is a dual universal asynchronous

s8x88 8
receiverand transmitter. Independent programmable asesaffis i °

baud rate generators are provided to select transmit FlEFFANFRMREE

and receive clock rates from 50Hz to 448kHz for each os ©
UART section. - i
The ST16C2450 is an improved version of the Rxe rTsA®
NS16C450 UART with higher operating speed and A '

NC. ST16C2450C 44

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 1.2p
CMOS process to achieve low drain power and high

| IEEEEEEEEGE
$

speed requirements. Plastic-DIP Package
oo [1] - 0] vee
FEATURES or [2] o] R
i L : 02 [3] 8] con
 Functional compatible to NS16450, VL16C450, o3 [4] 7] osrar
WD16C450 o4 5] [ss] crsar
¢ Modem control signals (CTS*, RTS*, DSR*, DTR*, Ds E 5] ReseT
RI*, CD*) .
« Programmable character lengths (5, 6, 7, 8) oo [1] o o
« Even, odd, orno parity bit generation and detection o7 s Es] DTRA*
« Status report register rxe  [o] g @ RTSA®
e Independent transmit and receive control RXA E ] E oPA*
o TTL compatible inputs, outputs ™[] & £°] INTA
¢ 448 kHz transmit/receive operation with 7.372 M 2
MHz crystal or external clock source e E @ % INT8
oPB* 13 28 A0
CSA* @ El A1
cse* 15 El A2
XTAL1 |16 2__31 crss*
XTAL2 17 E RTSB*

iows  [18 23] RiBt
Part number Package Operating temperature cos* E §I DSRB*

ST16C2450CP40 Plastic-DIP 0°C to+70°C anD  [20] 1] 1ore

ST16C2450CJ44 PLCC 0°C to+70°C
*Industrial operating range are available
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SYMBOL DESCRIPTION

D0-D7 1-8 110 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 10,9 | Serial datainput A/B. The serial information (data) received
from serial port to ST16C2450 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 11,12 (o] 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.

CS A/B* 14,15 | Chip select A/B. (active low) A low at this pin enables the
ST16C2450 / CPU data transfer operation.

XTAL1 16 | 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 17 | 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.

IOR* 21 | Read strobe. (active low) A low level on this pin transfers
the contents of the ST16C2450 data bus to the CPU.

AO0-A2 28-26 | Address select lines. To select internal registers.

INT A/B 30,29 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.
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SYMBOL DESCRIPTION

symbol |

_ Pin

| signal Type |

_ PinDescription

OP2 A/B*

RTS A/B*

DTR A/B*

RESET

CTS A/B*

DSR A/B*

CD A/B*

RI A/B*

31

32,24

33,34

35

36,25

37,22

38,19

39,23

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 pin is 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 pinto 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).
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.

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 pin indicates
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

vCC 40 | Power supply input.
GND 20 o Signal and power ground.
PROGRAMMING TABLE

WRITE MODE

Receive Holding Register Transmit Holding Register

0 0 0

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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S$T16C2450 ACCESSIBLE REGISTERS A/B

0‘ 0 .0 T RHR bit-7 bit-6‘ ” ‘bii-3 bii;O
000 THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
001 IER 0 0 0 0 modem | receive |transmit | receive

status line holding | holding
interrupt| status | register | register

interrupt
i 010 ISR 0 0 0 0 0 int int int
‘ priority | priority | status
i‘ 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 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

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 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 whenever
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 performed 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-8 MHz and dividing it by any divisor from 1
to 2% -1. The output frequency of the Baudout* is
equal to 16X of transmission baud rate (Baudout*=16
xBaud 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
incoming 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:
=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
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 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| Sourceof the interrupt |

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

2111010 RXRDY (Received Data
Ready)

3101110 TXRDY/( Transmitter Holding
Register Empty)

410}101{0O0 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 highest
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
number 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 transmitted
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.

IT2 | 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 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-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.
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MCR BIT-1:
O=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 connected
tothereceiverinputand 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 Controlinputs. The interrupts
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 BIT4:

0=no break condition (normal).

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

LSR BIT-§:

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-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. It is the complimentto the CD* input.

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

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):

BAUDRATE | 16xCLOCK | %ERROR
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 2.86
115.2K 1

ST16C2450 EXTERNAL RESET CONDITION

RE( 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 signal
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V.=5.0 V + 5% unless otherwise specified.

Symbol  Parameter Limits 1 Units  Conditions
Min  Typ Max :
T, Clock high pulse duration 50 ns
T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns
T, Chip select setup time 15 ns
T, Chip select hold time 0 ns
T, Data set up time 15 ns
T, Data hold time 15 ns
T. IOW* delay from chip select 10 ns
T IOW* strobe width 50 ns
T Chip select hold time from IOW* 0 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
T Data hold time 15 ns
T,, IOR* delay from chip select 10 ns
T, IOR* strobe width 65 ns
T, Chip select hold time from IOR* 0 ns
Ty Read cycle delay 55 ns
Tr Read cycle=T,,+T, 115 ns
Ty Delay from IOR* to data 35 ns 100 pF load
Ty Delay from IOW* to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load
input
Ty Delay to reset interrupt from IOR* 70 ns 100 pF load
T, Delay from stop to set interrupt 1rek ns 100 pF load
T, Delay from IOR* to reset interrupt 200 ns 100 pF load
Ty Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
Tas Delay from IOW* to reset interrupt 175 ns
N Baud rate devisor 1 2'¢-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,=25° C, V.=5.0 V 1 5% unless otherwise specified.
;'Syﬁjb'ol e : P’ara'metér . 1 : :l'_..i_r"p’_its' . Umts ”’C'obnd’ii‘idnsv
Vi | Clock input low level -0.5 0.6 \
Viex | Clock input high level 3.0 vcc \
V, Input low level -0.5 0.8 \Y
' Input high level 22 vcc \
Vo, Output low level on all outputs 0.4 \' lo,= 6 MA
Vou Output high level 24 \' lo= -6 MA
lee Avg power supply current 6 mA
I, Input leakage +10 A
le, Clock leakage +10 A
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MODEM TIMING

low* ——\—_4/

> T28

RTS*
DTR*

CcD
CTS
DSR

INTX

T30 i e T29 ie-»

IOR*

RI

CLOCK TIMING

EXTERNAL

CLOCK ___/

CLOCK PERIOD CLOCK PERIOD
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STOP BIT

TRANSMIT TIMING
START BIT
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DATA
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RECEIVE TIMING
START BIT
b DATA BITS (5-8) STOP BIT
RX INPUT \ Z,_ DO | D1 | D2 | D3 | D4 | D5 | D6
o - :
S DATABITS | PARITYBIT: NEXT
< - - DATA
6 DATABITS b START BIT
| |
> > I
7 DATABITS .
b
b
INTx E !
o
L
b
IOR* ! |
! L

16 BAUD RATE CLOCK
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DESCRPTION _

The ST16C454 is a quad universal asynchronous
receiver and transmitter. A programmable baud rate
generator is provided to select transmit and receive
clock rates from 50Hz to 448kHz.

The ST16C454 is an improved version of the
NS16C450 UART with higher operating speed and
lower access time. The ST16C454 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 ST16C454
provides internal loop-back capability for on board
diagnostic testing.

The ST16C454 is fabricated in an advanced 1.2u
CMOS process to achieve low drain power and high
speed requirements.

FEATURES

e Quad ST16C450

e Pin-to-pin compatible to ST16C554

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

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

« Even, odd, orno parity bit generation and detection

 Status report register

« Independent transmit and receive control

o TTL compatible inputs, outputs )

© 448 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

Part number Package
ST16C454CJ68 PLCC
ST16C4541J68 PLCC

Operating temperature
0°C to+70°C
-40°C to +85°C

ST16C454

Printed May 17, 1993
QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER
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SYMBOL DESCRIPTION

D0-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 1 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) 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 () 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.

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 o 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 40,61 o 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.
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SYMBOL DESCRIPTION

Symbol - '

A2

A1l

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*

32
33
34

15,21
49,55

14,22
48,56

12,24
46,58

37

11,25
45,59

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 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.

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.
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SYMBOL DESCRIPTION

| symbol | | signalType |  PinDescription
DSR A-B* 10,26
DSR C-D* 44,60 | 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 A-B* 9,27
CD 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 13,60
vcC 47,64 | Power supply input.
PROGRAMMING TABLE
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

1A0 [Register | BIT7 | BIT4 | BITS | BiT4 | BITS | BIT2 | BT | B0

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 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 CcD 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

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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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.

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 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 ST16C454 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-8 MHz and dividing it by any divisor from 1
to 2 -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:
0O=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 74:
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:

vsvo9LlsS

Priority level

P [D2|D1]D0| Source of the interrupt

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

2| 1]10] 0| RXRDY (Received Data
Ready)

31010} TXRDY( Transmitter Holding
Register Empty)

4)10)01]0 MSR (Modem Status Regis-
ter)

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.
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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| 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)
0 567.8 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 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).
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:
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 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:

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* 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 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 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.

MSR BIT-3:
Indicates that the CD* input to the ST16C454 has
changed state since the last time it was read.
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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 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)

ST16C454 provides a temporary data registerto store
8 bits of information for variable use.

SIGNALS | RESETSTATE
X High

OoP1* High

oP2* High

RTS* High

DTR* High

INT Three state

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

BAUDRATE | 16 xCLOCK |%ERROR
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 2.86
115.2K 1

S$T16C454 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,=25° C, V. .=5.0 V £ 5% unless otherwise specified.

‘Symbol | _Parameter
T, Clock high pulse duration 50 ns
T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns
T, Chip select setup time 15 ns
T, Chip select hold time 0 ns
T, Data set up time 15 ns
Ty, Data hold time 15 ns
T, IOW* delay from chip select 10 ns
T IOW* strobe width 50 ns
T Chip select hold time from IOW* - 0 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
Ty Data setup time 15 ns
T, Data hold time 15 ns
T, IOR* delay from chip select 10 ns
T, IOR* strobe width 65 ns
T,, Chip select hold time from IOR* 0 ns
Ty Read cycle delay 55 ns
Tr Read cycle=T,+T,, 115 ns
T, Delay from IOR* to data 35 ns 100 pF load
T, Delay from IOW* to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load
input
Ty Delay to reset interrupt from IOR* 70 ns 100 pF load
T, Delay from stop to set interrupt ek ns 100 pF load
T, Delay from IOR* to reset interrupt 200 ns 100 pF load
Ty Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
Ty Delay from IOW* to reset interrupt 175 ns
N Baud rate devisor 1 2161
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,=25° C, V_.=5.0 V £ 5% unless otherwise specified.
Symbol | Parameter  Limits  Conditions
ama b e “Min  Typ S
Vi | Clockinput low level -0.5 0.6 Vv
Viek | Clock input high level 3.0 vcc \"
V, Input low level -0.5 0.8 \
Vi, Input high level 2.2 vccC \"
Vo Output low level on all outputs 0.4 \ l,,=6 MA
Vou Output high level 24 Vv low= -6 MA
lec Avg. power supply current 6 mA
I Input leakage +10 uA
I Clock leakage 10 pA
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MODEM TIMING

Iow* ;\_——/
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DSR
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CLOCK TIMING

EXTERNAL
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i
i
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i
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< i
< >

CLOCK PERIOD CLOCK PERIOD
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RECEIVE TIMING
START BIT
—p DATA BITS (5-8) STOP BIT
RX INPUT \ [ Dpo|Dt|D2|D3|D4|D5] D6
> > : | — >
SDATABITS | PARITYBIT NEXT
« O DATA
6 DATABITS ! i START BIT
|
¢ > ! .
7 DATABITS Lo —» [ T31
INTx i
i
|
|
|
T
|
|
L

IOR* ?
i

16 BAUD RATE CLOCK
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TRANSMIT TIMING

TX OUT
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Dé
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DESCRIPTION

The ST16C550 is a universal asynchronous receiver
and transmitter with 16 byte transmit and receive
FIFO. A programmable baud rate generator is pro-
vided to select transmit and receive clock rates from
50Hz to 448kHz.

The ST16C550 is an improved version of the
NS16C550 UART with higher operating speed and
lower access time. The ST16C550 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 ST16C550
provides internal loop-back capability for on board
diagnostic testing.

The ST16C550 is fabricated in an advanced 1.2u
CMOS process to achieve low drain power and high
speed requirements.

FEATURES

ePin to pin and functional compatible to
NS16550,VL16C550,WD16C550

¢ 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

» Independent transmit and receive control

o TTL compatible inputs, outputs

» Software compatible with INS8250, NS16C450

¢ 448 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

_ORDERING INFORMATION

Part number Package Operating temperature
ST16C550CP40 Plastic-DIP 0°C to+70°C
ST16C550CJ44 PLCC 0°C to+70°C
ST16C550CQ52 QFP 0°C to+70°C
ST16C550CQ48 TQFP 0°C to+70°C
*Industrial operating range are available

ST16C550

Printed May 17, 1993
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs
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SYMBOL DESCRIPTION

RCLK

TX

Cso

Ccs1

cs2*

BAUDOUT*

XTAL1

1-8

10

11

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.

Receive clock input. The external clock input to the
ST16C550 receiver section if receiver data rate is different
from transmitter data rate.

Serial data input. The serial information (data) received
from serial port to ST16C550 receive input circuit. A mark
(high) is logic 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.

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.

Chip select 1. (active high) A high at this pin enables the
ST16C550 / CPU data transfer operation.

Chip select 2. (active high) A high at this pin enables the
ST16C550 / CPU data transfer operation.

Chip select 3. (active low) A low at this pin (while CS0=1
and CS1=1) will enable the ST16C550 / CPU data transfer
operation.

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.

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

XTAL2 17 | Crystal input 2 or buffered clock output. See XTAL1.

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

oW 19 1 Wirite 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 (o) Signal and power ground.

1

‘ IOR* 21 | Read strobe. (active low) A low level on this pin transfers

the contents of the ST16C550 data bus to the CPU.

IOR 22 | 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.

DDIs* 23 (o] 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 (o) Transmit ready. (active high) 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 | Address strobe. (active low) A low on this pin will latch the
state of the chip selects and addressed register (A2-AQ).
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 | Address select line 2. To select internal registers.

Al 27 I Address select line 1. To select internal registers.
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SYMBOL DESCRIPTION

A0 28 | Address select line 0. To select internal registers. -

RXRDY* 29 (0] 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 (o) 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 (o] General purpose output. (active low) User defined output.
See bit-3 modem control register (MCR bit-3).

RTS* 32 (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.
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.

DTR* 33 o] 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).
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.

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

RESET 35 | 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 | 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

DSR* 37 | 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.

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

RI* 39 | Ring detect indicator. (active low) A low on this pin indicates
the modem has received a ringing signal from telephone
line.

vCcC 40 | Power supply input.

PROGRAMMING TABLE

>

- 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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ST16C550 ACCESSIBLE REGISTERS

000 RHR bit-7 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
001 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 OoP2* | OP1* | RTS* | DTR*
back
10 1 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
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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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 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 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 FIFOtrigger levelis reached, 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 ST16C550 in the FIFO polled mode of operation.
Since the receiver and transmitter are controlied
separately either one or both 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.

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-8 MHz and dividing it by any divisor from 1
to 2% -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 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|D0 | Source of the mterrupt

11011 (1]0 LSR (Receiver Line Sta-

tus Register)
21]0f(1|0{O RXRDY (Received Data
Ready)
21111 ]|]0{oO0 RXRDY (Receive Data
time out)

TXRDY( Transmitter
“Holding Register Empty)
MSR (Modem Status
Register)

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 1-3:
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.

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”.
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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 FIFOmode ( 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.

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.

= 0-=0
0O~NO O,

LCR BIT-2:
The number of stop bits can be specified by this bit.

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:

Ifthe 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.
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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:
O=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:

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*, 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 re-
ceive 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 com-
pletely received in the shift register. Note that charac-
ter 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 associ-
ated 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
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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. ST16C550 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.

MSR BIT-0:
Indicates that the CTS* input to the ST16C550 has
changed state since the last time it was read.

MSR BIT-1:

Indicates that the DSR* input to the ST16C550 has
changed state since the last time it was read.

MSR BIT-2:

Indicates that the RI* input to the ST16C550 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C550 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-S6:

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)

ST16C550 provides atemporary data registerto store
8 bits of information for variable use.
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BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

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 2.86
115.2K 1

S$T16C550 EXTERNAL RESET CONDITION

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 |
TX High
OP1* High
opP2* High
RTS* High
DTR* High
RXRDY* High
TXRDY* High
INT Low
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AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_.=5.0V + 5% unless otherwise specified.

T, Clock high pulse duration : 50 ns

T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns

T, Baud out rise/fall time 100 ns 100 pF load
T, Address strobe width 30 ns

T, Address setup time 30 ns

T, Address hold time 5 ns

T, Chip select setup time 5 ns

T, Chip select hold time 0 ns

Ty CSOUT delay from chip select 10 25 ns

T, IOR* to DDIS* delay 25 ns 100 pF load
T, Data setup time 15 ns Note: 1

Ty, Data hold time 15 ns Note: 1

T, IOW* delay from chip select 10 ns Note: 1

T IOW* strobe width 50 ns

Te Chip select hold time from IOW* 0 ns Note: 1

T, Wirite cycle delay 55 ns

Tw Write cycle=T +T,, 105 ns

Te Data setup time 10 ns

Te Data hold time 15 25 ns

T,, IOR* delay from chip select 10 ns Note: 1

Ty IOR* strobe width 65 ns

T,, Chip select hold time from IOR* 0 ns Note: 1

Ty Read cycle delay 55 ns

Tr Read cycle=T,,+T, 115 ns

Ty Delay from IOR* to data 35 ns 100 pF load
T Delay from IOW* to output 50 ns 100 pF load

3-90



ST16C550

(]
-]
-
(2]
O
o
[2]
o

AC ELECTRICAL CHARACTERISTICS

T,=25° C, V.=5.0 V = 5% unless otherwise specified.

| symbol

Ty Delay to set interrupt from MODEM 70 ns 100 pF load

Ty Delay to reset interrupt from IOR* 70 ns 100 pF load
input

T, Delay from stop to set interrupt Trek 100 pF load

Ty Delay from IOR* to reset interrupt 200 ns 100 pF load

Ty Delay from initial INT reset to transmit 8 24 *
start

Ta Delay from stop to interrupt 100 ns

T Delay from IOW* to reset interrupt 175 ns

T Delay from stop to set RxRdy 1 rek

Tes Delay from IOR* to reset RxRdy 1 us

T Delay from IOW* to set TxRdy 195 ns

T, Delay from start to reset TxRdy 8 *

N Baud rate devisor 1 251

Note 1:  Applicable only when AS* is tied low
* = Baudout* cycle

52 Pin QFP Package 48 Pin TQFP Package
Sszsssifeaibe $sasss8eBBby
(5] =] [Bl =] [=] [=1 [=] [=] [31 =] [<] =] ]
Ne. (1] [39] Nc. ne [T
os [2] [38] Reser os (2]
ps [3] [37] oer o6 [3]
o7 [4] [36) omr o7 [4]
RCLK 5] [35] Rrs rok [5]
ne. [6] 3] oez ne. [6]
rx [7] ST16C550CQ52 [33] wr ~ [T
> [&] [32] RxrOv* LY
cso [9] 31] a0 cso (6]
cst [10] [30] a1 wt %
cs2 [AT] [29] a2 es
BavDOUT"  [12] [28] Nc. aawoor [12
Ne. [13] [27] Nc.
I el e = 1o (ol RT e (o] TR =T ] T
$333389E5983¢
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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,=25°C, V.,.=5.0 V £ 5% unless otherwise specified.
Symbol _ Parameter ~ Limits | units | conditions
i i Min.  Typ Max L — S
V.o« | Clock input low level -0.5 0.6 Vv
Viex | Clock input high level 3.0 vcc \
\'A Input low level -0.5 0.8 \'
Vi, Input high level 22 vccC \Y
Vo Output low level on all outputs 0.4 \Y lo,= 6 MA
Vou Output high level 24 \ lo= -6 MA
lec Avg power supply current 6 mA
I Input leakage 110 pA
I Clock leakage 10 pA
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CLOCK TIMING

EXTERNAL
CLOCK

) A

X
B
W

CLOCK PERIOD CLOCK PERIOD

BAUDOUT* TIMING

BAUDOUT*

1/2 BAUDOUT*

-/ S S

1/3 BAUDOUT* / \ / \

1/3> BAUDOUT* /

g2
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GENERAL WRITE TIMING

: N =
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MODEM TIMING

Iow*
IOW

RTS*
DTR*

CcD
CTS
DSR

INTX

IOR*
IOR

RI
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05509L1S

Iow

TRANSMIT TIMING
START BIT
—> DATA BITS (5-8) STOP BIT
TX OUT | po|D1|D2| D3| D4 | D5| D6
- > P e D
SDATABITS | PARITYBIT, NEXT
< » o DATA
6 DATABITS ! i START BIT
> S .
7 DATABITS : _»i e T34
|
. |
|
INTX —>| &~ T33 E
o
o
Iow* : i
|
S

16 BAUD RATE CLOCK
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RECEIVE TIMING
START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT \ [ Do|D1|D2|D3|D4| D5 | D6
D) > : | —> D
S DATABITS | PARITYBIT: NEXT
% > b DATA
6 DATABITS ! i START BIT
I
I« gl ! .
7 DATABITS : ! —» H-— T31
.
INTX i :
H—
L
IOR* P
IOR Lo

16 BAUD RATE CLOCK

3-98



ST16C550

]
-
-t
(23
2]
(1]
(2]
o

TXRDY TIMING FOR MODE "0"

START BIT
— DATABITS (5-8) STOP BIT
TX OUTPUT \ |/ po| D1 |D2| D3| D4|D5]| DB
S DATABMS PARITY BIT

h 6 DATABITS -

h 7 DATA BITS g
Iow*
oW
D0-D7

46 | i T47

TXRDY ;/ \g
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TXRDY TIMING FOR MODE "1"

START BIT
— DATA BITS (5-8) STOPBIT

TX OUTPUT \_/700 D1 | D2 | D3 | D4 | D5 | D6

.— N -«

S DATABITS PARITY BIT

o 6 DATABITS -

- 7 DATABITS -
oW+
oW
DO-D7

T46 | - T47

TXRDY / FIFOFULL
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RXRDY TIMING FOR MODE "0"

START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT
(First byte) \ /-.,E DO | D1 | D2 | D3 | D4 | D5 | D6
SDATABITS PARITY BIT
- 6 DATABITS >
b 7 DATABITS .
i T44
RXRDY
IOR*
IOR
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RXRDY TIMING FOR MODE "1"

RX INPUT

RXRDY

IOR*
IOR

START BIT

>
<
P
<
[P
L
[P
L

DATA BITS (5-8) STOP BIT
Pl —p!
Do | b1 | D2 | D3 | D4 | D5 | D6
L ] —p!
5DATABITS PARITY BIT
6 DATABITS - First byte that reaches
> the trigger level

7 DATABITS

> T44

i T45
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STARTECH ST16C1551/1552

Printed May 18, 1993
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

DESCRIPTION ' ' PLCC Package
The ST16C1550/51/52 is a universal asynchronous

receiver and transmitter with 16 byte transmit and esass8bl
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 ST16C18900.28
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 MO-
DEM 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
1.2u CMOS process to achieve low drain power and
high speed requirements.

crs*
RESET
DOTR
ST16C1551CJ28 RTS*
A0

0] At

A2

932288¢®

_FEATURES

e Pin to pin and functional compatible to SSI
73M1550/2550

¢ 16 byte transmit FIFO

¢ 16 byte receive FIFO with error flags

. gﬁdgrg gontrol signals (CTS*, RTS*, DSR*, DTR*, QFP Package

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

¢ Even, odd, orno parity bit generation and detection

o Software compatible with INS8250, NS16C550 233

« 448 kHz transmit/receive operation with 7.372 Bl L L

D1

(48] D2
48]

[47] Do
[46] NC
[48] vec
[@] ne
43 co
@) o
[41) crs
ENC

MHz crystal or external clock source ve o :;a

* 28 Pin plastic-Dip and PLCC package e % we
o Pin-to-pin compatible to ST16C1450/1451 o5 [ om
E‘] NC.

ne [T ST16C1552CQ52 NC

ORDERING INFORMATION

Part number Package Operating temperature
ST16C1550CP28 Plastic-DIP 0°C to+70°C
ST16C1550CJ28 PLCC 0°C to+70°C
ST16C1551CP28 Plastic-Dip 0°C to+70°C
ST16C1551CJ28 PLCC 0°C to+70°C
ST16C1552CQ52 QFP 0°C to+70°C
*Industrial operating range are available
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ST16C1550/51/52
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ST16C1550 SYMBOL DESCRIPTION

ST16C1550/51/52

DO0-D7

TX

cs*

XTAL1

XTAL2

Iow*

GND

IOR*

RI*

INT

10

11

12

13

14

15

16

17

18

/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 ST16C1550 receive input circuit. A mark
(high) is logic 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.

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
ST16C1550 / 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.

Signal and power ground.

Read strobe (active low). A low level on this pin transfers
the contents of the ST16C1550 data bus to the CPU..

Ringdetectindicator (active low). A lowon this pinindicates
the modem has received a ringing signal from telephone
line.

Interrupt output. (three state/active high) This pin goes high
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ST16C1550 SYMBOL DESCRIPTION
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(when enabled by the interrupt enable register) whenever a
receiver error, receiver data available, transmitter empty,
or modem status condition flag is detected.

AO0-A2 21-19 | Address select line. To select internal registers.

RTS* 22 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.
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.
DTR* 23 (0] Data terminal read (active low). To indicate that

ST16C1550 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a“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.

RESET 24 | 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.

CcTS* 25 l 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* 26 | 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* 27 I Carrier detect (active low). A low on this pin indicates the
carrier has been detected by the modem.

VvCC 28 | Power supply input.
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ST16C1551 SYMBOL DESCRIPTION

D0-D7 1-8 110 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 9 I Serial data input. The serial information (data) received
from serial port to ST16C1551 receive input circuit. A mark
(high) is logic 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.

X 10 O 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.

cs* 1 | Chip-select (active low). A low at this pin enables the
ST16C1551 / CPU data transfer operation.

CLK 12 1 External clock input. An external clock can be used to clock
internal circuit and baud rate generator for custom transmis-
sion rates.

IOW* 13 | Write strobe (active low). A low on this pin will transfer the

contents of the CPU data bus to the addressed register.
GND 14 (o) Signal and power ground.

IOR* 15 | Read strobe (active low). A low level on this pin transfers
the contents of the ST16C1551 data bus to the CPU..

RI* 16 | Ringdetect indicator (active low). A low onthis pinindicates
the modem has received a ringing signal from telephone
line.

RST 17 (o] Reset output (active high). The ST16C1551 provides a
buffered reset output which is gated internally with MCR bit-
2.

INT 18 (0] Interrupt output. (three state/ active high) This pin goes high
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ST16C1551 SYMBOL DESCRIPTION

si‘gnaljyﬁé ! -

A0-A2

RTS*

DTR*

RESET

CcTS*

DSR*

CcD*

VCC

21-19

22

23

24

25

26

27

28

(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
ST16C1551 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
does not have any effect on the transmit or receive opera-
tion.

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

Power supply input.
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ST16C1551/1552

PROGRAMMING TABLE

i >
N

OO0O—_aa~,000O0
0CO0O=2002-200 ¢
a0 mO0O=mO0O—_,0-=0

Receive Holding Register
Interrupt Status Register
Line Status Register

Modem Status Register
Scratchpad 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
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ST16C1550 ACCESSIBLE REGISTERS

1]
-]
-t
o
Q
)
o
o
14
o
-t
S~
o
N

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
001 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 o/ 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

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

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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ST16C1551/52 ACCESSIBLE REGISTERS

'A2A1A0 | Register | BIT7 | BIT-6 | BITS | BIT4 | BIT-3 | BIT2 | BIT1 | BIT0
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
001 IER 0 0 0/ 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 0/ 0/ 0/ 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
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
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
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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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 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 FIFOtrigger levelis reached, 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 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-8 MHz and dividing it by any
divisor from 1 to 2 -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:
0=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 4-7:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C1550/51/52 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
ST16C1550/51/52 provides the highest interrupt
level to be serviced by CPU. No other interrupts are
acknowledged until the particularinterrupt is serviced.
The following are the prioritized interrupt levels:

Priority level

P 3|02 D1]D0 | Source of the interrupt

110|111} 0| LSR (ReceiverLine Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Received Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

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:

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 bitisthe compliment of TXRDY* (ST16C550) pin.
O=transmitter is full

1=transmitter is empty or less than full

ISR bit-5:

This bit is the compliment of RXRDY* (ST16C550)
pin.

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.
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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=Not used

FCR BIT 4-5:
These bits are used to set the transmit trigger levels.

FCR BIT 6-7:
These bits are used to set the trigger level for the
receiver FIFO interrupt.

BIT7 | BIT6 FIFO 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-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 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 the
number of 1’s in the transmitted data, receiver also
checks for same format.

LCR BIT-6:

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.
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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.
1=force RTS* output to low.

MCR BIT-2:
O=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:

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*, andRI* 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:

0=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 re-
ceive 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 com-
pletely received in the shift register. Note that charac-
ter 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
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a valid stop bit. In the FIFO mode this error is associ-
ated 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:

=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.

MSR BIT-0:
Indicatesthatthe CTS*inputtothe 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 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 equivalent to 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.
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BAUD RATE GENERATOR PROGRAMMING

TABLE (1.8432 MHz CLOCK):

S$T16C1550/51/62 EXTERNAL RESET CONDI-
TION

 BAUDRATE | 16xCLOCK | %ERR —
50 2304 IER IER BITS 0-7=0
75 1536 ISR ISR BIT-0=1, ISR BITS 1-7=0
110 1047 0.026 LCR LCR BITS 0-7=0
134.5 857 0.058 MCR MCR BITS 0-7=0
150 768 LSR LSR BITS 0-4=0,
300 384 LSR BITS 5-6=1 LSR, BIT 7=0
600 192 MSR MSR BITS 0-3=0,
1200 96 MSR BITS 4-7=input signals
2400 48 FCR FCR BITS 0-7=0
3600 32
4800 24
7200 16
9600 12 _
19.2K 6 : - ,
38.4K 3 TX High
56K 2 2.86 SOFT reset High
115.2K 1 RTS* High
DTR* High
INT Three state
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AC ELECTRICAL CHARACTERISTICS
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T,=25° C, V,.=5.0 V = 5% unless otherwise specified.

Symbol |  Parameter

T, Clock high pulse duration 50 ns

T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns

T, Chip select setup time 5 ns

T, Chip select hold time 0 ns

T, Data set up time 15 ns

T, Data hold time 15 ns

T IOW* delay from chip select 10 ns

Tes IOW* strobe width 50 ns

T Chip select hold time from IOW* Y ns

T, Write cycle delay 55 ns

Tw Write cycle=T +T,, 105 ns

Ty Data hold time 15 ns

T, IOR* delay from chip select 10 ns

Ty, IOR* strobe width 65 ns

T, Chip select hold time from IOR* 0 ns

Ty Read cycle delay 55 ns

Tr Read cycle=T,,+T, 115 ns

Ty Delay from IOR* to data 35 ns 100 pF load
Ty Delay from IOW* to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load

input
To Delay to reset interrupt from IOR* 70 ns 100 pF load
Ty Delay from stop to set interrupt 1rek ns 100 pF load
T, Delay from IOR* to reset interrupt 200 ns 100 pF load
L Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
T 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 mwW
DC ELECTRICAL CHARACTERISTICS
T,=25°C, V_ =5.0V + 5% unless otherwise specified.
Viek | Clock input low level -0.5 0.6 \
Viex | Clock input high level 3.0 vcc \"
' Input low level -0.5 0.8 \"
Vi Input high level 22 vcc \
Vo Output low level on all outputs 0.4 \" I,.=6 mA
Vou Output high level 24 \ lo= -6 MA
lee Avg. power supply current mA
I, Input leakage +10 pA
lo, Clock leakage 10 HA

28 PIN PLASTIC-DIP ST16C1550

D1
D2

D4

D7

RX

™
cs*
XTAL1
XTAL2
ow*

ElEIRIEIE =11« ][=1[]1[=1[+]

N

ST16C1550CP28

GIEIEIERIENEIRIEIRIEIB]R]R]

vcec
cD*

DSR*

RESET
DTR*
RTS*
A0

Al

RI*
IOR*
GND
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MODEM TIMING
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CcD
CTS
DSR

INTx

IOR*

RI

> T28

CLOCK TIMING
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CLOCK
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T ! P
« o s > -

it

>
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Ly

CLOCK PERIOD

CLOCK PERIOD
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RECEIVE TIMING
START BIT
> DATABITS (5-8) STOP BIT
RX INPUT \ (___ DO | D1 | D2 | D3 | D4 | D5 | D6 -\—/—
E » ! | > [P —
SDATABITS | PARITYBIT! NEXT
e U DATA
6 DATABITS ; i START BIT
A > ! ;
7 DATABITS ; i —» - T31
P
.
INTX E !
U
o
L
ro
IOR* ! !
|

16 BAUD RATE CLOCK
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ST16C2550

Printed May 17, 1993

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

DESCRIPTION

The ST16C2550is a dual asynchronous receiver and
transmitter with 16 byte transmit and receive FIFO.
Independent programmable baud rate generators are
provided to select transmit and receive clock rates
" from 50Hz to 448kHz for each UART.

The ST16C2550 is an improved version of the
NS16C550 UART with higher operating speed and
lower access time. The ST16C2550 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 ST16C2550
provides internal loop-back capability for on board
diagnostic testing.

The ST16C2550 is fabricated in an advanced 1.2u
CMOS process to achieve low drain power and high
speed requirements.

FEATURES

¢ Pinto pin and functional compatible to ST16C2450

¢ 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, orno parity bit generation and detection’

« Status report register

¢ Independent transmit and receive control

o TTL compatible inputs, outputs )

« Software compatible with INS8250, NS16C550

. ©448 kHz transmit/receive operation with 7.372

MHz crystal or external clock source

‘ORDERING WrORMATION

Part number ~ Package Operating temperature
ST16C2550CP40 Plastic-DIP 0°C to+70°C
ST16C2550CJ44 PLCC 0°C to+70°C
*Industrial operating range are available

PLCC Package

£ x5
sanssR8sfigd
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SYMBOL DESCRIPTION

D0-D7 1-8 110 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 10,9 | Serial datainput A/B. The serial information (data) received
from serial port to ST16C2550 receive input circuit. A mark
(high) is logic 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 11,12 (o] 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.

CS A/B* 14,15 | Chip select A/B. (active low) A low at this pin enables the
ST16C2550 / CPU data transfer operation.

XTALA1 16 | 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 17 | 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.

IOR* 21 | Read strobe. (active low) A low level on this pin transfers
the contents of the ST16C2550 data bus to the CPU.

AO0-A2 28-26 | Address select lines. To select internal registers.

INT A/B 30,29 (0] 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

Symbol |  Pin Signal Type Pin Description

OP2 A/B* 31 (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 pin is enabled via OP2*. See bit-3 modem control
register (MCR bit-3).

RTS A/B* 32,24 0] 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.

DTR A/B* 33,34 (o] 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-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.

RESET 35 | 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 A/B* 36,25 | 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* 37,22 | Data set ready A/B (active low). A low on this pin indicates
the MODEM is ready to exchange datawith UART. This pin
does not have any effect on the transmit or receive opera-
tion.

CD A/B* 38,19 l Carrier detect A/B (active low). A low on this pin indicates
the carrier has been detected by the modem.

RI A/B* 39,23 | 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

VCC 40 | Power supply input.

GND 20 o Signal and power ground.

TXRDY A/B 1,12** o Transmit ready. (active high) 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* (0] Receive ready. (active low) This pin goes low when the

receive FIFO is full. It can be used as a single or multi-
transfer.

** Available on the PLCC package only.

PROGRAMMING TABLE
A2 | A1 | AD | READMODE | WRITEMODE
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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ST16C2550 ACCESSIBLE REGISTERS A/B

s | s | Bir4 | Birs | i

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 FCR RCVR | RCVR 0 0 DMA XMIT | RCVR | FIFO
1 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 INT Not RTS* | DTR*
back | enable | used
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-§ 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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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 as the
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhen the FIFOtrigger levelis reached, 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 ST16C2550in 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 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-8 MHz and dividing it by any divisor from 1
to 2% -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:
=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 |D0 | Source of the interrupt

1101 1]1]0 LSR (Receiver Line Sta-

tus Register)
210}110}0O RXRDY (Received Data
Ready)
211|110 0 | RXRDY (Received Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

ISR BIT-0:

O=aninterrupt is 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.

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".
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Transmit operation in mode “0”:

When ST16C2550 is in ST16C450 mode ( FCR bit-
0=0) orinthe 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.

BIT7 | BIT6 | FIFOtriggerlevel
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| BITO |  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.
_BIT-2 | Wordlength | 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 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.
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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 (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:
0O=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*, 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 re-
ceive 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 com-
pletely received in the shift register. Note that charac-
ter 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 associ-
ated with the character at the top of the FIFO.
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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. 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)

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 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 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. Itisthe 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.
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BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

1200
2400
3600
4800
7200
9600
19.2K
38.4K
56K
116.2K

0.026
0.058

2.86

S§T16C2550 EXTERNAL RESET CONDITION

IER
ISR
LCR
MCR
LSR

MSR

FCR

IER BITS 0-7=0

ISR BIT-0=1, ISR BITS 1-7=0
LCR BITS 0-7=0

MCR BITS 0-7=0

LSR BITS 0-4=0,

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

MSR BITS 4-7=input signals
FCR BITS 0-7=0

Three state mode
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V..=5.0 V £ 5% unless otherwise specified.

~ Parameter
T, Clock high pulse duration 50 ns
T, Clock low pulse duration 50 ns | External clock
T, Clock rise/fall time 10 ns
T, Chip select setup time 5 ns
T, Chip select hold time 0 ns
T, Data set up time 15 ns
T, Data hold time 15 ns
T, IOW* delay from chip select 10 ns
Ty IOW* strobe width 50 ns
Ty Chip select hold time from IOW* 0 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
Ty Data hold time 15 ns
T, IOR* delay from chip select 10 ns
T,, IOR* strobe width 65 ns
T, Chip select hold time from IOR* 0 ns
T, Read cycle delay 55 ns
Tr Read cycle=T,+T,, 115 ns
Ty Delay from IOR* to data 35 ns | 100 pF load
Ty Delay from |OW* to output 50 ns | 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load
input
Ts Delay to reset interrupt from IOR* 70 ns | 100 pF load
T, Delay from stop to set interrupt 1rek ns 100 pF load
T, Delay from IOR* to reset interrupt 200 ns | 100 pF load
Ty Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
T Delay from IOW* to reset interrupt 175 ns
Ty Delay from initial Write to interrupt 16 24 *
N Baud rate devisor 1 2161

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,=25°C, V_=5.0 V + 5% 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 Limits |
Ve« | Clock input low level -0.5 0.6
Viexk | Clock input high level 3.0 vcc
\'A Input low level -0.5 0.8
Vi, Input high level 22 vcc
Vo Output low level on all outputs 04
Vou Output high level 24
lee Avg. power supply current 6
I Input leakage 110
le, Clock leakage 110

35 3<<<<<x<

o= 6 MA
o= -6 MA
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MODEM TIMING

>l T28

RTS*
DTR*

CD
CTS
DSR

INTx

T30 —» 29 i

IOR*

RI

CLOCK TIMING
T2

EXTERNAL
CLOCK /

1 >
L

CLOCK PERIOD CLOCK PERIOD

Yo
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TRANSMIT TIMING
START BIT
—p DATA BITS (5-8) STOP BIT
TX OUT | Do | D1 | D2| D3| D4| D5 | D6
o - :
SDATABITS | PARITYBIT. NEXT
- > ! DATA
6 DATABITS : START BIT
< N
7 DATABITS l —» H— T34
1 H
, , ;
H i
INTx e TS !
| |
1
1
1
i
|
1
1

P [T T T AU IR

Iow* A—\_/

16 BAUD RATE CLOCK
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RECEIVE TIMING
START BIT
— DATABITS (5-8) STOP BIT
RX INPUT \ [ oo| Dt | D2|D3|D4| D5 | DB
< > I H
SDATABITS | PARITYBIT. NEXT
« - i DATA
6 DATABITS | START BIT
L ! R
7 DATABITS L o e T3
'
. '
INTx ! !
| 1
I
b
b
e
IOR* ! ||
I

16 BAUD RATE CLOCK
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RXRDY TIMING FOR MODE "0"

START BIT
> DATABITS (5-8) STOP BIT
gé?:ylg) \ f DO | D1 | D2 | D3 | D4 | D5 | D6
S DATABITS PARITY BIT
b 6 DATABITS >
- 7 DATABITS >
> T44

RXRDY

> T45

IOR* \ /-
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RXRDY TIMING FOR MODE "1"

RXINPUT

RXRDY

IOR*

START BIT
DATA BITS (5-8)

STOP BIT

D6

) 4

5 DATABITS

6 DATABITS

—p
\ /| DO | D1 | D2 | D3 | D4 | D5

PARITY BIT

7 DATABITS

\ 4

First byte that reaches
the trigger level

> T44

> T45
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TXRDY TIMING FOR MODE "0"

START BIT
— i DATA BITS (5-8) STOP BIT

[ —>i
TX OUTPUT \ / oo|Dt|D2|D3| D4/ D5| D6

[ > >

SDATABITS PARITY BIT

h 6 DATA BITS .

b 7 DATABITS -
D0-D7 1 eyEst X

T46 M —b H— T47

TXRDY ;/ \
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TXRDY TIMING FOR MODE "1"

TX OUTPUT

IOW*

D0-D7

TXRDY

START BIT
— DATA BITS (5-8) STOP BIT
\ / Do|Dt|D2|D3]|D4| D5 D6
- —i
SDATABITS PARITY BIT
- 6 DATABITS -
- 7 DATA BITS i
T46 —p n— T47

/FIFO FULL
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STARTECH ST16C2552

Printed May 17, 1993
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

PLCC Package

The ST16C2552is a dual asynchronous receiver and
transmitter with 16 byte transmit and receive FIFOs. £ .,
Independent programmable baud rate generators are saussB8s8Ed
provided to select transmit and receive clock rates

from 50Hz to 448kHz for each UART. os MEIFFH El SIEEIER -
The on board status registers of the ST16C2552 os ™,
provide the error conditions, type and status of the o7 oTRa
transfer operation being performed. Complete MO- o —
DEM control capability and a processor interrupt oo ST16C2562CJ44 NTA
system that may be software tailored to the user's e e
requirements are included. The ST16C2552 provides a2 -
internal loop-back capability for on board diagnostic enseL coe:
testing. e osrer
Signalling for DMA transfers is done through two pins

per channel ( TXRDY*, RXRDY* ). The RXRDY* BEshsBsBRER
function is multiplexed on one pin with the OP2* and g = 8%

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, or no parity bit generation and detection

o Status report register

¢ TTL compatible inputs, outputs

o Independent transmit and receive control

o Software compatible with INS8250, NS16C550

® 448 kHz transmit/receive operation with 7.372
MHz crystal or external clock source

Of
Part number Package Operating temperature
ST16C2552CJ44 PLCC 0°C to+70°C

ST16C25521J44 PLCC -40°C to +85°C
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ST16C2552

SYMBOL DESCRIPTION

' _,‘:s”ignal‘TyP‘e.‘: .

_ Pin Description

D0-D7

RX A/B

TXA/B

cs*

CHSEL

XTALA1

XTAL2

IowW*

IOR*

AO-A2

2-9

39,25

38,26

18

16

11

13

20

24

10,14,15

le}

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 mark
(high) is logic 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.

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.

Chip select. (active low) A low at this pin enables the
ST16C2552 / CPU data transfer operation.

UART A/B select. 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 B

PinDescripion

INT A/B

MF A/B*

TXRDY A/B

RTS A/B*

DTR A/B*

RESET

3519

1,32

36,23

37,27

21

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 pinis 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 high) 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).
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.
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SYMBOL 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 onthe
transmit or receive operation.

DSR A/B* 41,29 | Data set ready A/B (active low). A low on this pin indicates
the MODEM s ready to 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.

vCcC 33,44 | Power supply input.
GND 12,22 (o) Signal and power ground.
PROGRAMMING TABLE

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

0 1 0

Alternate Function Register Alternate Function Register
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ST16C2552 ACCESSIBLE REGISTERS A/B

bit-7 bit-5 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
001 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 0/ 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 OoP2* | 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-§ 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
010 AFR 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 in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-DO0) 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) 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 asthe
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhen the FIFOtrigger levelis reached, 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 ST16C2552 in the FIFO polled mode of operation.
Since the receiver and transmitter are controlled
separately either one or both 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
of taking any clock input from DC-8 MHz and dividing
it by any divisor from 1 to 2'®-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.
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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 other interrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

LSR (Receiver Line Sta-

tus Register)

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

211 (1]0] 0 | RXRDY (Receive Data
time out)

TXRDY(  Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

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 1-3:
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”when the 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.

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™. :
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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 register in both UARTs. This function is in-
tended to reduce the dual UART initialization time. It
can be used by CPU when both channels are initial-
ized 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.

BIT-2| BITA | MF*Function
o | o op2*
o | 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.
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BT |
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0O ~NOO;

LCR BIT-2:
The number of stop bits can be specified by this bit.

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:
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 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:

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*, 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 .
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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 re-
ceive 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 com-
pletely received in the shift register. Note that charac-
ter 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 associ-
ated 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. 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.

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.
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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)
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 CK | % ERROR

0.026
0.058

1200
2400
3600
4800
7200
9600
19.2K
38.4K
56K
115.2K

2.86

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 | RESETSTATE
X High
oP2* High
RTS* High
DTR* High
INT Low
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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,=25° C, V_=5.0 V £ 5% unless otherwise specified.

Ve | Clock input low level -0.5 0.6 \

Vi | Clock input high level 3.0 vcC Vv

V, Input low level -0.5 0.8 \

Vi, Input high level 22 vcc \

Vo Output low level on all outputs 0.4 \ o, =6 MA
Vou Output high level 2.4 \ low= -6 MA
lec Avg. power supply current 6 mA

I Input leakage 10 pA

I Clock leakage 10 HA
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AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_.=5.0 V + 5% unless otherwise specified.

Symbol Parameter Limits | Units |  Conditions
— £ ‘Min Typ Max | i S
T, Clock high pulse duration 50 ns
T, Clock low pulse duration 50 ns | External clock
T, Clock rise/fall time 10 ns
T, Chip select setup time 5 ns
T, Chip select hold time 0 ns
T, Data set up time 15 ns
T, Data hold time 15 ns
T, IOW* delay from chip select 10 ns
T IOW* strobe width 50 ns
T Chip select hold time from IOW* 0 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
Ty Data hold time 15 ns
T, IOR* delay from chip select 10 ns
T, IOR* strobe width 65 ns
T, Chip select hold time from IOR* 0 ns
Ty Read cycle delay 55 ns
Tr Read cycle=T,,+T,, 115 ns
Ty Delay from IOR* to data 35 ns | 100 pF load
T, Delay from IOW* to output 50 ns | 100 pF load
T, Delay to set interrupt from MODEM 70 ns | 100 pF load
input
Ty Delay to reset interrupt from IOR* 70 ns | 100 pF load
T, Delay from stop to set interrupt ek ns | 100 pF load
Ty, Delay from IOR* to reset interrupt 200 ns | 100 pF load
Ty Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
Ty Delay from IOW* to reset interrupt 175 ns
Te Delay from initial Write to interrupt 16 24 *
N Baud rate devisor 1 2161
Note 1: * = Baudout* cycle
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MODEM TIMING

Iow*

RTS*
DTR*

CD
CTS
DSR

INTx

IOR*

RI

CLOCK TIMING

EXTERNAL
CLOCK

T2

CLOCK PERIOD

CLOCK PERIOD
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TRANSMIT TIMING
START BIT
—bi DATA BITS (5-8) STOP BIT
TX OUT | o | D1 |D2| D3| D4| D5 | D6 U
e > L e i
SDATABITS ! PARITYBIT! NEXT
< » DATA
6 DATABITS START BIT
7 DATABITS i i —»i e T34
. 1 |
| |
INTx > o T3 |
|
JoW* ___\__/

16 BAUD RATE CLOCK
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RECEIVE TIMING
START BIT
b DATA BITS (5-8) STOP BIT
RX INPUT \ [/ oo|Dp1|Dp2|D3|D4]|D5]| D6
SDATABITS | PARITYBIT NEXT
« oL DATA
6 DATABITS L START BIT
|
< P I .
7 DATABITS . | le 31
INTx .
T
-
| T
IOR* ; i
| L

16 BAUD RATE CLOCK
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RXRDY TIMING FOR MODE "0"

START BIT
— DATA BITS (5-8) STOP BIT
et byte) \ [ po|ot|p2|D3| 04|05 | D6
S DATABITS PARITY BIT
6 DATA BITS -
h 7 DATABITS -
> T44

RXRDY

i T45

IOR* \ /
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RXRDY TIMING FOR MODE 1"

START BIT
i DATA BITS (5-8) STOP BIT
RXINPUT \ /| DO | D1 | D2 | D3 | D4 | D5 | D6
SDATABITS PARITY BIT
6 DATABITS - First byte that reaches
I > the trigger level
7 DATABITS
“»iT44

RXRDY

—»iT45

IOR* \ /
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TXRDY TIMING FOR MODE "0"

START BIT
— DATA BITS (5-8) STOP BIT
TX OUTPUT \ / Do| Dt |D2|D3|D4|D5] D6
5DATABITS PARITY BIT

- 6 DATABITS .

b 7 DATA BITS ks
low* M
D0-D7 {eyrE# X

T46 ” — H— T47

TXRDY /f \
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TXRDY TIMING FOR MODE "1"

TX OUTPUT

Iow*

D0-D7

TXRDY

DATA BITS (5-8)

STOP BIT

A4

y

v

>
PARITY BIT

]

g

/ FIFO FULL
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STARTECH ST16C554D

QUAD ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

‘DESCRIPTION - _ PLCC Package
The ST16C554 is a universal asynchronous receiver
and transmitter with 16 byte transmit and receive g
FIFO. A programmable baud rate generator is §x898s88a38858 § 89258
provided to select transmit and receive clock rates =LEL A FLFLRLFL L ELELELEL E Bl ELELE]
from 50Hz to 448kHz. osa ) oo
The ST16C554 is an improved version of the crse [59) asr
NS16C550 UART with higher operating speed and - % o
lower access time. The ST16C554 on board status Rron ) rrsor
registers provides the error conditions, type and g [55) wmo
status of the transfer operation being performed. o o =
Included is complete MODEM control capability, and ow ST16C554CJ68 52 ox
a processor interrupt system that may be software - %’ -
tailored to the user’s requirements. The ST16C554 e %) wic
provides internal loop-back capability for on board Rise (%] wisc
diagnostic testing. oo o
The ST16C554 is fabricated in an advanced 1.2u as %) s
CMOS process to achieve low drain power and high s 4 ose
speed requirements. EEREEEREEREREREREER
ﬁ%’%g%*‘s;#mggﬁ Y
_FEATURES
¢ Pin to pin and functional compatible to ST16C454
* 16 byte transmit FIFO
¢ 16 byte receive FIFO with error flags . ¥
« Modem control signals (CTS*, RTS*, DSR*, DTR*, 5528cs8388358:3888
RI*, CD* o] =] ] fel ol [+1 o1 5] ] (3] (51 (8] (] 8 ]
e Programmable character lengths (5, 6, 7, 8) o o i
o Even, odd, or no parity bit generation and detection . g
o Status report register we [ o0
e Independent transmit and receive control w1 i
o wa (%] o
o TTL compatible inputs, outputs cor =
« Software compatible with INS8250, NS16C550 @] o
448 kHz transmit/receive operation with 7.372 - % STiecssibere -
MHz crystal or external clock source e [ o
Rvs: % RT;
oo [ vee
T ; T ome  [24] OTRC
ORDERING INFORMATION -~ % -
BlEREEEREEBEIEEEIERIE
Part number Package Operating temperature ey IIREE2YLE
ST16C554CJ68 PLCC 0°C to+70°C §rEy: fgfgese=s
ST16C5541J68 PLCC -40°C to+85°C
ST16C554DCJ68 PLCC 0°C to+70°C

ST16C554D1J68 PLCC -40°C to+85°C
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TXRDY
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XTAL1
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RTSA*, DTRA*
RTSB*, DTRB*
RTSC* DTRC*
RTSD*, DTRD*

CTSA*, DSRA*
CTsB*, DSRB*
CDA*, RIA*
cDB*RIB*
CTSC*, RTSC*
CDC* RIC*
CTSD*, RTSD*
CDD* RID*
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SYMBOL DESCRIPTION
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| Symbol |  Pin Signal Type | _ PinDescription

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 ST16C554 receive input circuit. A mark
(high) is logic 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. 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.

CS A-B* 16,20

CS C-D* 50,54 | Chip select. (active low) A low at this pin enables the
ST16C554 / CPU data transfer operation. Each UART
sections of the ST16C554 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 (o] Crystal input 2 or buffered clock output. See XTAL1.

IowW* 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 (0] Signal and power ground.

IOR* 52 | Read strobe. (active low) A low level on this pin transfers
the contents of the ST16C554 data bus to the CPU.
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SYMBOL DESCRIPTION

(0]

Transmit ready. (active high) This pin goes high when the
transmit FIFO of the ST16C554 is full. It can be used as a
single or multi-transfer.

Address select line 2. To select internal registers.
Address select line 1. To select internal registers.
Address select line 0. To select internal registers.

Receive ready. (active high) This pin goes high when the
receive FIFO is full. It can be used as a single or multi-
transfer.

Interrupttype select. Enable /disable the interruptthree
state function. Normal interrupt output can be selected
by connecting this pinto VCC ( MCR bit-3 does not have
any effect on the interrupt output ). The three state
interrupt outputis selected when this pinis left open or
connected to GND and MCR bit-3 is set to “1”.

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.
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 ready. (active low) To indicate that
ST16C554 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.

TXRDY 39
A2 32
A1 33
A0 34
RXRDY* 38
INTSEL 65
INT A-B 15,21
INT C-D 49,55
RTS A-B* 14,22
RTS C-D* 48,56
DTR A-B* 12,24
DTR C-D* 46,58
** ST16C554D PARTS ONLY

3-172



ST16C554
ST16C554D

SYMBOL DESCRIPTION

(7]
—
-
(23
O
(4]
[’
&
(2]
(2
H
O

 PinDescription
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.

RESET 37 | 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 A-B* 11,25

CTS C-D* 45,59 | 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 A-B* 10,26

DSR C-D* 44,60 | 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 A-B* 9,27

CD C-D* 43,61 I 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.

vCcC 13,30

vCcC 47,64 | Power supply input.
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ST16C554 ACCESSIBLE REGISTERS

 A2A1A0 |Register | BIT7 | 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
001 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 INT Not RTS* | DTR*

back | enable | used

101 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
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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PROGRAMMING TABLE

3
N
>
=

Line Status Register

Scratchpad Register

OO0~ aaao000O0O
coaas0c0a-o0c0 | 2
R R R

Receive Holding Register

Interrupt Status Register

Modem Status 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

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-DO0) 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 RXis 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 FIFOtrigger levelis reached, 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 ST16C554 in the FIFO polled mode of operation.
Since the receiver and transmitter are controlled
separately eitherone orboth can be in the polled mode
operation by utilizing the Line Status Register.
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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 ST16C554 requires to have two step FIFO enable
operation in order to enable receive trigger levels.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C554 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-8 MHz and dividing it by any divisor from 1
to 2% -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 ST16C554 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 ST16C554
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

upt

LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Receive Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status

Register)

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 1-3:
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
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ST16C450 mode. BIT 6-7: are setto “1”in ST16C554
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 ST16C554 is 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 ST16C554 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 charac-

ters in the receiver.

Transmit operation in mode “1”:

When ST16C554 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 ST16C554 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.

aao0o0

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

0 0
0 1
1 0
1 1
LCR BIT-2:

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

 BIT-2 | Word length | Stop bit(s)

0 56,7, 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'sin 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-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).
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.

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.

MCR BIT-3:
O=set the INT A-D output pin to three state mode..
1=Enable the INT A-D output pin (ST16C554 only).

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*, 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 .

3-178



ST16C554
ST16C554D

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 re-
ceive 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 com-
pletely received in the shift register. Note that charac-
ter 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 associ-
ated 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-§:

O=transmit holding register is full. ST16C554 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 inthe 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

MSR BIT-0:
Indicates that the CTS* input to the ST16C554 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST16C554 has
changed state since the last time it was read.

MSR BIT-2: -
Indicates that the RI* input to the ST16C554 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C554 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.
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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. 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)
ST16C554 provides a temporary data register to store

8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

"BAUDRATE | 16xCLOCK [ %ERROR
... .| DINSOR | o
50 2304
110 1047 0.026
150 768
300 384
600 192
1200 96
2400 48
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 2.86
115.2K 1

S$T16C554 EXTERNAL RESET CONDITION

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 | RESETSTATE
X High
RTS* High
DTR* High
RXRDY* High
TXRDY* High
INT Three state mode
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V.=5.0 V + 5% unless otherwise specified.

Symbol | ~ Parameter |  limits | Units| C
T, Clock high pulse duration 50 ns
T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns
T, Chip select setup time 5 ns
T, Chip select hold time 0 ns
T, Data setup time 15 ns
T, Data hold time 15 ns
T, IOW* delay from chip select 10 ns
T IOW* strobe width 50 ns
Te Chip select hold time from IOW* 0 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
T, Data hold time 15 25 ns
T,, IOR* delay from chip select 10 ns
Ty IOR* strobe width 65 ns
T, Chip select hold time from IOR* 0 ns
T, Read cycle delay 55 ns
Tr Read cycle=T,,+T, 115 ns
Ty Delay from IOR* to data 35 ns 100 pF load
Ty Delay from IOW* to output 50 ns 100 pF load
Ty Delay to set interrupt from MODEM 70 ns 100 pF load
input
Ty Delay to reset interrupt from IOR* 70 ns 100 pF load
T, Delay from stop to set interrupt 1ok ns 100 pF load
T, Delay from |IOR* to reset interrupt 200 ns 100 pF load
Ty Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
Ta Delay from IOW* to reset interrupt 175 ns
T, Delay from stop to set RxRdy LI
Tes Delay from IOR* to reset RxRdy 1 us
T Delay from IOW* to set TxRdy 195 ns
Ty Delay from start to reset TxRdy 8 *
N Baud rate devisor 1 261
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,=25° C, V_=5.0 V + 5% unless otherwise specified.

7 Volts

GND-0.3V to VCC+0.3V
0°C to +70°C

-40° C to +150° C

500 mW

Parameter

Clock input low level

Clock input high level

Input low level

Input high level

Output low level on all outputs
Output high level

Avg power supply current
Input leakage

Clock leakage

\

Y

\

Y

\} l,,=6 mA
\ l,=-6 mA
mA

pA

pA
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MODEM TIMING

IowW*

RTS*
DTR*

cD
CTS
DSR

INTx

IOR*

RI

> T28

T30 > T29 >

CLOCK TIMING

EXTERNAL
CLOCK

T2

) U

CLOCK PERIOD

T3
- -
T 5 : P
——— -+
‘ , T3
CLOCK PERIOD

3-184



ST16C554

7
ST16C554D =
-
(2]
(@]
(3]
[Z,]
&
(3,
(3]
o
w)
RECEIVE TIMING
START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT \ | po|D1|D2| D3| D4|D5| D6
b 5 DATABITS > o
! PARITYBIT: NEXT
< » L DATA
6 DATABITS ! i START BIT
¢ > I
7 DATABITS b
o
oy
INTx ! !
1
S
| |
1
Lo
| I
IOR* b
oL

»
>

16 BAUD RATE CLOCK
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RXRDY TIMING FOR MODE "0"

RX INPUT
(First byte)

RXRDY

IOR*

START BIT
— DATABITS (5-8) STOP BIT
\ |/ pbo| Dt |D2| D3| D4| D5 | D6
5DATABITS PARITY BIT
h 6 DATABITS -
b 7 DATABITS -
i T44

—»iT45
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RXRDY TIMING FOR MODE "1"

START BIT
i DATA BITS (5-8) STOP BIT
< g —>
RX INPUT \ |/ pbo|D1|D2| D3| D4| D5 | D6
[ ] > —>
SDATABITS PARITY BIT
b 6 DATABITS - First byte that reaches
< > the trigger level
7 DATABITS

RXRDY

IOR*
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TRANSMIT TIMING
START BIT
- DATA BITS (5-8) STOP BIT
TX OUT | Do | D1 |D2| D3| D4| D5 | D6
P > | —> >
> DATABITS PARITY BIT,  NEXT
» > DATA
6 DATABITS START BIT
7 DATABITS “» i« T34
INTx e T

low* __\—/

e e

16 BAUD RATE CLOCK
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TXRDY TIMING FOR MODE "0"

START BIT
— DATA BITS (5-8) STOP BIT
TX OUTPUT 1/ Do | D1 | D2 | D3| D4 | D5 | D6
SDATABITS PARITY BIT
6 DATABITS .
- 7 DATABITS i

jow* _\—/

D0-D7 o BYTE#1 X

46 T

TXRDY ;7 \—‘

3-189



ST16C554/554D

ST16C554
ST16C554D

TXRDY TIMING FOR MODE "1"

TX OUTPUT

IOW*

DO-D7

TXRDY

START BIT

DATA BITS (5-8)

STOP BIT

D1 | D2 | D3 | D4

D5

D6

5 DATABITS

»
»

—»
L
\ [ po

6 DATABITS

) 4

7 DATABITS

) 4

PARITY BIT

T46

> e T47

»i

}/FIFO FULL \
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STARTECH ST68C454

Printed May 17, 1993
QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER

_DESCRIPTION PLCC Package

The ST68C454 is a quad universal asynchronous
receiver and transmitter with modem control signals.
Designed to interface with MOTOROLA,

§:3%:s8ss88s58¢88¢88

ROCKWELL, HITACHI bus and other popular micro- FlEHFENEANHEEEEEEEE
processors. An internal programmable baud rate gen- o ° ot
erator is provided to select transmit and receive clock ow  [i] orRor
rates from 50Hz to 448kHz. = i
The ST68C454 is an improved, quad version of the o~ E g
NS16450 UART with faster operating access time. e [ig] ne
The on board status registers will provide the error o % ot
conditions, type and status of the transfer operations ve (@l S
being performed. Complete MODEM control capabil- s [l M
ity, and a processor interrupt system that may be m"; g :fw
software tailored to the user’s requirements to mini- oo (@] we
mize the computing required to handle the communi- oree Gl orRe:
cations link. i % ase

The ST68C454 is fabricated in an advanced 1.2u
CMOS process to achieve low drain power and high b 85T T IL SRR
speed requirements. §edes gifee R RN

« 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

o Status report register

o TTL compatible inputs, outputs

¢ 448 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
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SYMBOL DESCRIPTION

D7-DO 5-66 110 Bi-directional data 1/O. 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) is logic 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

TX C/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 I Chip select (active low). A low at this pin will enable the
UART A-D CPU data transfer operation.

XTAL1 35 I 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.
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SYMBOL DESCRIPTION

_ Symbol Pin | signal Type Pin Description

DSR A/B* 10,26

DSR C/D* 44,60 | Data set ready A-D. (active low) A low on this pinindicates
that MODEM is ready to exchange data with UART.

RI A/B* 8,28

RI C/D* 42,62 | Ring detect A-D indicator . (active low) A low on this pin
indicates that modem has received a ringing signal from
telephone line.

RTS A/B* 14,22

RTS C/D* 48,56 (o) Requestto 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.

CTS A/B* 11,25

CTS C/D* 45,59 | Clear to send A-D. (active low) The CTS* signal s a
MODEM control function input whose conditions can be
tested by reading the MSR BIT-4. CTS* has no effect onthe
transmitter output.

A4 50 | Address line 4. To select one of the four UARTS.

A3 20 | Address line 3. To select one of the four UARTS.

A2 32 | Address line 2. To select internal registers.

A1 33 | Address line 1. To select internal registers.

AO 34 | Address line 0. To select internal registers.

IRQ* 15 O 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.

DTRA/B* 12,24

DTR C/D* 46,58 (o) Data terminal ready A-D. (active low) To indicate that
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__ Pin Description

SYMBOL DESCRIPTION

_Symbol |  Pin | signal Type |
RESET* 37 [

vce 13,30

vce 47,64 [

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

outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

Power supply input.

()
-
[+
=]
(2]
H
[
H

SERIAL PORT SELECTION GUIDE

A4 | A3 | UARTX
x| x X
0| 0 | UART A
0| 1 | UART B
1| 0o | UART C
1| 1 | UART D
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PROGRAMMING TABLE

READ MODE

»
N
>
-
>
o

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

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 awrite operation should be performed 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 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 RXA-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-8 MHz and dividing it by any divisor from 1

to 2% -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:
0O=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 four level 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 other interrupts are acknowledged until the
particular interrupt has been serviced. The following
are the prioritized interrupt levels:

| -vs'fouii"cé of the interrupt

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-

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 in the 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-6:

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

O=normal operating condition

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
0=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:
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 BIT2-3:
x=not used

MCR BIT -4:

O0=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 OP A-D* are
connected to modem control inputs. In this mode , the
receiver and transmitter interrupts are fully opera-
tional. The Modem Control Interrupts are also opera-
tional, 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 con-
trolled 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 datadid 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:

=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
information.. These bits are set to “1” whenever a
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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 BIT4:
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 ST16C450-OP1 in the MCR.
It is the compliment of the RI* input.

MSR BIT-7:
This bit is equivalent to ST16C450-OP2 in the MCR.
It is the compliment to the CD* input.

SCRATCHPAD REGISTER A-D
ST68C454 provides atemporary data register to store
8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

BAUD RATE | 16xCLOCK | DVISOR
50 2304
75 1536
150 768
300 384
600 192
1200 96
2400 48
4800 24
7200 16
9600 12
19.2 6
38.4K 3
56K 2 2.86
115.2K 1

ST68C454 EXTERNAL RESET CONDITION

REGISTERS | RESETSTATE
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

00O RHR 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
001 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 CcD RI DSR CTS delta delta delta delta
CcD* RI* DSR* | CTSs*

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,=25° C, V_=5.0V £ 5% unless otherwise specified.
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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

Wirite strobe width

Chip select hold time from write
Write cycle delay

Data setup time

Write cycle=T +T,,

Data hold time

Read cycle delay

Read cycle=T +T,,

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

10

50

Rek

200
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

External clock

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,=25° C, V.=5.0 V + 5% unless otherwise specified.
Symbol |  pParameter |  Limits | Units | Conditions
asanasbo e 4 Min  Typ Max il bt et
Viex | Clock input low level -0.5 0.6 \"
Ve | Clock input high level 3.0 vcC \
V. Input low level -0.5 0.8 v
Vi, Input high level 22 VCC v
Voo Output low level 0.4 \ lo,=6 mAonall
outputs
Vou Output high level 24 \" lon= -6 MA
lee Avg. power supply 6 mA
current
I, Input leakage 110 HA
lo, Clock leakage 110 pA
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ST68C454 |

MODEM TIMING

i

>l T28

RTS*
DTR*

CcD
CTS
DSR

T29 i« > 129

IRQ* 3

RI

CLOCK TIMING

T2
EXTERNAL
CLOCK /i
e
CLOCK PERIOD CLOCK PERIOD
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RECEIVE TIMING
START BIT
> DATABITS (5-8) STOP BIT
€ —» >
RX INPUT \ [ oo|D1|D2|D3|D4|D5| D6 \f
D > b e D
SDATABITS | PARITYBIT. NEXT
e > b DATA
6 DATABITS : 5 START BIT
|
e > ;
7 DATABITS o > e T3
L
Lo
IRQ* o
! i
| 1
| |
Lo
b
cs* P
! L

16 BAUD RATE CLOCK
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RW*

TRANSMIT TIMING
START BIT
— DATA BITS (5-8) STOP BIT
TX OUT | Do | D1 | D2| D3| D4 | D5 | D6
o - 1
SDATABITS | PARITYBIT. NEXT
< > b DATA
6 DATABITS ! i START BIT
|
< > I .
7 DATABITS i E —» H— T34
1 ’
IRQ* i I
> i« T33 ! E
L
T
Lo
oL

16 BAUD RATE CLOCK
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ST68C554

Printed May 17, 1993

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER WITH FIFO

DESCRIPTION _

The ST68C554 is a quad universal asynchronous
receiver and transmitter with FIFO and modem con-
trol signals. Designed to interface with MOTOROLA,
ROCKWELL, HITACHI bus and other popular micro-
processors. An internal programmable baud rate gen-
erator is provided to select transmit and receive clock
rates from 50Hz to 448kHz.

The ST68C554 is an improved, quad version of the
NS16550 UART with faster operating access time.
The on board status registers will provide the error
conditions, type and status of the transfer operations
being performed. Complete MODEM control capabil-
ity, and a processor interrupt system that may be
software tailored to the user’s requirements to mini-
mize the computing required to handle the communi-
cations link.

The ST68C554 is fabricated in an advanced 1.2u
CMOS process to achieve low drain power and high
speed requirements.

| FEATURES

o Motorola, Rockwell, Hitachi bus compatible

¢ Quad ST16C550

¢ 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, orno parity bit generation and detection

o Status report register

o TTL compatible inputs, outputs

* 448 kHz transmit/receive operation with 7.372
MHz external clock source

_ORDERING INFORMATION
Part number Package Operating temperature
ST68C554CJ68 PLCC 0°C to+70°C

ST68C5541J68 PLCC -40°C to +85°C

PLCC Package
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TXRDY* < INTERRUPT CONTROL DATA
RXRDY* LOGIC LOGIC BUS
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RTSA*, DTRA*
z RTSB*, DTRB*
y 58 —— RTSC* DTRC*
XTALL ——— 20 BAUD RATE Qm RTSD*, DTRD*
09 »| GENERATOR oz
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SYMBOL DESCRIPTION

Symbol

Signal Type

D7-DO

RX A/B
RX C/D

TXAB

TXC/D

cs*

XTAL1

XTAL2

CD A/B*
CD Cc/D*

GND
GND

5-66

7,29
41,63

17,19

51,53

16

35

36

18

9,27

43,61

6,23,31
40,57

110

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.

Serial data input . The serial information received from
MODEM or RS232 to ST68C554 receive circuit. A mark
(high) is logic 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.

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.

Chip select (active low). A low at this pin will enable the
UART A-D 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. See XTAL1.
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 ST68C554
data bus to the CPU.

Carrier detect A-D (active low). A low on this pin indicates
that carrier has been detected by the modem.

Signal and power ground.
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SYMBOL DESCRIPTION

| Signaiype |

_ PinDescription

DSR A/B*
DSR C/D*

RI A/B*
RI C/D*

RTS A/B*
RTS C/D*

CTS A/B*
CTs C/D*

A4
A3
A2
A1

A0

IRQ*

DTR A/B*
DTR C/D*

10,26
44,60

8,28
42,62

14,22
48,56

11,25
45,59

50
20
32
33

34

15

12,24
46,58

Data set ready A-D. (active low) A low on this pin indicates
that MODEM s ready to exchange data with UART.

Ring detect A-D indicator . (active low) A low on this pin
indicates that modem has received a ringing signal from
telephone line.

Requestto 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 reading the 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
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SYMBOL DESCRIPTION

ST68C554 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.

RESET* 37 | Master reset. (active low) A low on this pin will reset all the
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

VvCC 13,30

VvCcC 47,64 | Power supply input.

TXRDY 39 O Transmit ready (active high). This pin goes high when the
transmit FIFO of the ST68C554 (any one) is full. It can be
used as a single or multi-transfer DMA.

RXRDY* 38 (0] Receive ready (active low). This pin goes low when the

receive FIFO of the ST68C554 is full. It can be used as a
single or multi-transfer DMA.

SERIAL PORT SELECTION GUIDE

1 X X X

0 0 0 UART A
0 0 1 UART B
0 1 0 UART C
0 1 1 UART D

3-211



ST68C554

ST68C554

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 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

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.
Note that a write operation should be performed 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 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 RXA-Dinput. Receiver status
codes will be posted in the Line Status Register A-D.

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 levelisreached, 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 ST68C554 in the FIFO polled mode of operation.
Since the receiver and transmitter are controlled
separately either one or both can beinthe 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.
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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
The ST68C554 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-8 MHz and dividing it by any divisor from 1
to 2'¢ -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

IER BIT 74:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER A-D

The ST68C554 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 ST68C554 pro-

vides the highest interrupt level to be serviced by the
CPU. No other interrupts are acknowledged until the
particular interrupt has been serviced. The following
are the prioritized interrupt levels:

_ Source of the interrupt

LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Receive Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

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 3-5:
These bits are not used and are set zero.

ISR BIT 6-7:
0=Normal mode.
1=FIFO’s 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.
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FCR BIT-0:
0=Disable the transmit and receive FIFO.
1=Enable the transmit and receive FIFO.

FCR BIT-1:

0=No change.

1=Clearsthe 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 ST68C554 is 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 ST68C554 is in 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 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 ST68C554 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 ST68C554 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.

BIT7 | BIT6 | FIFOtriggerievel

0 0 01
0 1 04
1 0 08
1 1 14

LINE CONTROL REGISTER A-D

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.

00=5 bits word length
01=6 bits word length
10=7 bits word length
11=8 bits word length
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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 BIT4:

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

0=o0dd parity is generated by calculating odd number
of 1’s in the 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.

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

LCRBIT-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:
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 BIT2-3:
x=not used

MCR BIT 4:

0=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 OP A-D* are
connected to modem control inputs. In this mode , the
receiver and transmitter interrupts are fully opera-
tional. The Modem Control Interrupts are also opera-
tional, 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 con-
trolled 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
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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 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; ST68C554 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

LSRBIT-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 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
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 ST68C554 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST68C554 has
changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST68C554 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST68C554 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-§:
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 ST16C550-OP1 in the MCR.
It is the compliment of the RI* input.

MSR BIT-7:
This bit is equivalent to ST16C550-OP2 in the MCR.
It is the compliment to the CD* input.

SCRATCHPAD REGISTER A-D
ST68C554 provides atemporary data registerto store

~ 8 bits of information for variable use.
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BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

2.86

BITS 0-7=0
BIT-0=1, BIT-7=0
BITS 0-7=0
BITS 0-7=0

BITS 0-4=0, BITS 5-6=1, BIT-

7=0

BITS 0-3=0, BITS 4-7= input

signals

TXA-D
RTS A-D*
DTR A-D*
IRQ

High
High
High
Three state mode
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ST68C554 ACCESSIBLE REGISTERS

A2A1A0 | Register | BIT- 5 | BIT4 | BIT3 | BIT:2 | BIT4 | 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
001 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 Not Not RTS* | DTR*

back used used

10 1 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
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”.
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V,.=5.0 V £ 5% unless otherwise specified.

Symbol |  Parameter . Limits | Units |  Conditions
T, Clock high pulse duration 50 ns .
T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns
T, Chip select setup time 5 ns
T, Chip select hold time 0 ns
T, Data setup time 15 ns
T, Data hold time from write or CS* 15 ns
T, Write set up time 10 ns
T Write strobe width 50 ns
Ty Chip select hold time from write 15 ns
T, Write cycle delay 45 ns
T, Data setup time 15 ns
Tw Write cycle=T +T,, 105 ns
T, Data hold time 0 ns
T Read cycle delay 25 ns
Tr Read cycle=T +T,, 105 ns
T, Chip select pulse width 75 ns
Ty Delay from Write to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 35 ns 100 pF load

input
T, Delay from stop to set interrupt ek ns 100 pF load
Ts Delay from Read to reset interrupt 200 ns 100 pF load
Ty Delay from initial IRQ* reset to 8 24 *
transmit start
T, Delay from stop to interrupt 100 ns:
Ty Delay from Write to reset interrupt 75 ns
Ty Delay from stop to set RxRdy ek
Ty Delay from read (CS*) to reset RxRdy 1 us
Ty Delay from write to set TxRdy 195 ns
Ty Delay from start to reset TxRdy 8 *

* = Baudout* cycle
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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 5% unless otherwise specified.

_Symbol |  parameter | Limits, Units | Condltions .

Vi | Clock input low level \

Vi | Clock input high level \

vV, Input low level \"

Vi Input high level \Y

Vo Output low level \ l,,.= 6 mA on all

outputs
Vou Output high level 24 \' low= -6 MA
lee Avg. power supply 6 mA
current
I, Input leakage 10 pA
lo Clock leakage 10 HA
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MODEM TIMING

R/W' ————_\_‘/

b T28

RTS*
DTR*

CcD
CTS
DSR

T29 <——>t

IRQ*

RI

CLOCK TIMING

. T2
——>

EXTERNAL /N
CLOCK /i A\

i

i
i€
-

CLOCK PERIOD

CLOCK PERIOD
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RECEIVE TIMING
START BIT
j—> DATABITS (5-8) STOP BIT
RXINPUT \ { DO | D1 D2 | D3 | D4 | D5 | D6
p > | —p >
SDATABITS | PARITYBIT. NEXT
— . Lo DATA
6 DATABITS ! E START BIT
|
L > ! .
7 DATABITS : | > e T31
| !
]
IRQ* : !
! |
| |
oo
It 1}
|
cs* :
|

16 BAUD RATE CLOCK
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RXRDY TIMING FOR MODE "0"

START BIT
b DATA BITS (5-8) STOP BIT
RX INPUT
(First byte) \ ZH Do | D1 | D2 | D3 | D4 | D5 | D6
SDATABITS PARITY BIT
6 DATABITS
- 7 DATABITS >
w T44
RXRDY
cs
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RXRDY TIMING FOR MODE "1"

START BIT
— DATABITS (5-8) STOP BIT
RX INPUT \ |/ po|D1|D2|D3|D4]|D5| D6
SDATABITS PARITY BIT
h 6 DATABITS - First byte that reaches
< > the trigger level
7 DATABITS
> T44

RXRDY
cs*
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TRANSMIT TIMING
START BIT
b DATA BITS (5-8) STOP BIT
TX OUT | | Do | D1 | D2| D3| D4 | D5 | D6
- v i
SDATABITS | PARITYBIT: NEXT
< - o DATA
6 DATABITS - START BIT
| I
I« > |
7 DATABITS Lo
| ]
—
IRQ* i ;
> T33 I i
|
-
|
o
J L

R/W* ‘\—/

16 BAUD RATE CLOCK
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TXRDY TIMING FOR MODE "0"

START BIT
—i DATA BITS (5-8) STOP BIT
TX OUTPUT \ / po|D1|D2|D3]|D4| D5 D6
SDATABITS PARITY BIT

h 6 DATABITS -

- 7 DATA BITS -
e O\
D0-D7 Y eyrEs X

T46 u —» n— T47

TXRDY /
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TXRDY TIMING FOR MODE "1"

START BIT
— DATA BITS (5-8) STOP BIT

TX OUTPUT \_ﬁo D1 | D2 | D3 | D4 | D5 | D6

[ > P

5DATABITS PARITY BIT

b 6 DATABITS .

h 7 DATA BITS i
RIW*
DO-D7

T46 —» H— T47

TXRDY

JE/FIFO FULL \
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STARTECH ST16C452PS

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH PARALLEL
PRINTER PORT

DESCRIPTION PLCC Package
The ST16C452 is a dual universal asynchronous H . s 0§ e, 8 z
receiver and transmitter with a bi-directional 388ebynsfuniiuces
CENTRONICS type parallel printer port. A program- ElElFlEFEMFANHEEEEEEEE
mable baud rate generator is provided to select trans- oo, ° =l o
mit and receive clock rates from 50Hz to 448kHz. Rrse: [17] %] serwe
STARTECH ST16C452PS provides additional fea- e 1) [57) war

. . . . oo [i4] [56] auToFOXT
tures to control the printer port direction without any o1 (@ feg] smoee-
additional external logic. o2 [ig] %] oo
The ST16C452 is an improved version of the 2% ST16C4520.168 %:
VL16C452 UART with higher operating speed and os () (1) poz
lower access time. The ST16C452 on board status o6 (2] [s0] Po3
registers  provides the error conditions, type and o % %:
status of the transfer operation being performed. vee [z (&) Pos
Included is complete MODEM control capability, and e E %:;
a processor interrupt system that may be software o Gl F2) roour

tailored to the user’s requirements. The ST16C452 RIRIEIEIEIEIEIEIEIEIEIEIEIEIE
H

E|
provides internal loop-back capability for on board S35 5 53¥25 %4 E 83¢y
& z

g =

GND/NC.

diagnostic testing. § °
The ST16C452 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 VL16C452,
WD16C452

o Fully compatible with all new bi-directional PS/2
printer port registers.

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

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

¢ Even, odd, orno parity bit generation and detection

« Independent transmit and receive control

o Software compatible with INS8250, NS16C450

e 448 kHz transmit/receive operation with 7.372
MHz crystal or external clock source.

o Bi-directional hardware/software parallel port

 Bi-directional 1/O ports

ORDERING INFORMATION
Part number Package Operating temperature
ST16C452CJ68 PLCC 0°C to+70°C

ST16C4521J68 PLCC -40°C to+85°C
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SYMBOL DESCRIPTION

__Symbol Pin Signal Type _ Pin Description

Do0-D7 14-21 110 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.

A0-A2 35-33 I Address select lines. To select internal registers.

CLK 4 | Clock input. An external clock can be used to clock internal
circuit and baud rate generator for custom transmission
rates.

BIDEN 1 | Printer direction select. A high puts the parallel port in the
input mode for ST16C452AT and software controlied mode
(input/output) to ST16C452PS. Allow setsthe ST16C452to
output mode.

IoOW* 36 | Write strobe (active low). A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

IOR* 37 | Read strobe (active low). A low level on this pin transfers
the contents of the ST16C452 data bus to the CPU.

RDOUT 44 o Read select out (active high). This pin goes high when the
CPU is reading data from the ST16C452 to en/disable the
external transceiver or logic's.

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

CS A/B* 32,3 | Chip select A/B (active low). A low at this pin enables the
serial port-A/B / CPU data transfer operation.

DSR A/B* 31,5 | Data set ready A/B (active low). A low on this pin indicates
the MODEM is ready to exchange datawith UART. This pin
does not have any effect on the transmit or receive opera-
tion.

RI A/B* 30,6 | Ring detect indicator A/B (active low). A low on this pin
indicates the modem has received a ringing signal from

Sd/LvZsrO9LlS
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SYMBOL DESCRIPTION

ST16C452AT/PS

CD A/B*

TXA/B

DTR A/B*

RTS A/B*

RX A/B

CTS A/B*

INT A/B

29,8

26,10

25,11

24,12

41,62

28,13

45,60

telephone line.

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

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.

Data terminal ready A/B (active low). To indicate that
ST16C452 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.

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.

Serial datainput A/B. The serial information (data) received
from serial port to ST16C452 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.

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.

Interrupt output A/B (three state active high) This pin goes
high (when enabled by the interrupt enable register) when-
ever a receiver error, receiver data available, transmitter
empty, or modem status condition flag is detected.
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SYMBOL DESCRIPTION %‘
(7]
| Symbol | Pin | signalType|  PinDescription
CSP* 38 | Parallel printer port chip select (active low). A low at this pin
enables the parallel port / CPU data transfer operation.
PD7-PDO 46-53 110 Bi-directional parallel ports (three state). To transfer data in
or out of the ST16C452 parallel port. PD7-PDO are latched
during output mode.
STROBE* 55 110 General purpose 1/O or strobe output (open drain active
low). To transfer latched data to the external peripheral or
printer.
AUTOFDXT* 56 110 General purpose I/O or line printer auto feed (open drain
active low). To signal the printer for continuous form feed.
INIT* 57 110 General purpose /O or line printer initialize (open drain
active low). To signal the line printer to enter internal
initialization routine.
SLCTIN* 58 110 General purpose I/O or line printer select (open drain active
low). To select the line printer.
ERROR* 63 I General purpose input or line printer error (active low). This
is an output from the printer to indicate an error by holding
it low during error condition.
SLCT 65 | General purpose input or line printer selected (active high).
This is an output from the printer to indicate that the line
printer has been selected.
BUSY 66 | General purpose input or line printer busy (active high). An
output from the printer to indicate printer is not ready to
accept data.
PE 67 | General purpose input or line printer paper empty (active
high). An output from the printer to indicate out of paper.
ACK* 68 | General purpose input or line printer acknowledge (active
low). An output from the printer to indicate that data has
been accepted successfully.
INTP* 59 (0] Printer interrupt output (active low). To signal the state of
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SYMBOL DESCRIPTION

INTSEL*

GND

vCC

43

2,7,22
42,5461

23,40,64

the printer port. This pin tracks the ACK* input pin, When
ACK*islow INTP islow and when ACK* is high INTP is high

| Interrupt select mode. The external ACK* can be selected
as an interrupt source by connecting this pin to the GND.
Connecting this pin to VCC will set the interrupt to latched
mode, reading the status register of the printer section
resets the INTP output.

(o] Signal and power ground. All ground pins are connected
internally.

| Power supply input. All power pins are connected internally.

PROGRAMMING TABLE FOR SERIAL PORTS A/B

| WRTEMODE

OO0 = =2 = =a2a000O0

OO0 22002200 |

OO0 0-=0-=0

Receive Holding Register Transmit Holding Register
Interrupt Enable Register
Interrupt Status Register
Line Control Register
Modem Control Register
Line Status Register
Modem Status Register
Scratchpad Register Scratchpad Register
LSB of Divisor Latch

MSB of Divisor Latch
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ST16C452 ACCESSIBLE REGISTERS

(72}
-
-t
2]
O
»
(&
N
>
d
v
(7]

_A2A1A0 |Register | BIT-7 | BIT-6 | BITS | BIT4 | BIT3 | BIT-2 | BIT1.

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 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 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

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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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 ST16C452 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-8 MHz and dividing it by any divisor from 1
to 2'° -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 74:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C452 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 ST16C452
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 interrupt
1111110 LSR (Receiver Line Status
Register)

211101]0 RXRDY (Received Data
Ready)

310 1| 0| TXRDY( Transmitter Holding
Register Empty)

4 10| 0| 0| MSR (Modem Status Regis-
ter)
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ISR BIT-0:

=an interrupt is 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.

_BITA1 | 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.

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 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 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).
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:
0=force RTS* output to high.
1=force RTS* output to low.

MCR BIT-2:
This bit is used for internal loop-back mode, and is not
used for regular operation.

MCR BIT-3:
0= sets the INT output pin to three state mode.
1= enables the INT output pin.

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*, 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 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 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. ST16C452 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 ST16C452 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST16C452 has
changed state since the last time it was read.
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MSR BIT-2:
Indicates that the RI* input to the ST16C452 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C452 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 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)

ST16C452 provides a temporary data registerto store
8 bits of information for variable use.

SIGNAL |  RESETSTATE
X High

RTS* High

DTR* High

INT Three state mode

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

BAUD RATE | 16xCLOCK |%ERROR
. DIVISOR | =
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 2.86
115.2K 1

ST16C452 EXTERNAL RESET CONDITION

'REGISTERS | RESETSTATE

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

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

MSR BITS 4-7=input signals
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PRINTER PORT PROGRAMMING TABLE:

A1 | A0 | ow* IOR*
o | o PORT REGISTER PORT REGISTER
o | 1 VO SELECT REGISTER | STATUS REGISTER *
1] o0 CONTROL REGISTER COMMAND REGISTER

* Reading the status register will reset the INTP output.

PARALLEL PORT DIRECTION SELECT REGISTER (WRITE ONLY)

ST16C452XX CONTROL REGISTER (D5) | BIDEN | /O SELECT REGISTER | PORT DIRECTION
ST16C452AT X 0 X Output mode
ST16C452PS X 0 AA Hex Input mode
ST16C452PS X 0 55 Hex Output mode
ST16C452AT X 1 X Input mode
ST16C452PS 0 1 X Output mode
ST16C452PS 1 1 X Input mode
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PRINTER PORTREGISTER DESCRIPTIONS

PORT REGISTER

Bi-directional printer port.

Writing to this register during output mode will transfer
the contents of the data bus to the PD7-PDO ports.
Reading this register during input mode will transfer
the states of the PD7-PDO0 to the data bus. This
register will be set to the output mode after reset.

PR BIT 7-0:
PD7-PDO bi-directional 1/0 ports.

STATUS REGISTER
This register provides the state of the printer outputs
and the interrupt condition.

SR BIT 1-0:
Not used. Are set to “1” permanently.

SR BIT-2:

Interrupt condition.

0= an interrupt is pending

This bit will be set to “0” at the falling edge of the ACK*
input.

1= no interrupt is pending

Reading the STATUS REGISTER will set this bit to
“1".

SR BIT-3:

ERROR?* input state.

0= ERROR* input is in low state
1= ERROR* input is in high state

SR BIT4:

SLCT input state.

0= SLCT input is in low state
1= SLCT input is in high state

SR BIT-§:

PE input state.

0= PE input is in low state
1= PE input is in high state

SR BIT-6:

ACK* input state.

0= ACK* input is in low state
1= ACK* input is in high state

SR BIT-7:

BUSY input state.

0= BUSY input is in high state
1= BUSY input is in low state

COMMAND REGISTER

The state of the STROBE*, AUTOFDXT*, INIT,
SLCTIN* pins, and interrupt enable bit can be read by
this register regardless of the I/O direction.

COM BIT-0:

STROBE* input pin.

0= STROBE* pin is in high state
1= STROBE?* pin is in low state

COM BIT-1:

AUTOFDXT* input pin.

0= AUTOFDXT* pin is in high state
1= AUTOFDXT* pin is in low state

COM BIT-2:

INIT input pin.

0= INIT pin is in low state
1= INIT pin is in high state

COM BIT-3:

SLCTIN* input pin.

0= SLCTIN* pin is in high state
1= SLCTIN* pin is in low state

COM BIT4:

Interrupt mask.

0= Interrupt (INTP output) is disabled
1= Interrupt (INTP output) is enabled

COM BIT 7-5:
Not used. Are set to “1” permanently.

CONTROL REGISTER.
Writing to this register will set the state of the

STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and
interrupt mask register.
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CON BIT-0:

STROBE* output control bit.

0= STROBE* output is set to high state
1= STROBE* output is set to low state

CON BIT-1:

AUTOFDXT* output control bit.

0= AUTOFDXT* output is set to high state
1= AUTOFDXT* output is set to low state

CON BIT-2:

INIT output control bit.

0= INIT output is set to low state
1= INIT output is set to high state

CON BIT-3:

SLCTIN* output control bit.

0= SLCTIN* output is set to high state
1= SLCTIN* output is set to low state

CON BIT-4:

Interrupt output control bit.
0= INTP output is disabled
1= INTP output is enabled

CON BIT-5:

ST16C452 EXTERNAL RESET CONDITION

'SIGNALS

RESET STATE.

PDO0-PD7
STROBE*
AUTOFDXT*
INIT
SLCTIN*

High, output mode
High, output mode
High, output mode
Low, output mode
High, output mode

1/0 select. Direction of the PD7-PDO0 can be selected

by setting or clearing this bit.

0= PD7-PDO are set for output mode
1= PD7-PDQ0 are set for input mode
CON BIT 7-6:

Not used.

1/0 SELECT REGISTER

Software controlled /O select.

Bi-directional mode can be selected by keeping the
BIDEN input in high state and setting CON BIT-5 to

“zero or one”
Hardware/software 1/O select.

Bi-directional mode can be selected by keeping the
BIDEN input in low state and setting 1/O SELECT
register to “AA” Hex for input or “55” Hex for output. I/
O select register and control register bit-5 are only

available for ST16C452PS parts.
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PORT REGISTER (READ/WRITE)

PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

STATUS REGISTER (READ ONLY)

oz ipe Ips  Ipa  Ips  Ipp D1 DO

BUSY* ACK PE SLCT ERROR IRQ 1 1
STATE

1= No interrupt
0= Interrupt (PS only)

COMMAND REGISTER  (READ ONLY)

1 1 1 IRQ SLCTIN* INIT AUTO- STROBE*
ENABLE FDXT*

0= IRQ
disabled

1=IRQ
enabled

CONTROL REGISTER  (WRITE ONLY)

EEEITEEE TR T e T

— _ /10 IRQ SLCTIN* INIT AUTO- STROBE*
SELECT MASK FDXT*
0=Output (PS only) 0=INTP output
disabled
1=Input (PS only) 1=INTP output
X= AT only enabled
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V=5.0 V 1 5% unless otherwise specified.

Symbol

Parameter

P T e ) -
> 0 » » N o @oN

3R 3 €3

RN

88

A A A AAAAAAAAAAAAAA A A

3

8 a8

— — — -

8

Clock high pulse duration

Clock low pulse duration

Clock rise/fall time

Chip select setup time

Chip select hold time

IOR* to DDIS* delay

Data set up time

IOW* delay from chip select
IOW* delay from chip select
IOW* strobe width

Chip select hold time from IOW*
Write cycle delay

Write cycle=T +T,,

Data hold time

IOR* delay from chip select

IOR* strobe width

Chip select hold time from IOR*
Read cycle delay

Read cycle=T,,+T,,

Delay from IOR* to data

Delay from IOW* to output

Delay to set interrupt from MODEM
input

Delay to reset interrupt from IOR*
Delay from stop to set interrupt
Delay from IOR* to reset interrupt
Delay from initial INT reset to transmit
start

Limits Units Conditions
Min  Typ Max |- : ;
50 ns
50 ns External clock
10 ns
5 ns
0 ns
25 ns 100 pF load
15 ns
10 ns
10 ns
50 ns
0 ns
55 ns
105 ns
15 ns
10 ns
65 ns
0 ns
55 ns
115 ns
35 ns 100 pF load
50 ns 100 pF load
70 ns 100 pF load
70 ns 100 pF load
1ok ns 100 pF load
200 ns 100 pF load
8 24 *
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0 V 5% unless otherwise specified.

Symbol |  Parameter - Limits Units |  Conditions

T Delay from stop to interrupt 100 ns
Ty Delay from IOW* to reset interrupt 175 ns
Ty ACK* pulse width 75 ns
Te PD7-PDO setup time 10 ns
T, PD7-PDO hold time 25 ns
T, Delay from ACK* low to interrupt low 5 ns
T Delay from IOR* to reset interrupt 5 ns
N Baud rate devisor 1 2161

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,=25° C, V_.=5.0 V 1 5% unless otherwise specified.
Symbol | o | Units |  Conditions
Viex | Clock input low level -0.5 0.6 \
Ve | Clock input high level 3.0 vCcC \
V. Input low level -0.5 0.8 \
vV, Input high level 22 vCcc \
Vo Output low level 0.4 \" lo.= 6.0 mA D7-DO
lo.= 20.0 mA PD7-
PDO
o= 10 mA
SLCTIN*,
INIT*,STROBE*,
AUTOFDXT*
Io.= 6.0 mA on all
other outputs
Vou Output high level 24 \ loy= -6.0 mA D7-
DO
low=-12.0 MA
PD7-PDO
low= -0.2 MA
SLCTIN®,
INIT*, STROBE*,
AUTOFDXT*
low= -6.0 MA on all
the outputs
lec Avg. power supply current 12 mA
N Input leakage +10 HA
oL Clock leakage 110 HA
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RTS*
DTR*

CcD
CTS
DSR

INTx

IOR*

RI
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RECEIVE TIMING
START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT \ [ po|Dt|D2|D3|D4|D5]| D6
:'.4 > i
SDATABITS | PARITYBIT. NEXT
« > - DATA
6 DATABITS - START BIT
I |
< > I .
7 DATABITS ! i —» e T31
L
INTx | :
—
| !
Lo
b
IOR* Lo
It

16 BAUD RATE CLOCK
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TRANSMIT TIMING
START BIT
— b DATA BITS (5-8) STOP BIT
TX OUT | Do | D1 | D2| D3| D4 | D5| D6
. > |
SDATABITS PARITYBIT  NEXT
« » DATA
6 DATABITS START BIT
- 7 DATABITS > e T34
INTx > TR

T T e

—_

16 BAUD RATE CLOCK
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PARALLEL PORT READ TIMING

ACK*

INTP*

IOR*

INTSEL

PDO-PD7

NORMAL MODE

—>

VALID DATA
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ST16C552

Printed May 18, 1993

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFO

AND PARALLEL PRINTER PORT

DESCRIPTION |

The ST16C552 is a dual universal asynchronous
receiver and transmitter with 16 byte transmit and
receive FIFO and a bi-directional CENTRONICS type
parallel printer port. A programmable baud rate gen-
erator is provided to select transmit and receive clock
rates from 50Hz to 448kHz.

The ST16C552 on board status registers providesthe
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 ST16C552 provides internal loop-
back capability for on board diagnostic testing.

The ST16C552 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 VL16C552,
WD16C552

¢ 16 byte transmit FIFO

« 16 byte receive FIFO with error flags

o 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

o Status report register

¢ Independent transmit and receive control

o TTL compatible inputs, outputs

o Software compatible with INS8250, NS16C550

¢ 448 kHz transmit/receive operation with 7.372
MHz crystal or external clock source.

« Bi-directional hardware/software parallel port

o Bi-directional 1/O ports

 ORDERING INFORMATION
Part number Package Operating temperature
ST16C552CJ68 PLCC 0°C to+70°C

ST16C5521J68 PLCC -40°C to+85°C

PLCC Package
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SYMBOL DESCRIPTION

_ PinDescription

DO0-D7 14-21 110 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.

AO0-A2 35-33 | Address select lines. To select internal registers.

CLK 4 | Clock input. An external clock can be used to clock internal
circuit and baud rate generator for custom transmission
rates.

BIDEN 1 | Printer direction select. A high puts the parallel port in the
input / output mode and low sets the ST16C552 to output
mode.

Iow* 36 | Write strobe (active low). A low on this pin will transfer the

contents of the CPU data bus to the addressed register.

IOR* 37 | Read strobe (active low). A low level on this pin transfers
the contents of the ST16C552 data bus to the CPU.

RDOUT 44 (@) Read select out (active high). This pin goes high when the
CPU is reading data from the ST16C552 to en/disable the
external transceiver or logic’s.

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

CS A/B* 32,3 | Chip select A/B (active low). A low at this pin enables the
serial port-A/B / CPU data transfer operation.

DSR A/B* 31,5 | Data set ready A/B (active low). A low onthis pin indicates
the MODEM is ready to exchange datawith UART. This pin
does not have any effect on the transmit or receive opera-
tion.

RI A/B* 30,6 I 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

__ Pin Description

CD A/B*

TXA/B

DTR A/B*

RTS A/B*

RX A/B

CTS A/B*

INT A/B

TXRDY A/B

29,8

26,10

25,11

24,12

41,62

28,13

45,60

22,42

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

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.

Data terminal ready A/B (active low). To indicate that
ST16C552 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writinga “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.

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.

Serial datainput A/B. The serial information (data) received
from serial port to ST16C552 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.

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.

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

Transmit ready A/B (active high). This pin goes high when

3-258




ST16C552

SYMBOL DESCRIPTION

Pin

_ PinDescripon

RXRDY A/B*

CspP*

PD7-PDO

STROBE*

AUTOFDXT*

INIT

SLCTIN*

ERROR*

SLCT

BUSY

9,61

38

46-53

55

56

57

58

63

65

66

/10

/10

110

110

/10

the transmit FIFO of the ST16C552 is full. It can be used as
a single or multi-transfer.

Receive ready A/B (active low). This pin goes lowwhenthe
receive FIFO is full. It can be used as a single or multi-
transfer.

Parallel printer port chip select (active low). A low at this pin
enables the parallel port / CPU data transfer operation.

Bi-directional parallel ports (three state). To transfer data in
or out of the ST16C552 parallel port. PD7-PDO are latched
during output mode.

General purpose 1/O or strobe output (open drain active
low). To transfer latched data to the external peripheral or
printer.

General purpose 1/O or line printer auto feed (open drain
active low). To signal the printer for continuous form feed.

General purpose /O or line printer initialize (open drain
active high). To signal the line printer to enter internal
initialization routine.

General purpose /O or line printer select (open drain active
low). To select the line printer.

General purpose input or line printer error (active low). This
is an output from the printer to indicate an error by holding
it low during error condition.

General purpose input or line printer selected (active high).
This is an output from the printer to indicate that the line
printer has been selected.

General purpose input or line printer busy (active high). An
output from the printer to indicate printer is not ready to
accept data.
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. Symbol Pin v>SignaI Type Pin Description

PE 67 | General purpose input or line printer paper empty (active
high). An output from the printer to indicate out of paper.

ACK* 68 | General purpose input or line printer acknowledge (active
low). An output from the printer to indicate that data has
been accepted successfully.

INTP* 59 (0] Printer interrupt output (active low). To signal the state of
the printer port. This pin tracks the ACK* input pin, When
ACK*islow INTP is low and when ACK* is high INTP is high

INTSEL* 43 | Interrupt select mode. The external ACK* can be selected
as an interrupt source by connecting this pin to the GND.
Connecting this pin to VCC will set the interrupt to latched
mode, reading the status register of the printer section
resets the INTP output.

GND 2,7,54 (o] Signal and power ground.

27
VvCC 23,40,64 | Power supply input.

PROGRAMMING TABLE FOR SERIAL PORTS

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 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

3-260




ST16C552

29S091L1S

ST16C552 ACCESSIBLE REGISTERS

_A2A1A0 | Register | BIT-7 | BIT6 | BITS | BIT4| BIT-3 | BIT2 | BIT-1 | 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

001 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 0/ 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 INT Not RTS* DTR*

back | enable | used -

101 LSR o/ 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

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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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 as the
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhen the FIFO trigger levelis reached, 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 ST16C552 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 ST16C552 requires to have two step FIFO enable
operation in order to enable receive trigger levels.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C552 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-8 MHz and dividing it by any divisor from 1
to 2'% -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 7-4:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C552 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 ST16C552
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|D0| 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)

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 1-3:
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 ST16C552
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=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 “17.
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Transmit operation in mode “0”:

When ST16C552is 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 ST16C552is 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 ST16C552 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 ST16C552 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.

_BIT7 | BIT-6 | FIFO 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.

BIT4 | BITO |  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 humber
of 1’s in the transmitted data, receiver also checks for
same format.

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

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

MCR BIT-2:
Not used.

MCR BIT-3:

O=set INT output pin to three state mode.

1=set INT output pin to normal / active operating
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*, 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 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 re-
ceive 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 com-
pletely received in the shift register. Note that charac-
ter 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 associ-
ated with the character at the top of the FIFO.
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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. ST16C552 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.

MSR BIT-0:
Indicates that the CTS* input to the ST16C552 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST16C552 has
changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST16C552 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C552 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 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 “17, a
MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR)

ST16C552 provides a temporary data registerto store
8 bits of information for variable use.
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BAUD RATE GENERATOR PROGRAMMING ST16C552 EXTERNAL RESET CONDITION
TABLE (1.8432 MHz CLOCK):

BAUDRATE | 16 xCLOCK | % ERROR | 'REGISTERS | RESET STATE
...} DBWISOR | s SR S e
IER BITS 0-7=0
50 2304 ISR ISR BIT-0=1, ISR BITS 1:7=0
110 1047 0.026 LCR LCR BITS 0-7=0
150 768 MCR MCR BITS 0-7=0
300 384 LSR LSR BITS 0-4=0,
600 192 LSR BITS 5-6=1 LSR, BIT 7=0
1200 96 MSR MSR BITS 0-3=0,
2400 48 MSR BITS 4-7=input signals
4800 24 FCR FCR BITS 0-7=0
7200 16
9600 12
19.2K 6 - - — —
38.4K 3 SIGNALS RESET STATE
56K 2 2.86 : —
115.2K 1 X High
RTS* High
DTR* High
INT Three state mode
RXRDY* High
TXRDY* High
PRINTER PORT PROGRAMMING TABLE:
At | A0 | oW IOR*
0 0 PORT REGISTER PORT REGISTER
0 1 /0 SELECT REGISTER STATUS REGISTER *
1 0 CONTROL REGISTER COMMAND REGISTER

* Reading the status register will reset the INTP output.
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PRINTER PORT REGISTER DESCRIPTIONS

PRBIT 7-0:
PD7-PDO bi-directional I/O ports.

STATUS REGISTER
This register provides the state of the printer outputs
and the interrupt condition.

SR BIT 1-0:
Not used. Are set to “1” permanently.

SR BIT-2:

Interrupt condition.

0= an interrupt is pending

This bit will be setto “0” at the falling edge of the ACK*
input.

1= no interrupt is pending

Reading the STATUS REGISTER will set this bit to
“1”.

SR BIT-3:

ERROR* input state.

0= ERROR* input is in low state
1= ERROR* input is in high state

SR BIT-4:

SLCT input state.

0= SLCT input is in low state
1= SLCT input is in high state

SR BIT-5:

PE input state.

0= PE input is in low state
1= PE input is in high state

SR BIT-6:

ACK* input state.

0= ACK* input is in low state
1= ACK* input is in high state

SR BIT-7:

BUSY input state.

0= BUSY input is in high state
1= BUSY input.is in low state

COMMAND REGISTER

-y .

The state of the STROBE*, AUTOFDXT*, INIT,
SLCTIN* pins, and interrupt enable bit can be read by
this register regardless of the 1/O direction.

—

COM BIT-0:

STROBE* input pin.

0= STROBE* pin is in high state
1= STROBE* pin is in low state

COM BIT-1:

AUTOFDXT* input pin.

0= AUTOFDXT* pin is in high state
1= AUTOFDXT?* pin is in low state

COM BIT-2:

INIT input pin.

0= INIT pin is in low state
1= INIT pin is in high state

COM BIT-3:

SLCTIN* input pin.

0= SLCTIN* pin is in high state
1= SLCTIN* pin is in low state

COM BIT4:

Interrupt mask.

0= Interrupt (INTP output) is disabled
1= Interrupt (INTP output) is enabled

COMBIT 7-5:
Not used. Are set to “1” permanently.

CONTROL REGISTER.

Writing to this register will set the state of the [
STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and i
interrupt mask register. ‘

CON BIT-0:

STROBE* output control bit.

0= STROBE* output is set to high state
1= STROBE* output is set to low state
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CON BIT-1: CON BIT 7-6:
AUTOFDXT* output control bit. Not used.

0= AUTOFDXT* output is set to high state

1= AUTOFDXT* output is set to low state /0 SELECT REGISTER

CON BIT-2:

INIT output control bit.

0= INIT output is set to low state
1= INIT output is set to high state

CON BIT-3:

SLCTIN* output control bit.

0= SLCTIN* output is set to high state
1= SLCTIN* output is set to low state

Software controlled 1/O select.

Bi-directional mode can be selected by keeping the
BIDEN input in high state and setting CON BIT-5 to
“zero or one”

Hardware/software 1/O select.

Bi-directional mode can be selected by keeping the
BIDEN input in low state and setting 1/0 SELECT
register to “AA” Hex for input or “55” Hex for output.

¢Gso9L1S

CON BIT4: ST16C552 EXTERNAL RESET CONDITION
Interrupt output control bit.
0= INTP output is disabled SIGNALS RESET STATE
1= INTP output is enabled
PDO0-PD7 High, output mode
CON BIT-5: STROBE* High, output mode
I/0 select. Direction of the PD7-PDO can be selected AUTOFDXT* | High, output mode
by setting or clearing this bit. INIT Low, output mode
0= PD7-PDO are set for output mode SLCTIN* High, output mode

1= PD7-PDO are set for input mode

CONTROL REGISTER (D5) | BIDEN | I/O SELECT REGISTER | PORT DIRECTION
X 0 AA Hex Input mode
X 0 55 Hex Output mode
0 1 X Output mode
1 1 X Input mode
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S$T16C552 PRINTER PORT REGISTER CONFIGURATIONS

i PORT REGISTER
|

(READ/WRITE)

oz

D4 .

| po

PD7

PD6

PD5

PD4

PD3

PD2

PD1

PDO

STATUS REGISTER

(READ ONLY)

w

D4

Ip3

Tor

| BUSY*

ACK

PE

SLCT

ERROR
STATE

IRQ

1= No interrupt

0= Interrupt

.; D7 :

COMMAND REGISTER

D6

(READ ONLY)

| ps.

D4:‘:1:>

D2

D1

[oo

1

1

1

CONTROL REGISTER

IRQ
ENABLE

SLCTIN*

INIT

AUTO-
FDXT*

STROBE*

0= IRQ
disabled

1= IRQ
enabled

(WRITE ONLY)

D5

D4

|lp3

0=Output

1=Input

1[e]
SELECT

IRQ
MASK

SLCTIN*

INIT

AUTO-
FDXT*

STROBE*

0=INTP output

disabled

1=INTP output

enabled
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0 V £ 5% unless otherwise specified.

_Symbol ’ Parameter Limits | Units |  Conditions
T, Clock high pulse duration 50 ns
T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns
T, Chip select setup time 5 ns
T, Chip select hold time 0 ns
T, IOR* to DDIS* delay 25 ns 100 pF load
T, Data setup time 15 ns
Ty Data hold time 15 ns
T, IOW* delay from chip select 10 ns
T IOW* strobe width 50 ns
T Chip select hold time from IOW* 0 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 105 ns
Ty Data hold time 15 ns
T,, IOR* delay from chip select 10 ns
T, IOR* strobe width 65 ns
T, Chip select hold time from IOR* 0 ns
Ty Read cycle delay 55 ns
Tr Read cycle=T,,+T,, 115 ns
T, Delay from IOR* to data 35 ns 100 pF load
T, Delay from IOW* to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load
input
Ty Delay to reset interrupt from IOR* 70 ns 100 pF load
T, Delay from stop to set interrupt L. ns 100 pF load
T, Delay from IOR* to reset interrupt 200 ns 100 pF load
Ty Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stop to interrupt 100 ns
Ty Delay from IOW* to reset interrupt 175 ns
Ty Delay from rising IOW* to output data 5 ns
Ty ACK* pulse width 75 ns
Ty PD7 - PDO setup time 10 ns
T, PD7 - PDO hold time 25 ns
T, Delay from ACK* low to interrupt low 5 ns
Ty Delay from IOR* to reset interrupt 5 ns
N Baud rate devisor 1 2161

Note 1 * = Baudout* cycle
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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 5% unless otherwise specified.
_ Conditions
Vi | Clock input low level -0.5 0.6 \
Viuex | Clock input high level 3.0 vCC \
Vi Input low level -0.5 0.8 Vv
Vi Input high level 2.2 VvCC \
Vo Output low level 0.4 \ 1,,= 6.0 mA D7-DO
I, = 20.0 mA PD7-
PDO
o= 10 mA
SLCTIN*,
INIT* STROBE*,
AUTOFDXT*
l,,=6.0 mA on all
other outputs
Vo Output high level 24 \ lo,= 6.0 mA D7-
DO
loy=-12.0 MA
PD7-PDO
low=-0.2 MA
SLCTIN*,
INIT*, STROBE*,
AUTOFDXT*
low= -6.0 mA on all
other outputs
lee Avg power supply current 12 mA
I Input leakage 110 uA
o Clock leakage 10 pA
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GENERAL WRITE TIMING

U

GENERAL READ TIMING
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MODEM TIMING

Iow*

RTS*
DTR*

CcD
CTS
DSR

INTx

IOR*

RI

T29

CLOCK TIMING

EXTERNAL

CLOCK ___/

T2

i
L

CLOCK PERIOD

CLOCK PERIOD
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TRANSMIT TIMING
START BIT
P— DATA BITS (5-8) STOP BIT
TXOUT | Do | D1 | D2| D3| D4 | D5| DB
< > ! | e— i
5DATABITS | PARITYBIT NEXT
e - ! DATA
6 DATABITS ! START BIT
- »
7 DATABITS g
|
H i
H I
INTx > - T33 !
i
|
|
|
|
|
i

T e e

—_

16 BAUD RATE CLOCK
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TXRDY TIMING FOR MODE "0"

START BIT
— b DATA BITS (5-8) STOP BIT

b >
TX OUTPUT \ [ oo | Dt |D2| D3| D4]|D5]| DB

& [—»

5 DATABITS PARITY BIT

b 6 DATABITS -

b 7 DATA BITS )
ow U
D0-D7 1/ BYTE#

T46 M —» n— T47

TXRDY / \
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TXRDY TIMING FOR MODE "1"

START BIT
— DATA BITS (5-8) STOP BIT
TX OUTPUT \ / oo |Dpt1|D2| D3| D4|D5] D6
5DATABITS PARITY BIT

b 6 DATABITS .

b 7 DATABITS -
low*
DO-D7 /

46 M > - T47

TXRDY " FIFO FULL \
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RECEIVE TIMING
START BIT
— DATA BITS (5-8) STOP BIT
RX INPUT \ [ oo | Dt |D2|D3|D4|D5]| D6
;4 > !
S DATABITS | PARITYBIT  NEXT
< > b DATA
6 DATABITS o START BIT
| |
¢ > ! .
7 DATABITS ; i > e T3
I
b |
INTx i !
T
o
L
o
IOR* P
! L

16 BAUD RATE CLOCK
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RXRDY TIMING FOR MODE "0"

START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT
(First byte) \ A«.. Do | D1 | D2 | D3 | D4 | D5 | D6
5 DATABITS g

b 6 DATA BITS g

b 7 DATABITS >
RXRDY
IOR*
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RXRDY TIMING FOR MODE "1"

START BIT

DATA BITS (5-8)

STOP BIT

h 4

—>

—>i

RX INPUT \ [ oo |D1|D2| D3| D4|D5| D6

< — >

5 DATABITS PARITY BIT
b 6 DATA BITS . First byte that reaches
< > the trigger level
7 DATABITS
> T44
RXRDY
> T45

IOR*
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PARALLEL PORT GENERAL WRITE TIMING

T7

116
13

T12 4——>e» T

. O

SSSSSSS

uTo
SSSSSSS
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PARALLEL PORT READ TIMING

i
I
I
i
ACK* | \ /
| > e T42
INTP* E \ !
— /
: oy T43
!
oR" \ | \ /
A\ i '
T40 !
S e >
NORMAL MODE INTERRUPT LATCHED MODE SELECT

INTSEL /

> e T4t

PDO-PD7 ¥ VAUDDATA
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Printed May 18, 1993

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFO
AND PARALLEL PRINTER PORT WITH 83 BYTE FIFO

DESCRIPTION

The ST16C553 is a dual universal asynchronous
receiver and transmitter with 16 byte transmit and
receive FIFO and a bi-directional CENTRONICS type
parallel printer port with 83 bytes of FIFO. A program-
mable baud rate generator is provided to select trans-
mit and receive clock rates from 50Hz to 448kHz.
The ST16C553 on board status registers providesthe
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 ST16C553 provides internal loop-
back capability for on board diagnostic testing.

The ST16C553 is fabricated in an advanced 1.2p
CMOS process to achieve low drain power and high
speed requirements.

_FEATURES

o Pin to pin and functional compatible to VL16C552,
WD16C552

¢ 16 byte transmit FIFO

« 16 byte receive FIFO with error flags

« 83 bytes of printer output FIFO

o 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

e Independent transmit and receive control

o TTL compatible inputs, outputs

« Software compatible with INS8250, NS16C550

¢ 448 kHz transmit/receive operation with 7.372
MHz crystal or external clock source.

e Bi-directional hardware/software parallel port

« Bi-directional 1/0O ports

| ORDERING INFORMATION
Part number Package Operating temperature
ST16C553CJ68 PLCC 0°C to+70°C

ST16C5531J68 PLCC -40°C to +85°C
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SYMBOL DESCRIPTION

Symbol

Pin

Signal Type

Pin Description

DO0-D7

A0-A2

CLK

BIDEN

Iow*

IOR*

RDOUT

RESET*

CS A/B*

DSR A/B*

RI A/B*

14-21

35-33

36

37

44

39

32,3

31,5

30,6

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.

Address select lines. To select internal registers.

Clock input. An external clock can be used to clock internal
circuit and baud rate generator for custom transmission
rates.

Printer direction select. A high puts the parallel port in the
input / output mode and low sets the ST16C553 to output
mode.

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 ST16C553 data bus to the CPU.

Read select out (active high). This pin goes high when the
CPU is reading data from the ST16C553 to en/disable the
external transceiver or logic's.

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

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

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

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 |

.ﬁP’in;’-pés{’c"riptibn“ -

CD A/B*

TXA/B

DTR A/B*

RTS A/B*

RX A/B

CTS A/B*

INT A/B

TXRDY A/B

29,8

26,10

2511

24,12

41,62

28,13

45,60

22,42

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

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.

Data terminal ready A/B (active low). To indicate that
ST16C553 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a“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.

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.

Serial datainput A/B. The serial information (data) received
from serial port to ST16C553 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.

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.

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

Transmit ready A/B (active high). This pin goes high when
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SYMBOL DESCRIPTION

_ Symbol : Pin Signal Type Pin Description

the transmit FIFO of the ST16C553 is full. It can be used as
a single or multi-transfer.

RXRDY A/B* 9,61 O Receive ready A/B (active low). This pingoes lowwhenthe
receive FIFO is full. It can be used as a single or multi-
transfer.

CSP* 38 | Parallel printer port chip select (active low). A low at this pin
enables the paraliel port / CPU data transfer operation.

PD7-PDO 46-53 110 Bi-directional parallel ports (three state). To transferdatain
or out of the ST16C553 parallel port. PD7-PDO are latched
during output mode.

STROBE* 55 110 General purpose /O or strobe output (open drain active
low). To transfer latched data to the external peripheral or
printer.

AUTOFDXT* 56 110 General purpose I/O or line printer auto feed (open drain
active low). To signal the printer for continuous form feed.

INIT 57 1/10 General purpose /O or line printer initialize (open drain
active high). To signal the line printer to enter internal
initialization routine.

SLCTIN* 58 1/10 General purpose I/O or line printer select (open drain active
low). To select the line printer.

ERROR* 63 | General purpose input or line printer error (active low). This
is an output from the printer to indicate an error by holding
it low during error condition.

SLCT 65 | General purpose input or line printer selected (active high).
This is an output from the printer to indicate that the line
printer has been selected.

BUSY 66 | General purpose input or line printer busy (active high). An
output from the printer to indicate printer is not ready to
accept data.
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SYMBOL DESCRIPTION

PE 67 | General purpose input or line printer paper empty (active
high). An output from the printer to indicate out of paper.

ACK* 68 | General purpose input or line printer acknowledge (active
low). An output from the printer to indicate that data has
been accepted successfully.

INTP* 59 (o] Printer interrupt output (active low). To signal the state of
the printer port. This pin tracks the ACK* input pin, When
ACK*islow INTP is low and when ACK* is high INTP is high

INTSEL* 43 | Interrupt select mode. The external ACK* can be selected
as an interrupt source by connecting this pin to the GND.
Connecting this pin to VCC will set the interrupt to latched
mode, reading the status register of the printer section
resets the INTP output.

GND 2,7,54 (0] Signal and power ground.

VvCC 23,40,64 | Power supply input.

PROGRAMMING TABLE FOR SERIAL PORTS

A2
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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ST16C553 ACCESSIBLE REGISTERS A/B

000 RHR bit-7 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
001 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 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 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”,
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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 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 as the
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurswhen the FIFO trigger levelis reached, 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 ST16C553 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 ST16C553 requires to have two step FIFO enable
operation in order to enable receive trigger levels.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C553 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-8 MHz and dividing it by any divisor from 1
to 2% -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:
=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 ST16C553 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 ST16C553
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

LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Receive Data
time out)

TXRDY( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

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 1-3:
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 ST16C553
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=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”.
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Transmit operation in mode “0”:

When ST16C553 is 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 ST16C553 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 charac-
ters in the receiver.

Transmit operation in mode “1”:

When ST16C553 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 ST16C553 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.

BIT7 | BIT-6 | FIFO 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-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 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 the
number of 1’s in the transmitted data, receiver also
checks for same format.

3-292



ST16C553

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.

MCR BIT-3:

O=set INT output pin to three state mode.

1=set INT output pin to normal / active operating
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*, andRI* are
disabled. Internally the transmitter output is con-

nected to the receiver input and DTR*, RTS*, MCR
bit-2and 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 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 re-
ceive 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 com-
pletely received in the shift register. Note that charac-
ter 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 associ-
ated with the character at the top of the FIFO.
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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. ST16C553 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.

MSR BIT-0:
Indicates that the CTS* input to the ST16C553 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST16C553 has
changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST16C553 has
changed from a low to a high state.

MSR BIT-3:
Indicates that the CD* input to the ST16C553 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)

ST16C553 provides atemporary data registerto store
8 bits of information for variable use.
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BAUD RATE GENERATOR PROGRAMMING ST16C553 EXTERNAL RESET CONDITION
TABLE (1.8432 MHz CLOCK):

. BAUDRATE | 16 x CLOCK % ERROR REGISTERS | RESET STATE
o DIVISOR : ; : . - —
' IER IER BITS 0-7=0
50 2304 ISR ISR BIT-0=1, ISR BITS 1:7=0
110 1047 0.026 LCR LCR BITS 0-7=0
150 768 MCR MCR BITS 0-7=0
300 384 LSR LSR BITS 0-4=0,
600 192 LSR BITS 5-6=1 LSR, BIT 7=0
1200 96 MSR MSR BITS 0-3=0,
2400 48 MSR BITS 4-7=input signals
4800 24 FCR FCR BITS 0-7=0
7200 16 AFR AFR BIT 0-7=0
9600 12
19.2K 6
38.4K 3 S T
56K 2 2.86 SIGNAL'_S . RESETSTATE
115.2K 1 ; e :
TX High
RTS* High
DTR* High
INT Three state mode
RXRDY* High
TXRDY* High

PRINTER PORT PROGRAMMING TABLE:

AL A0 fow | 10R*
0 0 | PORTREGISTER PORT REGISTER
0 1 | /O SELECT REGISTER STATUS REGISTER *
1 0 | CONTROLREGISTER COMMAND REGISTER
1 1 | ALTERNATE FUNCTION REGISTER | FIFO BYTE COUNT REGISTER

* Reading the status register will reset the INTP output.
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PRINTER FUNCTIONAL DESCRIPTION

The ST16C553 parallel port is designed to operate as
a normal CENTRONICS printer interface. The port
contains 83 byte FIFO that may be enabled via bit-7
of the Alternate Function Register (AFR). After reset,
the FIFO is disabled and the part will function identical
to the ST16C552. Once the FIFO is enabled via AFR
bit-7, the port will enter FIFO mode after the first byte
of data is strobed to the printer and the printer re-
sponds with either an ACK* or BUSY signal.

The ST16C553 will remain in FIFO mode until the part
is reset or INIT is brought low. While in FIFO mode,
data transfer to the printer will be controlled by the
printer without any user intervention. The printer port
also contains a FIFO byte counter that maintains a
count of the number of bytes remaining in the FIFO.
The FIFO and the FIFO byte counter are cleared by a
reset or by a change of state of the INIT pin. All FIFO
related timing is derived from the clock input to pin 4
of the part.

A special parallel port write / read mode is activated
when INIT is held low, either by writing a “0” to Control
Register bit-2 or by forcing the INIT pin low. In this
mode the FIFO read pointer is advanced by reading
the parallel port instead of the ACK* or BUSY signals.
The STROBE* output is forced high. This allows the
user to perform write to parallel port and read from
parallel port operations without strobing data to the
printer.

Following an INIT, the parallel port will not be in the
FIFO mode. Control Register bit-0 is used as the
STROBE?®*, Status Register bit-7 is the inverse of the
BUSY signal, and INTP* is derived from ACK*. The
transition into FIFO mode will occur after the first
STROBE* is generated and the printer responds with
either an ACK* or BUSY. In FIFO mode, STROBE* is
generated automatically and writing to Control Regis-
ter bit-0 has no effect on STROBE*. Alternate Func-
tion Register bit 0-2 are used to control the delay and
width of STROBE™*. Handshaking between the printer
and the ST16C553 may be controlled by bit-3 of the
Alternate Function Register. Setting this bit to a “1” will
result in the use of BUSY instead of ACK* for FIFO

reading and interrupt control. INTP* will transition low
when a “1” is written to Control Register bit-0 and will
transition high when a write to parallel port is per-
formed. In FIFO mode, data transfer to the printer will
be controlled by the printer and will occur at the
printer's maximum data rate.

The FIFO byte counter is incremented one count for
each parallel port write and decremented one count
for each FIFO read (data taken by printer). A FIFO
read will be generated at the falling edge of either
ACK* or BUSY. The byte counter will require two to
three clock cycles to update. Hence, a read to Fifo
Byte Count Register (FBCR) should only be per-
formed minimum of three clock after the falling edge
of either ACK* or BUSY. The counter is reset when-
everthe FIFOisreset. If write to parallel port operation
is attempted when the FIFO is full, the data will not be
written into the FIFO and the counter will not incre-
ment.

Two interrupt modes are available and are selected
with the INTSEL* pin. If this pin is tied high, a latched
interrupt will result. In this mode, INTP* will transition
low when a “1” is written to Control Register bit-0. A
reset or reading the Status Register will clear the
interrupt. If INTSEL* pin is tied low, INTP* will transi-
tion low when a “1” is written to Control Register bit-0
and will transition high when a write to the parallel port
is issued. This (non-latched) interrupt signal is always
available in Status Register bit-6 regardless of the
state of the INTSEL* pin. Status Register bit-2 will
always contain the latched interrupt state. The polarity
of the INTP* pin may be inverted by setting Alternate
Function Register bit-6 high.

The ST16C553 provides additional programmable
interrupt output options by programming the Alternate
Function Register bit 4-5. INTP* output can be se-
lected as FIFO full or FIFO empty interrupt.
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PRINTER PORT REGISTER DESCRIPTIONS
PORT REGISTER

Bi-directional printer port.

Writing to this register during output mode will transfer
the contents of the data bus to the PD7-PDO ports .
Reading this register during input mode will transfer
the states of the PD7-PDO0 to the data bus. This
register will be set to the output mode after reset.

PR BIT 7-0:
PD7-PDO bi-directional I/O ports.

STATUS REGISTER
This register provides the state of the printer outputs
and the interrupt condition.

SR BIT 1-0:
This bit is set to “1” normally except when interrupt is
selected as FIFO empty via AFR.

SR BIT-2:

Interrupt condition.

0= an interrupt is pending

This bit will be set to “0” at the falling edge of the ACK*
input.

1= no interrupt is pending

Reading the STATUS REGISTER will set this bit to
“17,

SR BIT-3:

ERROR input state.

0= ERROR input is in low state
1= ERROR input is in high state

SR BIT4:

SLCT input state.

0= SLCT input is in low state
1= SLCT input is in high state

SR BIT-6:

PE input state.

0= PE input is in low state
1= PE input is in high state

SR BIT-6:

ACK* input state.

0= ACK* input is in low state
1= ACK* input is in high state

SR BIT-7:
BUSY or FIFO full/ FIFO empty signal.

ST16C552 mode (FIFO is not enabled).
0= BUSY input is in high state
1= BUSY input is in low state

FIFO is enabled.
0= FIFO is full
1= One or more empty locations in FIFO

COMMAND REGISTER

The state of the STROBE*, AUTOFDXT*, INIT,
SLCTIN* pins, and interrupt enable bit can be read by
this register regardless of the I/O direction.

COM BIT-0:

STROBE* input pin.

0= STROBE* pin is in high state
1= STROBE* pin is in low state

COM BIT-1:

AUTOFDXT* input pin.

0= AUTOFDXT* pin is in high state
1= AUTOFDXT* pin is in low state

COM BIT-2:

INIT input pin.

0= INIT pin is in low state
1= INIT pin is in high state

COM BIT-3:

SLCTIN* input pin.

0= SLCTIN* pin is in high state
1= SLCTIN* pin is in low state
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COM BIT-4:

Interrupt mask.

0= Interrupt (INTP output) is disabled
1= Interrupt (INTP output) is enabled

COM BIT 7-5:
Not used. Are set to “1” permanently.

CONTROL REGISTER.

Writing to this register will set the state of the
STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and
interrupt mask register.

CON BIT-0:

STROBE* output control bit.

0= STROBE* output is set to high state
1= STROBE* output is set to low state

CON BIT-1:

AUTOFDXT* output control bit.

0= AUTOFDXT™ output is set to high state
1= AUTOFDXT* output is set to low state

CON BIT-2:

INIT output control bit.

0= INIT output is set to low state
1= INIT output is set to high state

CON BIT-3:

SLCTIN* output control bit.

0= SLCTIN* output is set to high state
1= SLCTIN* output is set to low state

CON BIT-4:

Interrupt output control bit.

0= INTP output is disabled (three state mode)
1= INTP output is enabled

CON BIT-5:

1/0O select. Direction of the PD7-PDO can be selected
by setting or clearing this bit.

0= PD7-PDO are set for output mode

1= PD7-PDO are set for input mode

CON BIT 7-6:
Not used.

ALTERNATE FUNCTION REGISTER (AFR)

This register En/Disables FIFO operation and pro-
vides additional capabilities to control STROBE*.
INTP* and change interrupt functions.

AFR BIT 0-2:

Timing select.

The STROBE* delay and width can be controlled by
these bits.

AFR | AFR | AFR | TSD | Tsw
Bit-2 | Bit-1 | Bit-0 | (clocks) | (clocks)
1 0 0 3 2
1 0 1 5 4
1 1 0 5 4
1 1 1 9 8
0 0 0 6 4
0 0 1 10 8
0 1 0 10 8
0 1 1 18 16

AFR BIT-3:

Interrupt source.

0= ACK* input pin is selected as printer handshaking
source

1=BUSY input pin is selected as printer handshaking
source

AFR BIT 4-5:
Interrupt type. State of the INTP* output pin can be
selected for one of the following options.

Bit-5 | Bit-4 | INTP* output | SR | SR
e _ |bit-0| bits
0 0 Normal mode | 1 BUSY*
0 1 FIFO empty 1 FIFO empty
1 0 | FIFO full 1 FIFO full
1 1 FIFO empty 0 FIFO empty
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AFR BIT-6:

INTP* output polarity.

0= Normal. INTP* output follows the ACK* input
1= Inverted INTP* output

AFR BIT-7:

FIFO enable / disable function.

0= FIFO is disabled( default mode). The ST16C552
compatible mode.

1= FIFO is enabled. Internal 83 byte of FIFO is
enabled.

FIFO BYTE COUNT REGISTER (FBCR)

State and content of the printer FIFO can be moni-
tored by reading this register.

FCBR BIT 0-6: SIGNALS RESETSTATE. =

FIFO byte count. Number of characters left in FIFO. ‘ = R e
PDO-PD7 High, output mode

FBCR BIT-7: STROBE* High, output mode

FIFO state. AUTOFDXT* | High, output mode

0= FIFO is enabled INIT Low, output mode

1= FIFO is disabled SLCTIN* High, output mode

1/0 SELECT REGISTER

Software controlled I/O select.

Bi-directional mode can be selected by keeping the
BIDEN input in high state and setting CON BIT-5 to
“zero or one”

Hardware/software i/O select.

Bi-directional mode can be selected by keeping the
BIDEN input in low state and setting 1/0 SELECT
register to “AA” Hex for input or “55” Hex for output.

ST16C553 EXTERNAL RESET CONDITION

€950911S

PARALLEL PORT DIRECTION SELECT REGISTER (WRITE ONLY)

CONTROL REGISTER (D5) | BIDEN. jup"sELEcif REGISTER | PORT DIRECTION
X 0 AA Hex Input mode
X 0 55 Hex Output mode
0 1 X Output mode
1 1 X Input mode
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ST16C553 PRINTER PORT REGISTER CONFIGURATIONS

A2A1A0|REGISTER| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
X 00 PR PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
X 0 1 STR BUSY*/ ACK PE SLCT | ERROR IRQ 1 1
Alternate
function
X 01 110 bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
X 10 COM 1 1 1 IRQ SLCTIN* INIT AUTO- | STROBE*
state FDXT*
X 10 CON 1 1 110 IRQ SLCTIN* INIT AUTO- | STROBE*
select mask FDXT
X 11 AFR FIFO INTP* IRQ IRQ INTP* | TIMING | TIMING| TIMING
enable | polarity type type source select select select
bit-1 bit-0 bit-2 bit-1 bit-0
X 11 FBCR FIFO* FBC-6 | FBC-5 FBC-4 FBC-3 FBC-2 | FBC-1 FBC-0
status
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V_=5.0 V = 5% unless otherwise specified.

‘Symbol | ' Parameter I . limits | Units |  Conditions

T, Clock high pulse duration 50 ns

T, Clock low pulse duration 50 ns External clock
T, Clock rise/fall time 10 ns

T, Chip select setup time 5 ns

T, Chip select hold time 0 ns

T, IOR* to DDIS* delay 25 ns 100 pF load
T, Data setup time 15 ns

T, Data hold time 15 ns

T. IOW* delay from chip select 10 ns

Ty IOW* strobe width 50 ns

T Chip select hold time from IOW* 0 ns

T, Write cycle delay 55 ns

Tw Write cycle=T +T,, 105 ns

Ty Data hold time 15 ns

T,, IOR* delay from chip select 10 ns

T, IOR* strobe width 65 ns

T, Chip select hold time from IOR* 0 ns

Ty Read cycle delay 55 ns

Tr Read cycle=T, +T, 115 ns

Ty Delay from IOR* to data 35 ns 100 pF load
T, Delay from IOW* to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load

input
T, Delay to reset interrupt from IOR* 70 ns 100 pF load
T,, Delay from stop to set interrupt i 1aek ns 100 pF load
T, Delay from IOR* to reset interrupt 200 ns 100 pF load
Ty Delay from initial INT reset to transmit 8 24 *
start

T.. Delay from stop to interrupt - 100 ns

Ty Delay from IOW* to reset interrupt 175 ns

Ty Delay from rising IOW* to output data 5 ns

T, ACK* pulse width 75 ns
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AC ELECTRICAL CHARACTERISTICS

T,=25° C, V,.=5.0 V 5% unless otherwise specified.

T PD7 - PDO setup time 10 ns
T, PD7 - PDO hold time 25 ns
T, Delay from ACK* low to interrupt low 5 ns
T Delay from IOR* to reset interrupt 5 ns
Ty Delay from stop to set RxRdy LI

T, Delay from IOR* to reset RxRdy 1 us
T Delay from IOW* to set TxRdy 195 ns
T, Delay from start to reset TxRdy 8 *
N Baud rate devisor 1 261

Note 1 * = Baudout* cycle
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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 £ 5% unless otherwise specified.

Ve« | Clock input low level -0.5 0.6 Vv

Ve« | Clock input high level 3.0 vCcC \"

vV, Input low level -0.5 0.8 \

Vy Input high level 22 vccC \"

' Output low level 0.4 \" lo,= 6.0 mA D7-D0
lo,= 20.0 mA PD7-
PDO
o= 10 mA
SLCTIN®,
INIT*, STROBE?,
AUTOFDXT*
lo,=6.0 mA on all
other outputs

Vou Output high level 24 v ly=-6.0 mA D7-
DO
loy=-12.0 mA
PD7-PDO
loy=-0.2 MA
SLCTIN®,
INIT*,STROBE",
AUTOFDXT*
lo=-6.0 mA on all
other outputs

lee Avg. power supply current 12 mA

I Input leakage 10 mA

lee Clock leakage 110 mA
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GENERAL READ TIMING

RRRRR

00000 ——
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MODEM TIMING

IoOW*

RTS*
DTR*

CcD
CTS
DSR

INTx

IOR*

RI

CLOCK TIMING
T2 T3

EXTERNAL

CLOCK —_/

_ i T3
CLOCK PERIOD CLOCK PERIOD

. A
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RECEIVE TIMING
START BIT
> DATA BITS (5-8) STOP BIT
- > b
RXINPUT \ [ Do | D1 | D2 | D3 | D4 | D5 | D6 \f
e > | — j——pi
SDATABITS i PARITYBIT: NEXT
€ t i DATA
6 DATABITS ! E START BIT
|
- < ,
7 DATABITS | | > e T3
P
INTx i !
L
1
|
IOR* !
L

16 BAUD RATE CLOCK
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RXRDY TIMING FOR MODE "0"

START BIT
— DATABITS (5-8) STOP BIT

g’fr;?s;g) \ [ oo|Dpt|D2|D3|D4|D5] D6

u > -y

SDATABITS PARITY BIT
h 6 DATA BITS
h 7 DATABITS -
> T44
RXRDY
> T45

IOR* X /
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RXRDY TIMING FOR MODE "1"

b T45

START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT \ | po|Dt|D2| D3| D4| D5 | D6
SDATABITS PARITY BIT
" 6 DATABITS . First byte that reaches
€ > the trigger level
7 DATABITS
> T44

RXRDY
IOR*
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TRANSMIT TIMING
START BIT
b DATA BITS (5-8) STOP BIT
TX OUT | bo | D1 | D2| D3| D4|D5| D6
< > | .
S DATABITS | PARITYBIT: NEXT
< » : DATA
6 DATABITS ! START BIT
< N
b 7 DATABITS ! i e T34
|
: ! i
H |
INTx > e T3 |
| !
|
|
1
|
I
|
|

1
!
!
I
|
!
!
|
|
|
I
|
I
|
+
I
|
|
|
T
I
|
|

low* 4\~/
o S

16 BAUD RATE CLOCK
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TXRDY TIMING FOR MODE "0"

START BIT
b DATA BITS (5-8) STOP BIT
TX OUTPUT \ [/ Dpo|Dpt|D2|D3|D4| D5 D6
SDATABITS PARITY BIT

b 6 DATA BITS -

b 7 DATABITS -
Iow* ‘\_/
DO-D7 1 BYTE#

T46 N —» u— T47

TXRDY / \
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TXRDY TIMING FOR MODE "1"

START BIT
— DATA BITS (5-8) STOPBIT
TX OUTPUT \ /[ oo|pt|p2|Dp3|Dp4|D5] 06
S DATABITS PARITY BIT

b 6 DATABITS -

h 7 DATABITS -
low*
D0-D7

T46 — u— T47

TXRDY / FIFO FULL \
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PARALLEL PORT GENERAL WRITE TIMING

- @
éT8i > T9
i T17 .

T14 le—» T15 +*T6
13

T12 4—bia» T

DDDDD "7 / ////////%

PPPPPPP
SSSSSSS

O
SSSSSSS
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PARALLEL PORT READ TIMING

ACK*

INTP* \ /
IOR* \

NORMAL MODE INTERRUPT LATCHED MODE SELECT

INTSEL /

—> T4

PDO-PD7 L VALID DATA
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ST16C553 PRINTER SPECIAL MODE

EEEEE

EEEEE

T
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ST16C553 PRINTER AUTO FIFO OPERATION

RESET \

ow \

STROBE*

s ——
FIFO EMPTY
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ST16C553 PRINTER FIFO TIMING WITH MORE THAN ONE BYTE IN THE FIFO

ACK SELECTEDFOR FIFO OPERATION

ACK* \ _/
0-2CLOCK =—» >
FIFO READ
(INTERNAL)
3-6 CLOCKS \
PD OUTPUT ¢
PORTS DATA DATA+1
TSD
STROBE*

BUSY SELECTEDFOR FIFO OPERATION

TSW :
BUSY ‘\
2-4 CLOCK 4—»
FIFO READ 5
(INTERNAL) 5
5-10 CLOCKS i« \
PD OUTPUT v
PORTS DATA DATA+1
TSD
STROBE* —/—
TSW ‘

3-316




ST16C553

€5509L1S

3-317



ST16C553

ST16C553

3-318






ST78C35
ST84C72



STARTECH  rmmim ST78C35

Printed May 18, 1993
GENERAL PURPOSE INPUT/OUTPUT PORT WITH 128 BYTE FIFO

| ESCR'PT'ON ‘ .:’3: . "‘.: | PLCC Package
The ST78C35 is a monolithic Bidirectional Parallel o L b B g i .o
portdesigned to operate as ageneral purpose I/O port. zEisab¥oe g
It contains all the necessary input/output signals to be [el [l <=~ [FI R =] =] =] ]
configured as a CENTRONICS printer port. we [ 0 B
The ST78C35 is a general purpose input/output woe 8] (3] po7
controllerwith 128 byte internal FIFO. FIFO operation vr o] [37] voe
can be enabled or disabled and configured for either : % % ":':
direction. For CENTRONICS printer operation, all o [ e
registers are mapped to IBM printer port registers. » (@] ST78C35CIA4 =) e
The ST78C35 is designed to operate as normal b2 [i4] [32] Pt
printer interface without any additional settings. o1 (i8] (3] Poo
Contents of the FIFO will be cleared after reset or mx % : :'/‘:
setting the INIT pin to a low state. The auto FIFO - _
operation starts after the first ACK* is received from =] EJR @M[@JE}@E K]
the printer. Contents of the FIFO transfer to the cg3 : 2 é L E 2
printer at the printer loading speed. The ST78C35 = '»‘: E g - E
FIFO can operate asinput or output by setting the port =
direction.
Plastic-DIP Package
ERROR* |1 N E] vee
siet 2] 39] 1oR®
BUSY E ss] 1owr
« 128 Byte inputioutput FIFO hee E o~
« 5 General purpose input ports Lo o] o
« 8 Bidirectional ports MODE E E A2
« 4 Open drain input/output ports o7 [7] sa] Po7
» Replaces all TTL logic for IBM printer port os [s] 3] Pos
» IBM printer port register compatible os [5] ] eos
¢ 4 User programmable strobe pulse widths §
« Selectable FIFO trigger level os [0 8 o1]  ros
« Intel / Motorola bus compatible os [t1] § E
D2 E ";) E PD2
o1 [i3] 28] D1
o [14 27] PO
_ORDERING INFORMATION - [ 5 som
XTAL1Y 17 24 INIT
Part number Package Operating temperature XTAL2 % % AUTOFDXT®
ST78C35CJ44 PLCC 0° to +70° C T §
ST78C35CP40  Plastic-DIP  0° to +70° C e B 2] strose
ST78C351J44 PLCC -40° to +85° C enp  [ao] E_l] RESET

ST78C351P40 Plastic-DIP  -40° to +85° C
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BLOCK DIAGRAM

<0
4—» =3
D0-D7 53 . %
EEo
0oL = PDO-PD7
»j oo WL
o
o
o
A0-A2 4 3
" B0
cs =29
RMW*, MODE e E o]
IOR*, lOW* u g-
RESET % | ACK*,BUSY, PE
Qu < SELECT ERROR
FES
>l iU g
- z59 STROBE*, INIT
5 »lzo $ AUTOFDXT*
0 & SELCTIN
INT/IRQ* o L.
DTACK w9 cLocK
z CIRCUIT
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SYMBOL DESCRIPTION

_Pin | SignalType|  PinDescripion
| 1 | | | General purpose input or CEVNTRONVICS EﬁvROR input pin.
SLCT 2 | General purpose input or CENTRONICS SLCT input pin.
BUSY 3 | General purpose input or CENTRONICS BUSY input pin.
ACK* 4 | General purpose input or CENTRONICS ACK* input pin.
PE 5 | General purpose input or CENTRONICS PE input pin.
MODE 8 | Intel / Motorola Bus select. ST78C35 is set to Intel bus

format when this pin is connected to VCC and Motorola bus
format when this pin is connected to GND.

D7-0 9-16 /o] Data bus.

DTACK 17 o Data acknowledge output. This pin goes low when data has
been accepted by ST78C35.

IRQ 19 O Interrupt output. Three state output when not enabled.
Polarity of this pin can be selected via setup register bit-7.

XTAL1 20 | Crystal or External clock input. Crystal connection between
XTAL1 and XTAL2 input/output pins.

XTAL2 21 o Crystal output pin.

cs* 22 | Chip select input. Read and write operation to ST78C35 is
active when this pin is low.

GND 23 o Supply ground pin.

RESET 24 | Reset input pin. Polarity of this pin changes when ST78C35

is configured for Intel or Motorola bus format. This pin is
active high when Intel format is selected and active low
when Motorola bus format is selected.

STROBE* 25 O General purpose open drain output or CENTRONICS
STROBE* output pin.

* 44-pin PLCC package
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SYMBOL DESCRIPTION

. Symbol Pin Signal Type Pin Description

AUTOFDX* 26 (0] General purpose open drain output or CENTRONICS
AUTOFDX* output pin.

INIT 27 (0] General purpose open drain output or CENTRONICS INIT
output pin.

SLCTIN* 28 (o] General purpose open drain output or CENTRONICS
SLCTIN* output pin.

GND 30 O Supply ground pin.

PD7-PDO 38-31 110 General purpose input/output ports or CENTRONICS
DATA port.

A2 39 | ST78C35 A2 address line.

A0 40 | ST78C35 A0 address line.

A1l 41 | ST78C35 A1 address line.

IOW* 42 | Write strobe. A low on this pin will transfer the contents of
the CPU data bus to the addressed register. This pin is used
as R/W* in Motorola bus format.

IOR* 43 | Read strobe. A low on this pin will read contents of ad-
dressed register.

VCC 44 | Power supply input pin.

PORT REGISTER
Bidirectional 1/O or printer port.

PR BIT 7-0:
PD7-PDO0 bidirectional I/O ports.

Writing to this register during output mode will transfer
the contents of the data bus to the PD7-PDO0 ports .

Reading this register during input mode will transfer
the states of the PD7-PDO to the data bus. This
register will be set to the output mode after reset.

STATUS REGISTER
This register provides the state of the printer
outputs and the interrupt condition.
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SR BIT 1-0:
Not used. Are set to “1” permanently.

SR BIT-2:

Interrupt condition.

0= an interrupt is pending

This bit will be set to “0” at the falling edge of the ACK*
input.

1= no interrupt is pending

Reading the STATUS REGISTER will set this bit to
“17.

SR BIT-3:

ERROR* input state.

0= ERROR* input is in low state
1= ERROR* input is in high state

SR BIT4:

SLCT input state.

0= SLCT input is in low state
1= SLCT input is in high state

SR BIT-6:

PE input state.

0= PE input is in low state
1= PE input is in high state

SR BIT-6:

ACK* input state.

0= ACK* input is in low state
1= ACK* input is in high state

SR BIT-7:

BUSY input state.

0= BUSY input is in high state
1= BUSY input is in low state

COMMAND REGISTER

The state of the four open drain output pins
(STROBE*, AUTOFDXT*, INIT, SLCTIN*), and
interrupt enable bit can be read by this register
regardless of the 1/O direction.

COM BIT-0:
STROBE* input pin.
0= STROBE* pin is in high state

4-7

1= STROBE* pin is in low state

COMBIT-1:

AUTOFDX* input pin.

0= AUTOFDX* pin is in high state
1= AUTOFDX* pin is in low state

COM BIT-2:

INIT input pin.

0= INIT pin is in low state
1= INIT pin is in high state

COM BIT-3:

SLCTIN* input pin.

0= SLCTIN* pin is in high state
1= SLCTIN* pin is in low state

COM BIT4:

Interrupt mask.

0= Interrupt is disabled
1= Interrupt is enabled

COM BIT 7-5:
Not used. Are set to “1” permanently.

CONTROL REGISTER.

Writing to this register will set the state of the four open
drain output pins (STROBE*, AUTOFDXT*, INIT,
SLCTIN), and interrupt mask register.

CON BIT-0:

STROBE* output control bit.

0= STROBE* output is set to high state
1= STROBE* output is set to low state

CON BIT-1:

AUTOFDX* output control bit.

0= AUTOFDX* output is set to high state
1= AUTOFDX* output is set to low state

CON BIT-2:

INIT output control bit.

0= INIT output is set to low state
1= INIT output is set to high state

S€I8L1S
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CON BIT-3:

SLCTIN* output control bit.

0= SLCTIN* output is set to high state
1= SLCTIN* output is set to low state

CON BIT4:

Interrupt output control bit.

0= IRQ output pin is disabled. Set to three state
1= IRQ output pin is enabled

CON BIT-5:

1/0O select. Direction of the PD7-PDO can be
selected by setting or clearing this bit.

0= PD7-PDO are set for output mode

1= PD7-PDO are set for input mode

CON BIT 7-6:
Not used.

SETUP REGISTER
This register sets the ST78C35 operating
conditions.

STR BIT-0:

FIFO select bit.

0=FIFO disable (default)
1=FIFO enabled (128 bytes)

STR BIT1-2:
Interrupt source select bits.

STR-2|STR-1| CONDITIONS
0 0 Single character interrupt (ACK*)
0 1 FIFO empty interrupt
1 0 Programmable trigger level
interrupt
1 1 FIFO full interrupt
STRBIT34:
Strobe width select bits.

0 0 Strobe width=1ps

0 1 Strobe width=2us

1 0 Strobe width=5us

1 1 Strobe width=10pus
STR BIT-6:

Interrupt vector select bit.

0=Normal interrupt output. Contents of the interrupt
register is read when Address 01 Hex is read.
1=Interrupt vector source selected. Contents of the
interrupt vector register is read when Address 01
Hex is read.

STR BIT-7:

Interrupt polarity select bit.
O=Interrupt output pin is active low.
1=Interrupt output pin is active high.

FIFO STATUS REGISTER
This register provides the FIFO enable/disable and
FIFO counter location.

FSR bit-0:
0=FIFO disabled
1=FIFO enabled

FSR1-7:
In Use FIFO locations in Hex format.

FIFO INTERRUPT TRIGGER REGISTER
User selectable software control FIFO trigger level
interrupt select register.

FIT BIT-0:

0=Normal. Interrupt selected from setup register
1=FIFO trigger level. ST78C35 interrupt output is
set when FIFO count reached to FIFO trigger level.

FIT BIT1-7:
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FIFO trigger select level in Hex format.

USER DEFINED INTERRUPT VECTOR REGISTER
ST78C35 provides user defined interrupt service
jump routine.

IVR BITO-7:

PRINTER PORT PROGRAMMING TABLE:

0 0 0 PORT REGISTER PORT REGISTER

0 0 1 STATUS REGISTER

0 1 0 CONTROL REGISTER COMMAND REGISTER

0 1 1 SETUP REGISTER SETUP REGISTER

1 0 0 FIFO INTERRUPT TRIGGER REGISTER FIFO STATUS REGISTER

1 0 1 INTERRUPT VECTOR REGISTER INTERRUPT VECTOR REGISTER
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ST78C35 PRINTER PORT REGISTER CONFIGURATIONS

PORT REGISTER (READ/WRITE)

PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

STATUS REGISTER (READ ONLY)

fp3 Ip2 I

BUSY* ACK PE SLCT ERROR IRQ 1 1

COMMAND REGISTER (READ ONLY)

|oe  ips Ipa  fps  Ip2  Ip1 DO

1 1 1 IRQ SLCTIN* INIT AUTO- STROBE*
ENABLE FDX*
0= IRQ
disabled
1= IRQ
enabled

CONTROL REGISTER  (WRITE ONLY)

o T

X X 110 IRQ SLCTIN* INIT STROBE*
SELECT MASK FDX*
0=Output 0=IRQ output

disabled (three state)
1=Input 1=IRQ output

enabled
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SETUP REGISTER

IRQ INTERRUPT | STROBE
POLARITY | VECTOR

STROBE INTERRUPT | INTERRUPT
WIDTH SEL. |WIDTH SEL. | SOURCE SOURCE EN/DIS

FIFO INTERRUPT TRIGGER REGISTER

FIFO FIFO FIFO FIFO FIFO FIFO FIFO INTERRUPT
TRIGGER-6 TRIGGER-5 TRIGGER-4 TRIGGER-3 TRIGGER-2 TRIGGER-1 TRIGGER-0 TYPE

FIFO STATUS REGISTER

FIFO FIFO FIFO FIFO FIFO FIFO
COUNT-6 COUNT-5 COUNT-4 COUNT-3 COUNT-2 COUNT-1

INTERRUPT VECTOR REGISTER

INTERRUPT | INTERRUPT
VECTOR-7 VECTOR-6

INTERRUPT
VECTOR-5

INTERRUPT | INTERRUPT |INTERRUPT |INTERRUPT |[INTERRUPT
VECTOR-4 VECTOR-3 VECTOR-2 VECTOR-1 VECTOR-0
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AC ELECTRICAL CHARACTERISTICS

T,=25°C, V_.=5.0V + 5% unless otherwise specified.
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ABSOLUTE MAXIMUM RATINGS

Operating supply range 7 Volts £ 5%
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 + 5% unless otherwise specified.

 Parameter |  limits | Units| C

Vi« | Clock input low level -0.3 0.6 \

Viex | Clock input high level 3.0 Vee \Y

V, Input low level -0.3 0.8 \"

Vi, Input high level 22 Vce \

Vo Output low level 0.4 \" l,,= 6.0 mA D7-D0
1,,= 20.0 mA PD7-
PDO
I,= 10 mA
SLCTIN*, INIT*,
STROBE*,
AUTOFDXT*
l,,= 6.0 mA on all
other outputs

Vou Output high level 24 \ low= -6.0 mA D7-
DO
loy= -12.0 MA
PD7-PDO
lo=-0.2 mA
SLCTIN®,
INIT*,STROBE*,
AUTOFDXT*
l,=-6.0 mA on all
other outputs

lee Avg power supply 12 mA

current
I Input leakage +10 HA
lo Clock leakage 10 uA
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#2 STARTECH ST84C72

Printed May 18, 1993
IDE INTERFACE WITH I/0 DECODE

DESCRIPTION ' PLCC package
The ST84C72 is designed to replace all necessary yxsssisals $afa § g ¥
TTL logics for 16 bit IDE interface and decode logic for |;| BR Hl;I = |;| = I% [%é r‘i [; @ Fi
floppy controller and serial / parallel I/O ports. A select e °
pinis provided to select primary or secondary address n 1] w0
for hard and floppy decodes. On board crystal oscilla- "°; g :'1"
tor circuit provides 16, 9, and 1.8461 MHz clock oeEn ,:z s
outputs for some floppy controliers and uart from 48 reoen (18] sREseT
MHz external crystal connected to ST84C72. ":: % :‘:
S$T84C72CJ68
xTaz [18] s06
ono [13] so8
ckts (20 sO4
ckes (21 so3
ror [22] so2
res (2 s01
Fer [24] soo
locs16” E 10EN
HIBEN E vee

83333 gsass 3s§§§

FEATURES

o Low power CMOS design

o Direct bus connect

o Replacement for more than 7 TTL parts

« High speed for new design

e Selectable 1/0 decode ports. ( COM1-COM4,

LPT1-LPT2)

e Floppy address decode

¢ Pin selectable primary and secondary address
decodes
'ORDERING INFORMATION

Part number Package Operating temperature

ST84C72CJ68 PLCC 0°C to +70°C
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SYMBOL DESCRIPTION

SA0-SA2 Host address lines A0-A2.

SA3-SA9 33-40 | Host address lines A3-A9.

SA10 43 | Host address line A10.

SALE 32 | Host address latch enable (active high).

SAEN* 42 I Host address enable (active low). All decoded addresses

are valid when SAEN* is low.

siow* 41 | Host I/O write signal input (active low). Buffered data bus
(BD7-BD0) are gated with SIOW*, SIOR* and I/0 decoded
addresses to insure proper valid data time slots.

SIOR* 40 | Host 1/0O read signal input (active low).Buffered data bus
(B07-BD7) are gated with SIOR*, SIOW* and 1/0 decoded
addresses to insure proper valid data time slots.

SDO0-SD7 46-53 le} Host data bus.

SRESET* 55 | Host system reset (internally pulled up, active low). This pin
is used to set internal clock dividers to known state. For
normal operation this pin should be left open-or connected
to VCC.

XTAL1 17 | Crystal or external clock input. A crystal can be connected
between XTAL1 and XTAL2 with some additional filters to
generate 48 Mhz clock frequency for floppy controller and
UART clock . This pin can be connected to VCC or GND if
CLK16, CLK9.6 and CLK1.8 are not used.

XTAL2 18 (0] Crystal output. This pin should be left open if external clock
is used to connect to XTAL1 or clock is not used.

LPT1* 58 (o] Line printer 