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&=) STARTECH

SEMICONDUCTOR, INC. President's Message

To Our Valued Customer:

Startech Semiconductorwas founded in 1990, with the charter to design, manu-
facture and market high performance data communication peripheral products in
boththe commercial and industrial semiconductormarkets. 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 Semiconductoris proud to present you with ourupdated 1992 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 company 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.
H’W

Art Khachaturian
Vice President
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E=) STARTECH ST49C061

APR 1992
PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR

SOIC Package
The ST49C061 is a monolithic analog CMOS device o
designed to generate dual frequency outputs from REFCLK pvce
seven possible combinations for video Dot clock FOLKIN DOLK
frequencies and four memory clock frequencies for
high performance video display systems. The EXCLK DCLKE
ST49C061 is a mask option programmable device to A0 NC.
provide different output frequencies for custom appli- Al AGND

cations. It is designed with 1.2u process to achieve
130 MHz speed for high end frequencies.

S$T49C061CF20-XX
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The ST49C061 is designed to replace existing video VGATTL MCLKE
clocks generated fromindividual oscillators, to reduce FOLKSEL NC.
board space and number of oscillators. To provide high

speed and low jitter clock, The ST49C061 utilizes high MAD MaLK
speed analog CMOS phase locked loop using 14.318 GND MA1

MHz system clock as reference clock (reference clock
can be changed to generate optional frequencies from
standard programmed device).

The ST49C061 can provide optional clock frequencies,
utilizing single layer metal mask option. The pro-
grammed clock outputs are selectable via fouraddress
lines and address latch enable pin for video Dot clock
selection and two address lines for memory clock

selection. Plastic-DIP Package
REFCLK  [1] 7 20] ovee
FCLKON  [2] 19] Dow
exck 3] 18] Dpoue
* Can replace multiple oscillators/crystals o [4] % 7] Ne.
* Pin -to-pin compatible to ICS90C61A ﬁ
* Programmable analog phase locked loop mo[s| & 18] acnD
* High speed (up to 130 MHz output) ten [ § 5] avec
* Low power single 5V CMOS technology MCLKE
* 20 pin dip or SOIC package veATTL E % E
* Compatible with Westem Digital Imaging Video FoLKsEL 3] 13] ne.
Graphics Array clock requirements. MAD E E] MCLK
oNo  [10] 1] wat

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
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ST49C061

FCLKSEL EXCLK FCLKIN

AO-A1 VGATTL
REFCLK —} ¢ ock CIRcUIT SELECT
LoGIC
DIVIDER PROGRAMMABLE
B DIVIDER A
VOLTAGE
PHASE OSCILLATOR - DIVIDER
DETECTOR c
PHASE DIVIDER
VOLTAGE
DETECTOR e c
OSCILLATOR
DIVIDER PROGRAMMABLE
— B DIVIDER A
SELECT
LoGIC
MAO, MA1

DCLKE
OUTPUT MUX — DCLK
OUTPUT MUX |—» MCLK
A
MCLKE
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SYMBOL DESCRIPTION

REFCLK 1 | External 14.318 MHz system reference clock input.

FCLKIN 2 | Feature clockinput.

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

A0 4 | Dot clock Frequency select address 1.

Al 5 | Dot clock Frequency select address 2.

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

programmed clock output.

VGATTL 7 | Control input for DCLK selection.

FCLKSEL 8 I Control input for FCLK selection.

MAO 9 ] Memory clock Frequency select address 1.

DGND 10 (o) Digital ground.

MA1 1 | Memory clock Frequency select address 2.

MCLK 12 o Programmed memory clock output frequency.

N.C. 13 Noconnect.

MCLKE 14 | MCLK output enable.

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

AGND 16 o Analog ground.

N.C. 17 Noconnect.

DCLKE 18 | DCLKoutput enable.

DCLK 19 (o] Programmed video clock output frequency.

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

1-6
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ST49C061

GENERAL INFORMATION

The Western Digital Imaging VGA controllers normally
have a status bit that indicatestothe VGA controllerthat
it is working with a clock chip. The VGA controller has
capabilityto 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 intemally connected to the DCLK output. The addi-
tional inputs are useful for supporting modes that re-
quire 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 forcalculating 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=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.



ST49C061

19006V1S

Video FCLKSEL VGATTL Al A0 Frequency Frequency
clock (MH2) (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 44744
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 WDS0C30

** Note: FCLKIN and EXCLK may be programmed to output custom frequencies.
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ST49C061

ACELECTRICAL CHARACTERISTICS

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

T, Enable pulse width 20 ns
T, Setuptime datato enable 20 ns
T, Hold time to data enable 10 ns
T, Risetime 4 ns
T, Falltime 4 ns
Ts Duty cycle 40 | 48/52 | 60 %
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 %

1-8
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ABSOLUTE MAXIMUM RATINGS
Operating supply range 7 Volts £ 5%
Voltage at any pin GND-0.3V to VCC+0.3V
Operatingtemperature 0°C to +70°C
Storagetemperature -40°C to+150°C
Package dissipation 500 mW

DCELECTRICAL CHARACTERISTICS

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

i
vV, Input low level 0.8 Vv
Vi Input high level 20 v
Vo Output low level 04 v
Vou Output high level 24 v
I Input low current -5 VA
l, Input high current 5 HA
lee Operating current 10 mA No load.
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TIMING DIAGRAM
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&= STARTECH ST49C103/104/114

APR 1992
PREPROGRAMMED FREQUENCY GENERATOR

SOIC Package

The ST49C103 and ST49C104 are mask program-
mable monolithic analog CMOS devices designed to

(

existing video clocks generated fromindividual oscilla-
tors in order to reduce board space and number of XTAL2
oscillators. To 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 that reference clock can be
changed to generate optional frequencies from a stan-
dard programmed device). The programmed clock
outputs are selectable via three address lines and
addresslatch enable pin. The ST49C104 also includes
apoweronreset circuit which will cause the selectlogic
toselectthe frequency at address "000" upon powerup.
The latch enable pinis also mask programmable to be
active high, active low orrising orfalling edge sensitive. Plastic-DIP package

generate up to 8 single frequency outputs from asingle m (1] 14] 0
input clock. The ST49C104 will provide eight different A2 E EI LF
output frequencies andthe ST49C103 will provide four LEN E = E' Avee
different output frequencies. They are designed in a g

1.2y process to achieve 130 MHz speed for high end AcND  [4] g El bvee
frequencies. DGND  [5] s 0] cwo
The ST49C103 and ST49C104 are designed to replace XTALY E EI cLK2

(7] 8]

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

* Pin-to-pincompatible to Avasem AV9104/AV9103

* Programmable analog phase locked loop

b
z

ST49C104CP14
[=][]e][2/R][E][]
:

* Low power single 5V CMOS technology DGND CLKO
* 8 or 14 pin DIP or SOIC package. XTAL1 CLK2
XTAL2 CLK1

Part number Package Operating temperature
ST49C103CP8  Plastic-DIP 0° C to +70° C
ST49C103CF8 SOIC 0° C to +70° C
ST49C104CP8 Plastic-DIP 0° C to +70° C
ST49C104CF8 SOIC 0° C to +70° C
ST49C104CP14 Plastic-DIP 0°C to +70° C
ST49C104CF14 SOIC 0° C to +70° C

ST49C114CP14 Plastic-DIP 0° Cto +70° C
ST49C114CF14 SOIC 0° C to +70° C
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ST49C103/104/114

BLOCKDIAGRAM
Y
PHASE I VOLTAGE DIVIDER OUTPUT MUX
DETECTOR ‘ CONTROLLED c — co
OSCILLATOR -
L— CLK1
L ak
DIVIDER PROGRAMMABLE
B DIVIDER A
A

XTALT —»

XTAL2 +—

OSCILLATOR

SELECT

LoGIC

I

DA
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ST49C103/104/114
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SYMBOL DESCRIPTION (ST49C104 14 pin package) §
rS

Al 1 I 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 orexternal clockinput. A crystal can be connected to

this pin and XTAL2 pinto generate intemal phase locked loop
reference clock. Forexternal 14.318 MHz clock, XTAL2is left
open or used as buffered clock output.

XTAL2 7 (o] Crystaloutput.

CLK1 8 | External clock 1 input.

CLK2 9 | External clock 2 input / output select.
CLKO 10 o Programmed output clock.

pvcc 1" | Digital supply voltage. Single +5 volts.
AVCC 12 | Analog supply voltage. Single +5 volts.
LF 13 (o] Loopfilter.

A0 14 | Frequency select address input 1.

ST49C114/ST49C104 have same pin out, except ST49C114 has higher output drive level.

1-13




ST49C103/104/114

ST49C103/104/114

SYMBOL DESCRIPTION (ST49C104 8 pin package)

A1l | Frequency select address input 2.
A2 | Frequency select address input 3.
GND (o) Digital ground.
XTAL1 | External clock input. Internal phase locked loop reference
clock .
CLKO (o} Programmed output clock.
VvCcC | Digital supply voltage. Single +5 volts.
LF (o] Loopfilter.
A0 | Frequency select address input 1.
At [1] e 8] a0
n 2] § 7]
oD [3] 2 6] vec
il [4] % 5] cwo

1-14




ST49C103/104/114

SYMBOL DESCRIPTION (ST49C103 8pin package)

Al 1 Frequency select address input 2.

GND (o] Digital ground.

XTAL1 | Crystal orexternal clock input. A crystal can be connected to
this pin and XTAL2 pinto generate intemal phase locked loop
reference clock. Forexternal 14.318 MHz clock, XTAL2is left
open or used as buffered clock output.

XTAL2 o Crystaloutput.

CLKO (o) Programmed output clock.

vCcC I Digital supply voltage. Single +5 volts.

LF o Loopfilter.

A0 | Frequency select address input 1.

At [1] k&._/ 8] a0
oo 2| & [1] v
XTAL1
E § 6] vec
XTAL2 |4 @ El CLKO

9
&
Q
-
o
@
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g
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ST49C103/104/114

ST49C103/104/114

FREQUENCY SELECT CALCULATION

The ST49C104 contains an analog phase locked loop
circuitwith digital closed loop dividers and afinal output
multiplexerto achievethe desired dividing ratios forthe
clock output.

The accuracy of the frequencies produced by the
ST49C104 dependsontheinputfrequency anddivider
ratios. The formula for calculating the exact output
frequency is as follows:

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

where A=123,....... 127
=8, 16, 32,64
C=1,24,8

Forproperoutputfrequency, the ST49C104 can accept
areference frequency from 5- 40 MHz and dividerratio
upto 15.

MASKOPTIONS

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

The following mask options are provided for custom
applications.

* Latch Enable can be edge triggered or level
sensitive.

* Latch Enable can be active high or active low.

* Any frequency can be in any decoding position.

* CLK1 and CLK 2 can be included in decoding table.

* CLK2 can control selection of either CLK 1 orthe
internal frequencies.

xX X
xX X

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.
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ACELECTRICAL CHARACTERISTICS
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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 4 ns
T, Falltime 4 ns
T, Duty cycle 40 | 48/52 | 60 %
T, Jitter 85 | +100 ps
T, Input frequency 14.318 32 MHz
T, Input clock rise time 20 ns
Teo Input clock falltime 20 ns
T, Output frequency change 0.005 %

Input clock frequency = 14.318 MHz
* Input clock frequency = 16.0 MHz
** Input clock frequency = 8.0 MHz

00 0 . 39.0000 32.00 . .

0 0 1 |16257 16.331 | 28.322 28412 | 56.664 56.824 | 25.000 25.000 | 40.00  40.00
010 Clk2 Clk2 | 32514 32663 | 65.028 65.326 | 30.750 30.750 | 50.00  50.00
0 1 1 |32514 32663 | 36.000 35.795 | 72.000 71.590 | 26.250 26250 | 1.00 1.00
1 0 0 | 25175 25.056 | 40.000 39.822 | 80.000 79.640 | 32.000 32.000 | NA

1 0 1 |28322 28412 | 44900 44.744 | 89.800 80488 | 25250 25250 | N/A

1 1 0 |24.000 23.938 | 50.000 50.113 | 75.000 75.169 | 31250 31250 | N/A

1 1 1 | 40000 39.822 | 65000 65.326 | 108.00 108.280 | 37.500 37.500 | N/A

ST49C104-1 Transparent for LEN high
ST49C104-2 Transparent for LEN low
ST49C104-3 Transparent for LEN low

1-17
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ST49C103/104/114

ABSOLUTE MAXIMUM RATINGS

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

DCELECTRICAL CHARACTERISTICS

T,=25°C, V=5.0V + 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 mwW

vV, Input low level

V, Inputhighlevel
Vo Outputlow level
Vou Output high level
I, Input low current
h Input high current
lee Operating current

20

24

10

0.8

04

-5

3EE<<<c<

Except crystal input

No load.

1-18
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00O 25.500 25.500

001 16.500 16.500

0 1 0 | 20750 20.750

011 22500 22.500

100 24500 24.500

101 19.500 19.500

110 15.000 15.000

111 14.000 14.000

TIMING DIAGRAM

LEN
T2 fe—> T3

AC-A2 /

CLOCKIN \

CLOCK
out

T6

4
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=) STARTECH ST49C214

APR 1992
PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR

SOICPackage
The ST49C214 is a monolithic analog CMOS device 7
designed to generate dual frequency outputs from six- XTAL1 E @ pvce
teen possible combinations for video Dot clock frequen- xtaz [2] 9] Dok
cies and four memory clock frequencies for high per-
formance video display systems. The ST49C214is a excik (3] 18] Bow
mask option programmable device to provide different A [4] S 7] oo
output frequencies for custom applications. It is de- At E i E| GND
signed with 1.2 process to achieve 130 MHz speed for §
high end frequencies. ten (6] g 15| Avce
The ST49C214 is designed to replace existing video A2 E 5 14| GND
clocks generated from individual oscillators, to reduce 3 E E pvee
board space and number of oscillators. To provide high
speed and low jitter clock, The ST49C214 utilizes high wo  [s] [12] o
speed analog CMOS phase locked loop using 14.318 GND E 1__1] MA1
MHz system clock as reference clock (reference clock
can be changed to generate optional frequencies from
standard programmed device) or external crystal con-
nected between XTAL1 and XTAL2.
The ST49C214 can provide optional clock frequencies,
utilizing single layer metal mask option. The pro-
grammed clock outputs are selectable via fouraddress
lines and address latch enable pin for video Dot clock
selection and two address lines for memory clock Plastic-DIP Package
selection.
/
xtaut [1] [20] ovee
xTaz 2] s] Dok
: : exck |3 8] BoLK
* Can replace multiple oscillators/crystals o [4] g 7] oo
* Pin -to-pin compatible to ICS2494 §
* Programmable analog phase locked loop a5 Q 1e] oo
* High speed (up to 130 MHz output) Len 6] g 15] Avec
* Low power single 5V CMOS technology e [7] £ 4 ow
* 20 pin dip or SOIC package @
a8 13] Dpvee
mo [o] 12]  MCLK
onp  [1o] 1] mas

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

BCLK LEN AG-A3 EXCLK
XTALT ——]
OSCILLATOR SELECT
XTAL2 +—— Loaic
DIVIDER PROGRAMMABLE
B DIVIDER A
VOLTAGE
CONTROLED
PHASE . DIVIDER
DETECTOR OSCILLATOR c OUTPUT MUX DCLK
PHASE DIVIDER MCLK
DETECTOR VOLTAGE > c OUTPUT MUX
CONTROLED
- OSCILLATOR r
] owioer PROGRAMMABLE
B DIVIDER A
SELECT
LOGIC
MAO, MA1
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ST49C214

SYMBOL DESCRIPTION

XTAL1

XTAL2
EXCLK
A0
Al

LEN

MCLK
DvCC
GND
AVCC
GND
GND
BCLK
DCLK

DvCC

10

11

12

13

14

15

16

17

18

19

O O O O

Crystal or external clock input. A crystal can be connected
to this pin and XTALZ2 pin to generate internal phase locked
loop reference clock. For external 14.318 MHz clock,
XTAL2 is left open or used as buffered clock output.
Crystal output.

External clockinput.

Dot clock Frequency select address 1.

Dot clock Frequency select address 2.

Address latch enable input (active high). To latch selected
programmed clock output.

Dot clock Frequency select address 3.
Dot clock Frequency select address 4.
Memory clock Frequency select address 1.
Digital and Analog ground.

Memory clock Frequency select address 2.
Programmed memory clock output frequency.
Digital supply voltage. Single +5 volts.
Digital and Analog ground.

Analog supply voltage. Single +5 volts.
Digital and Analog ground.

Digital and Analog ground.

Buffered crystal clock output frequency.
Programmed video clock output frequency.

Digital supply voltage. Single +5 volts.
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ST49C214

ST49C214

FREQUENCY SELECT CALCULATION

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

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

XCLK = (Reference clock) X (A/B.C)
where A=1,23,......... 127

B=1.23........127. AND
C=124

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

MASKOPTIONS

The following mask option are provided for custom
applications.

* Any frequency can be in any decoding position.
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Video clock
address Frequency Frequency Frequency Frequency Frequency
(Hex) (MH2) (MHz) (MHz2) (MH2) (MH2)
0 XTAL 30.000 25.175 20.000 50.350
1 65.028 77.250 28.325 24.000 56.644
2 EXCLK EXCLK 85.000 32.000 65.000
3 36.000 80.000 44.900 40.000 72.000
4 25.175 31.500 40.000 50.000 80.000
5 28.322 36.000 48.000 66.667 89.800
6 24.000 75.000 50.000 80.000 63.000
7 40.000 50.000 81.150 100.000 75.000
8 44.900 40.000 25175 54.000 25.175
9 50.350 50.000 28.325 70.000 28.322
A 16.257 32.000 37.500 90.000 31.500
B 32.514 44.900 44.900 110.000 36.000
Cc 56.644 25.175 40.000 25.000 40.000
D 20.000 28.322 32.500 33.333 44,900
E 41.539 65.000 50.000 40.000 50.000
F 80.000 36.000 65.000 50.000 65.000
Memory Frequency Frequency Frequency Frequency Frequency
clock (MHz) (MHz) (MHz) (MHz) (MHz)
address
(Hex)
0 32.900 36.000 36.000 16.000 40.000
1 35.600 44.347 40.000 24.000 41612
2 43.900 37.500 45.000 50.000 44,744
3 49.100 44773 50.000 66.667 50.000
Compatible with  1CS-236 ICS-242 ICS-231 ICS-244 ICS-237
Video Controller GD6410 WD90C30 ET4000 ET4000
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ST49C214

Video clock
address Frequency Frequency
(Hex) (MH2) (MHz)
0 25175 25.175
1 28.322 28.322
2 40.000 40.000
3 65.000 32.500
4 44.900 50.000
5 50.000 65.000
6 130.000 38.000
7 75.000 44.900
8 25.175 31.500
9 28.322 36.000
A EXCLK 80.000
B EXCLK 63.000
(o4 60.000 50.000
D 80.000 100.000
E EXCLK 76.000
F EXCLK 110.000
Memory Frequency Frequency
clock (MHz) (MHz)
address
(Hex)
0 32.900 70.000
1 35.600 63.830
2 43.900 60.000
3 49.100 81.000
Compatible with  1CS-253
Video Controller NCR22C22E HT216
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14T 40 AR

ACELECTRICAL CHARACTERISTICS

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

T, Enable pulse width 20 ns
T, Setup time datato enable 20 ns
T, Hold time to data enable 10 ns
T, Rise time 4 ns
T, Falltime 4 ns
T, Duty cycle 40 | 4852 | 60 %
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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ST49C214

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
Storagetemperature -40°C to+150°C
Package dissipation 500 mW

DCELECTRICAL CHARACTERISTICS

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

V. Input low level 0.8 v

V,, Inputhighlevel 20 \'

Vo Output lowlevel 0.4 V)

Vou Output high level 24 v

I Input low current ' -5 HA Except crystal input
L Input high current 5 HA

lec Operating current 10 mA No load.
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TIMING DIAGRAM

T .
LEN \
/ i
; A
T2 e 13 jel
AC-A3 i
MAO-MAT
EXCLK \
MCLK
DCLK
™
BCLK / \ / \
H H
> - T10 T9 >l ke
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ST49C214

ST49C214- Frequency generator programming information

2. Please fill in the nominal frequencies required.

3. Crystal orinput clock frequency

SAA A A a0 00000000

AN 0000 aa0000
A 002020020200

0 0
0 1
1 0
1 1
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&= STARTECH ST49C394

APR 1992
PREPROGRAMMED VIDEO DOT CLOCK FREQUENCY GENERATOR

SOICPackage

The ST49C394 is a monolithic analog CMOS device

designed to generate dot clock frequency outputs from U/
thirty two possible combinations in high performance s [1] I
video display systems. The ST49C394 is a mask pro- LEN E E At
grammable device that allows complete flexibility in vee E 1_—81 A0
frequency choice. It is designed in a 1.2y process to %
achieve 135MHz speed for high end custom applica- Ascikt [4] g 17] AonD
tions. xtan [s| & g we
The ST49C394 is designed to replace existing video XTAL2 E E' NC
clocks generated from individual oscillators in order to
reduce board space and number of oscillators. To cwe [7] 5 [ w~e
provide high speed and lowjitter, the ST49C394 utilizes GND E E NC
a high speed analog CMOS phase locked loop that cLKo E E] Avee
uses eitherthe system clockoracrystal forits reference.
The programmed clock outputs are selectable via four ne [t 1] ne
address lines and an address latch enable pin.
Plastic-DIP Package
A [1] ~ 20] a2
* Can replace multiple crystals or oscillators LEN E E Al
* Pin -to-pin compatible to ICS1394
* Programmable analog phase locked loop vee E % E] Ao
* High speed (up to 135 MHz output) agpcikr [4] % [17] acnD
* Low power single 5V CMOS technology xtat 5] & 6] e
* 20 pin DIP or SOIC package XTAL2 E § El NG
cue [7] &[4 wnc
oNo [ 3] N
cwo [ 12| Avec
N (10 1] N

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

BLOCKDIAGRAM
INPUT
AO-A3 LATCH COUNTER
Wi o 1 ] “Rom
DECODER e
| CLK1
POWER CLOCK VCO DOMU'E;?J ‘— clK2
ON DIVIDER DIVIDER .
RESET ® ‘——- ® Mux(©) |—> CLko
LEN f
XTAL1T —— VOLTAGE
OSILLATOR PHASE CHARGE »] CONTROLLED
XTAL2 <«—1 CIRCUIT COMPARATOR PUMP OSCILLATOR

!

1
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SYMBOL DESCRIPTION

XTAL1 5 I Crystal or external clock input. A crystal can be connected
to this pin and XTAL2 pin to generate intemal 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.

A1 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 o Digital ground.

CLKO 9 (o) Programmed clock output.

vcC 3 I 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 isdesigned to output one of the 16 or32
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) islatched 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 clockinput. The ST49C394 isdesigned towork
with the existing ICS 1394 footprint without modifing the
art-work and components. The ST49C394 does not
utilize pins11, 13, 14, 15, and 16 asthese functionsare
implemented internally to reduce the external compo-
nent count and noise problems.

POWER ON RESET

Aninternal poweronresetis 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 forcalculating the exact
output frequency is as follows:

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

where
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
to15.

MASK OPTIONS

The following mask options are provided for custom
applications.

* Address is latched utilizing the LEN pin.

* Transparent address input.

* CLK1 canbe preprogrammed as external clockinput.
* Selectable/Programmable clock frequencies.



ST49C394

Video clock
address Frequency Frequency

(Hex) (MHz2) (MHz)
0 25175 14.318
1 28.322 16.257
2 32.514 FREQO
3 36.000 32514
4 40.000 25175
5 44900 28.322
6 65.000 24.000
7 84.000 40.000
8 25175 14.318
9 28.322 16.257
A 40.000 FREQO
B 44.900 36.000
C 32.514 25175
D 28.322 28.322
E 36.000 24.000
F 65.000 40.000
10 25.175 14.318
11 28.322 65.028
12 32.514 FREQO
13 36.000 36.000
14 40.000 25175
15 44.900 28.322
16 56.000 24.000
17 65.000 40.000
18 25175 44.900
19 28.322 50.344
1A 32514 16.257
1B 40.000 32.514
1Cc 44.900 56.644
1D 60.000 20.000
1E 80.000 50.000
1F 84.000 80.000

* Input clock frequency=14.31818

* strobed address: No
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ST49C394

ACELECTRICAL CHARACTERISTICS

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

O A e W N -

-
3 © @~

A A AAA

-
s

Enable pulse width

Setup time address to enable
Hold time to address enable
Rise time

Fall time

Duty cycle

Jitter

Input frequency

Input clock rise time

Input clock fall time

Output frequency change

20
20
10
40 | 48/52
185
5
0.005

ns
ns
ns
ns
ns

ps
MHz
ns
ns
%

TIMING DIAGRAM

LEN

AO-A4

CLK1,
CLK2

CLKO

T6

™
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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
Storagetemperature -40°C to+150°C
Package dissipation 500 mW

DCELECTRICAL CHARACTERISTICS

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

V, Input low level 0.8 \

Vi, Input high level 2.0 \

Vo Output low level 0.4 \

Vou Output high level 24 \

I, Input low current -5 HA Except crystal

input
[ Input high current 5 bA
lee Operating current 10 mA No load.
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& STARTECH ST26C31

APR 1992
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
and digital data transmission over balanced lines. To

N\
INPUTA

improve noise margin and output stability for slow OUTPUT A+ INPUT D
changing input signals special hysteresis is built in the OUTPUT A OUTPUT D+
ST26C31 circuit. ©

The ST26C31 is a high speed CMOS line driver de- ENABLE &

signed to operate with MFM/RLL controllers and hard OUTPUT B- g ENABLE®
diskdrives aswell as RS-422 digital datatransmission OUTPUT B+ OUTPUTC-

applications. ST26C31 is suitable for low power 5V
operation with high input voltage protection devices.

INPUT B
GND

FRIE EE =]
FREREEEE
g
S
=

Plastic-DIP package
* Pin-to-pin compatible with National DS26C31C
*Low power CMOS design N\
* Three-state outputs with enable pin weuta  [1] 6] veo
*Meetsthe EIA RS-422 requirements OUTPUT A+ E E] INPUT D
*Low propagation delays OUTPUT A E ] outeuroe
*High speed |: © :l
ENABLE 4 % 13 OUTPUT D-
outrure-  [s] g 2]  enamLer
outrutes [ ®  |n] ourmurc
weuts  [7] [10] outpuTCH
oD [8] [s] mweutc

Part number Package Operating temperature
ST26C31CP16  Plastic-DIP 0°C to +70°C
ST26C31CF16 SOIC 0°C to +70°C
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ST26C31

BLOCK DIAGRAM

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

ENABLE —’D_.

ENABLE*
OUTPUT B- OUTPUT C-
OUTPUT B+ OUTPUT C+
; ; ¢ 7
INPUT B L INPUTC
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SYMBOL DESCRIPTION

INPUTA 1 | Driver A input pin.

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

OUTPUT A- 3 (o) Driver A differential inverting output pin.

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

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

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

INPUTB 7 | Driver B input pin.

GND 8 (o} Signal and power ground.

INPUTC 9 | Driver C input pin.

OUTPUT C+ 10 o Driver C differential non-inverting output pin.

OUTPUT C- 1 (o) Driver C differential inverting output pin.

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

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

OUTPUT D+ 14 (o) Driver D differential non-inverting output pin.

INPUTD 15 I Driver D input pin.

VvCcC 16 | Power supply pin.
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ST26C31

Functional table

L H X Z zZ
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'tcare

Z=Three state (highimpedance)

ACELECTRICAL CHARACTERISTICS

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

T, Propagation delay, input to output
T, Differential output rise and fall time
T, Output enable time

T, Outputdisable time

o o ™™

8833

ns
ns
ns
ns
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ST26C31

ABSOLUTE MAXIMUM RATINGS

Operating supply range
Voltage at any pin
Operatingtemperature
Storagetemperature
Package dissipation

DCELECTRICAL CHARACTERISTICS

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

S S SS

g

Inputhigh level

Input low level

Output highlevel

Output low level

Differential output level

Common mode output voltage
Difference incommon mode output
Inputcurrent

Operating current

Three state output leakage

20

25

20

200

EEE<<<<<<<

7 Volts £ 5%

GND-0.3V to VCC+0.3V
0°C to +70°C

-40°C to+150°C

500 mW

R =1000hms
R,=1000hms
R =1000hms

1€0921S
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ST26C31

DIFFERENTIAL LINE DRIVER TIMING

ENABLE \v4 / \
ENABLE* \ / \
INPUT X / \

T3 — T4 T1 T1
OUTPUT X+ \\

T3 —» T4 T T
OUTPUT X- 90%, \

| 110% ,
T2 — j— '—-H f— T2
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&) STARTECH ST26C32

APR 1992
QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER

SOIC package

The ST26C32isaCMOS quad differential line receiver

designed to meet the standard RS-422, RS-423 re- N

quirements. The ST26C32 has an input sensitivity of wPUTA- 1] 18] vec
200mv overthe commonmode input voltagerange of +/ INPUTA+ (2 E] INPUT D-
-7V.To improve noise margin gnd output §tqbnllt¥ er OUTPUTA |3 © 1_—4_' INPUT D+
slow changing input signal, special hysteresis is built in e

the ST26C32circuit. eviee 4] 8§ 1] oututo
The ST26C32is a high speed line receiver designedto outPUTB (5] g 2]  EnasLer
operate withMFM/RLL controllers and hard disk drives )

as well as RS-422, and RS-423 differential applica- weure:  [o ] oureure
tions. ST26C32 provides TTL compatible outputs to wePuTB- 7] [10] wpuTCH
interface with standard 74LS and CMOS design envi- GND E E] INPUT C-
ronments. ST26C32is suitable forlow power 5V opera-

tion.

Plastic-DIP package

* Pin-to-pin compatible with National DS26C32C

* Low power CMOS design NI
* Three-state outputs with enable pin NPUTA- [1] 18] vee
* Meetsthe EIA RS-422 requirements INPUT A+ [2] 5] weuTD-
* Low propagation delays OUTPUTA E © E INPUT D+
* High speed g
evaste [4] § 3] outruto
outPute  [5] g 12] EnasLer
INPUT B+ [6] ® |1} oureutc
weuTE- (7] 10] mPuTCH
ono 8] E_l INPUT C-

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



ST26C32

ST26C32

BLOCKDIAGRAM
. .
INPUT A- INPUT D-
INPUT A+ INPUT D+
OUTPUTA ——— — OQUTPUTD
ENABLE
ENABLE*
OUTPUTB ———m—— ——  OUTPUTC
INPUT B+ INPUT C+
INPUT B- INPUT C-
\ 4

2-10




ST26C32

(4]
2
2
N

SYMBOL DESCRIPTION

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

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

OUTPUTA 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.

OUTPUTB 7 (0] Receiver B output pin.

GND 8 o Signal and power ground.

INPUTC 9 l Receiver C differential non-inverting input pin.

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

OUTPUTC 1 (o) Receiver C output pin.

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

OUTPUTD 13 o Receiver D output pin.

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

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

VvCcC 16 1 Power supply pin.
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ST26C32

Functionaltable

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

ACELECTRICAL CHARACTERISTICS

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

T, Propagation delay, input to output
T, Output enabletime
T, Output disable time

212




ST26C32

ABSOLUTE MAXIMUM RATINGS

Operating supply range
Voltage at any pin
Operatingtemperature
Storagetemperature
Package dissipation

DCELECTRICAL CHARACTERISTICS

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

S S S

Enable high level

Enable low level

Output high level

Output lowlevel
Differentialinputlevel
Input hysteresis

Input current

Operating current

Three state output leakage
Inputresistance

20
38

-0.2

200

10

0.8

04
+0.2

1.0

v
Y
vV | I,=6mA
vV | I,=6mA
V | -TV<v,<+7v
mv
mA
pA
pA
Kohm | -7V<V,, <+7V

7 Volts £ 5%

GND-0.3V to VCC+0.3V
0°C to +70°C

-40°C to +150°C

500 mW

213
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ST26C32

DIFFERENTIAL LINE RECEIVER TIMING

ENABLE
ENABLE*

INPUT X+

INPUT X-

OUTPUT X

vy

T1 «——>




ST34C50
&2 STARTECH ST34C51

APR 1992
DUAL RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER AND DRIVER

SOIC Package
The ST34C50/51 is a CMOS dual differential line
receiveranddriver, designed to meet the standard RS- N
422, RS-423 requirements and digital data transmis- weuta- - [1] 6] vee
sionoverbalancedlines. The ST34C50/51 has aninput INPUT A+ |_7_ El INPUT D
sensitivity of 200mv over the common mode input ouruta [3] 1] ourpuTor
voltage range of +/- 7V. To improve noise margin and ©
output stability for slow changing input signal, special evslEas (4] ] ourputo:
hysteresis is built in the ST34C50/51 circuit. OUTPUT B E 1__2_] ENABLE CD
The ST34C50/51 is a high speed line receiver and neutes  [6] W] outeuc.
driver, designed to operate with MFM/RLL controllers
and hard disk drives as well as RS-422 and RS-423 weute- 7] o] outuTer
differential applications. ST34C50/51 provides TTL GND E E] INPUTC
compatible outputsto interface with standard 74LS and

CMOS design environments. ST34C50/51 is suitable

forlow power 5V operation with minimum board space ST34C50CF/ST34C50CP
requirements. ST34C50/51 provides dual differential

line receiver with three state control pin and dual line
driverwith three state control capability.

SOICPackage
* Pin -to-pin tible to Motorola MC34050 and
M133435p1| compatible to Motoro NPUTA E N E vee
* Low power CMOS design weuTA+  [2] 15] PUTD
* Three-state outputs with enable pin outrutA 3] 14] outPuTD:
* Meetsthe EIARS-422/423 requirements e
* Low propagation delays evaeo [4f & fis] oureuto:
* High speed outPuTe 5] E 2] EnvaEc
* Dualline receiverwith three state control neutes  [o] ] oututc:
* Dual line driver with three state control
wPuTB-  [7] 0] outPuTCH
oo [8] s] mweutc
ST34C51CF/ST34C51CP
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
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ST34C50
ST34C51

ST34C50 BLOCK DIAGRAM

INPUT A-
INPUT A+

OUTPUT A

ENABLE A*/B*

OUTPUTB
INPUT B+

INPUT B-

)
b

:

I

Xl

INPUT D

OUTPUT D+

OUTPUT D-

ENABLE C/D

OUTPUT C-

OUTPUT C+

INPUT C
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ST34C51

ST34C51 BLOCK DIAGRAM

INPUT A-
INPUT A+

OUTPUT A

ENABLE D —j—

OUTPUTB ——
INPUT B+
INPUT B-

INPUT D

OUTPUT D+

OUTPUT D-

ENABLE C

OUTPUT C-

OUTPUT C+

INPUT C

217
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ST34C50

ST34C51

SYMBOL DESCRIPTION

INPUT A-
INPUT A+
OUTPUTA
ENABLEA/B

ENABLED

OUTPUTB
INPUTB +
INPUT B -
GND
INPUTC
OUTPUT C+
OUTPUTC -

ENABLEC/D

ENABLEC

OUTPUTD -
OUTPUT D+
INPUTD

vCcC

4*

~ o

10

1

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/
disablesthe 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

5
2

Receiver Functional table (ST34C50 only)

X=Don'tcare

Z=Three state (highimpedance)

Receive sections of the ST34C51 are enabled all the
time.

Driver Functional table (ST34C50 only) *Driver Functional table (ST34C51only)

L X z Zz
H L L H
H H H L
X=Don'tcare X=Don'tcare
Z=Three state (highimpedance) Z=Three state (highimpedance)
*for each section of ST34C51.

ACELECTRICAL CHARACTERISTICS

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

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

2-19
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ST34C50
ST34C51

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

DCELECTRICAL CHARACTERISTICS

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

Vy Enable high level 20 v

V, Enable low level 0.8 \

Veon Receiver output high level 38 v

Veoo | Receiver outputlow level 0.4 Vv

Vo Receiver differentialinputlevel -0.2 +0.2 v R =1000hms

Veu Receiver input hysteresis 50 mV

len Receiverinput current 11.0 mA

Vir Receiverinputresistance 10 Kohm

lee Operating current 200 HA

lz Three state output leakage 2.0 HA

Vion Driverinput high level 25 \'

Voo | Driveroutputlowlevel 0.5 Vv

Voos | Driverdifferential outputlevel 20 Vv R =1000hms

Vooe | DriverCommonmode output voltage 3.0 \) R =1000hms

Voo | Driverdifference incommon mode 04 \ R =1000hms
output

Lo Driverinput current 11.0 HA
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DIFFERENTIAL LINE DRIVER TIMING
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=) STARTECH ST34C86

APR 1992

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

SOIC package
The ST34C86 isa CMOS quad differential line receiver
designed to meet the standard RS-422, RS-423 re- Y
quirements. The ST34C86 has an input sensitivity of INPUT A- E 18] vee
200mv overthe commonmode input voltage range of +/ INPUT A+ @ E] INPUT D-
-7V. Toimprove noise margin and output stability for OUTPUT A E ° E NPUT D+
slow changing input signal, special hysteresisisbuiltin b
the ST34C86 circuit. ENABLEAB  [4] 13] outpuTD
The ST34C86is a high speedline receiver designedto OUTPUT B E E ENABLE C/D
operate with MFM/RLL controllers and hard disk drives wPUTBe |6 0 EI OUTPUT &
aswellasRS-422 and RS-423 differential applications. % T
ST34C86 provides TTL compatible outputsto interface INPUTB- |7 10] weuT e
with standard 74LS and CMOS design environments. GND E EI INPUT C-
ST34C86 is suitable for low power 5V operation.

Plastic-DIP package

* Pin-to-pin compatible with National DS34C86 N

* Low power CMOS design INPUT A- vee

* Three-state outputs with enable pin INPUT A+ INPUT D-
* Meetsthe EIA RS-422 requirements OUTPUTA INPUT D+
* Low propagation delays

- ngh speed ENABLE AB OUTPUT D

S§T34C86CP16

INPUT B+

INPUT B- INPUT C+

ElEEEEEEE
CFREREEREE
8

GND INPUT C-

Part number Package Operating temperature
ST34C86CP16  Plastic-DIP 0°C to +70°C
ST34C86CF16 SOIC 0°C to +70°C
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BLOCKDIAGRAM
INPUT A- INPUT D-
INPUT A+ INPUT D+
OUTPUTA —— —— OUTPUTD
ENABLEA/B — - ® o { ENABLE C/D
OUTPUTB ——— ——————  OUTPUTC
INPUT B+ INPUT C+
INPUT B- INPUT C-
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SYMBOL DESCRIPTION

INPUT A-
INPUTA+
OUTPUTA

ENABLEA/B

INPUT B+
INPUT B-
OUTPUTB
GND
INPUTC
INPUT C-
OUTPUTC

ENABLEC/D

OUTPUTD
INPUT D+
INPUT D-
VvCC

10

1

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

@
5
2




ST34C86

ST34C86

Functional table

X=Don'tcare
Z=Three state (highimpedance)

ACELECTRICAL CHARACTERISTICS

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

T, Propagation delay, input to output
T, Outputenabletime
T, Output disable time
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ABSOLUTE MAXIMUM RATINGS

Operating supply range
Voltage at any pin
Operatingtemperature
Storagetemperature
Package dissipation

DCELECTRICAL CHARACTERISTICS

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

Enable high level

Enable low level

Output high level

Output lowlevel
Differentialinputlevel
Inputhysteresis

Input current

Operating current

Three state output leakage
Inputresistance

20

3.8

-0.2

0.8
04
+0.2

1.0

SEE33<<<<x<

X
3

7 Volts £ 5%

GND-0.3V to VCC+0.3V
0°C to +70°C

-40°C to+150°C

500 mW

I, =-6mA
I =6mA
“TV<V,, <+7V

TV <V, <47V

2-27
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DIFFERENTIAL LINE RECEIVER TIMING

ENABLE

INPUT X+ /
INPUT X- \

OUTPUT X /

T1 e——>

T3<—>‘

t
i
H
i

T1 +—
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&2 STARTECH ST34C87

APR 1992
QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER

SOIC package
The ST34C87 is a CMOS quad differential line driver
designed to meet the standard RS-422 requirements weora [ e veo
and digital data transmission over balanced lines. To
improve noise margin and output stability for slow outPuTA+ (2] 1s] weuto
changing input signals special hysteresis is built in the OUTPUT A- E © E OUTPUT D+
ST34C87 circuit. X
The ST34C87 is a high speed CMOS line driver de- eveess [4f 5[] oureuro
signed to operate with MFM/RLL controllers and hard outPUTE-  [5] § 12] EnasLECD
diskdrives aswell as RS-422 digital data transmission OUTPUT B+ E @ E] OUTPUT C-
applications. ST34C87 is suitable for low power 5V INPUT B E 1:01 OUTPUT G+
operation with high input voltage protection devices.
oND [ E] INPUT C
Plastic-DIP package
* Pin-to-pin compatible with National DS34C87
*Low power CMOS design e
* Three-state outputs with enable pin PUT
* Meetsthe EIA RS-422 requirements weura 1] g veo
* Low propagation delays ourputA  [2] 1s] weuro
*High speed outPUTA-  [3] 4] outPuTD:
ENABLEAB 4] g 3] outPuTD-
outPuTe-  [5] g 2] emaseco
outpuTes 6] 1] ourrutc
wpuTe  [7] 0] outPuTCe
oo [g] 5] meutc

Part number Package Operating temperature
ST34C87CP16 Plastic-DIP 0°C to +70°C
ST34C87CF16 SOIC 0°C to +70°C
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BLOCKDIAGRAM
INPUT A — INPUTD
—>

OUTPUT A+ OUTPUT D+
OUTPUT A- OUTPUT D-
ENABLE A/B ———D—o o——C—-— ENABLE C/D
OUTPUT B- OUTPUT C-
OUTPUT B+ % OUTPUT C+

INPUT B L INPUTC
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SYMBOL DESCRIPTION

INPUTA

OUTPUT A+
OUTPUT A-

ENABLEA/B

OUTPUT B-
OUTPUT B+
INPUTB
GND
INPUTC
OUTPUT C+
OUTPUT C-
ENABLEC/D
OUTPUT D*
OUTPUTD
INPUTD
vCC

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 two/four drivers.

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 high). See ENABLE A/B 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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ST34C87

Functionaltable

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

ACELECTRICAL CHARACTERISTICS

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

T, Propagation delay, input to output
T, Differential output rise and falltime
T, Outputenabletime

T, Output disable time

& o ®

8835
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ABSOLUTE MAXIMUM RATINGS

Operating supply range
Voltage at any pin
Operatingtemperature
Storagetemperature
Package dissipation

DCELECTRICAL CHARACTERISTICS

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

fg z_8<8<8<9<g<"<=<

Input high level

Input low level

Output highlevel

Output lowlevel

Differential outputlevel

Common mode output voltage
Difference incommon mode output
Input current

Operating current

Three state output leakage

7 Volts £ 5%

GND-0.3V to VCC+0.3V
0°C to +70°C

-40°C to+150°C

500 mW

20

25

20

200
2.0

0.8
05
3.0

1.0

o
E-N
EEE<<<<<<<

R =1000hms
R =1000hms
R =1000hms
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DIFFERENTIAL LINE DRIVER TIMING

ENABLE ——/[ \ /

INPUT X /

| —

T3

T4 T T
OUTPUT X+ / \
I —> T4 e T
OUTPUT X- 90%) /V§9°%
T2 —’; "1—0% 10—0/:; :*—TZ
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#2) STARTECH ST16C450

APR 1992
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

PLCCPackage

The ST16C450 is a universal asynchronous receiver
andtransmitter. Aprogrammable baud rate generator
is provided to select transmit and receive clock rates

sasssd8eb bl

from 50Hz to 448kHz. . %] reser
The ST16C450is animproved version ofthe NS16C450 on ] oer
UART with higher operating speed and lower access or ] omw
time. The ST16C450 on board status registers pro- e g -
videsthe error conditions, type and status ofthe transfer ne. B we
operation being performed. Included is complete MO- ™ =] e
DEM control capability, and a processor interrupt - =
system that may be software tailored to the user’s ooz % n
requirements. The ST16C450 provides internal loop- fpem e
back capability for on board diagnostic testing.
The ST16C450 is fabricated in an advanced 1.2 p
CMOS process to achieve low drain power and high
speed requirements.
Plastic-DIP Package
oo |1 ~ 0] vee
D1 5] R
X A X X D2 3 g cD*
*Pin to pin and functional compatible to 03 E a DSRe
NS16450,VL16C450,WD16C450
* Modem control signals (CTS* RTS*, DSR*, DTR*, o [s] o] crs:
RI*, CD*) D5 L—s: E] RESET
* Programmable character lengths (5, 6, 7, 8) D6 E _E;] oP1*
* Even, odd, or no parity bit generation and detection o7 E @ DTR®
* Status report register
* Independent transmit and receive control rek o] e 2] wr
* TTL compatible inputs, outputs R fro] g 1] oe
* 448 kHz transmit/receive operation with 7.372 ™[] 3 o] T
MHz crystal or external clock source cso [ & %] ne
Ccst E @ A0
cs2* E zl Al
BAUDOUT* E EI A2
XTAL1 E gl AS*
XTAL2 E E csout
i ow  [i8] 23] ooIs*
Partnumber Package Operating temperature
ST16C450CP40 Plastic-DIP 0°C to+70°C ow e} ] or
ST16C450CJ44  PLCC 0°C to+70°C oD o 1] 1R

* Industrial operating range are available.
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SYMBOL DESCRIPTION

DO0-D7 1-8 110 Bidirectional 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) islogic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

X 1 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.

CS0 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.

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.
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SYMBOL DESCRIPTION

XTAL2

IOW*

Iow

GND

IOR*

IOR

DDIS*

CSouT

AS*

A2

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.

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

Signal and power ground.

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

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

Drivedisable (active low). This pin goes low when the CPU
is reading data from the ST16C450 to disable the external
transceiver or logics.

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.

opP2* 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
ST16C450 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a “1” at the 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.

OoP1* 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.

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-
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SYMBOL DESCRIPTION

tion.

CD* 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 onthis pinindicates
the modem has received a ringing signal from telephone
line.

VCC 40 | 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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ST16C450 ACCESSIBLE REGISTERS

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 ISR 0 0 0 0 0 int int int
priority | priority | status
bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break | parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop OP2* | 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 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
00O 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
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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
thisregister (THR) willtransferthe contents of data bus
(D7-D0) tothe Transmit holding register wheneverthe
transmitter holding registerortransmitter shift register
is empty. The transmit holding register empty flag will
be set to “1” when the transmitter is empty or data is
transfered tothe transmit shift register. Note that awrite
operation should be performed when the transmit
holding register empty flag is set.

On the falling edge of the start bit, the receiverinternal
counterwill startto count 7 1/2 clocks (16x clock) which
isthe centerofthe start bit. The start bitis valid ifthe RX
is still low at the mid-bit sample of the start bit. Verifying
the start bit prevents the receiver from assembling a
false data character due to a low going noise spike on
the RXinput. Receiver status codeswill be posted inthe
Line Status Register.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C450 contains a programmable Baud Rate
Generatorthatis capable of taking any clockinput from
DC-8 MHz and dividing it by any divisor from 2 to 21°-
1. The output frequency of the Baudout* is equalto 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 registerstothe INT output

pin.

IER BIT-0:
O=disable the receiver ready interrupt.
1=enablethe receiverready 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 ST16C450 provides four level prioritized interrupt
conditions to minimize software overhead during data
charactertransfers. The Interrupt Status Register (ISR)
providesthe source of the interruptin prioritized matter.
During the read cycle the ST16C450 provides the
highest interruptlevelto be serviced by CPU. No other
interrupts are acknowledged until the particular inter-
ruptis serviced. The following are the prioritized inter-
ruptlevels:

Priority level

P [D2|D1[D0| Sourceofthe interrupt

1111110 LSR (Receiver Line Status
Register)

2111010 | RXRDY (Received Data
Ready)

3]1]0]11}0 TXRDY( Transmitter Holding
Register Empty)

4100140 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=nointerrupt 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”.
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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:
Thesetwo bits specify the word length to be transmitted

orreceived.

aa00
- O =0
0o~NO O,

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

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 forsame 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) togo lowto alertthe
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)

Thisregister controlstheinterface withthe 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 BIT4:
0=normal operatingmode.
1=enable local loop-back mode (diagnostics). The

transmitteroutput (TX) is set high (Mark condition), the
receiver input (RX) , CTS*, DSR*, CD*, and RI* are
disabled. Internally the transmitter output is connected
tothereceiverinputand DTR* RTS*, OP1*and OP2*
are connected to modem control inputs.

Inthis mode, the receiver and transmitter interrupts are
fully operational. The Modem Control Interrupts are
also operational, but the interrupts sources are now

0SYO9L1S
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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 setto zero permanently.

LINE STATUS REGISTER (LSR)
Thisregister providesthe status of datatransferto 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
avalid stop bit. In

LSR BIT4:

0=no break condition (normal).

1=receiverreceived a break signal (RXwas low forone
charactertime frame).

LSR BIT-5:

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

1=transmit holding registeris empty. CPU canload the
nextcharacter. .

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

LSR BIT-7:
Not used. Setto “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 fromthe MODEM changes state. Theyare
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. Itis the compliment of the CTS* input.

MSR BIT-5:
This bit is equivalent to DTR in the MCR during local
loop-back mode. Itisthe compliment ofthe 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 Interruptis generated.

SCRATCHPAD REGISTER (SR)

ST16C450 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
112K

0.026
0.058

2.86

ST16C450 EXTERNAL RESET CONDITION

IER
ISR
LCR
MCR
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

TX

OoP1*
oP2*
RTS*

DTR*
INT

High
High
High
High
High
Low
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ACELECTRICAL CHARACTERISTICS

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

T, Clock high pulse duration 60 ns
T, Clock low pulse duration 60 ns External clock
T, Clock rise/fall time 100 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 25 ns
T, Chip select hold time 0 ns
T, CSOUT delay from chip select 10 ns
T, IOR* to drive disable delay 35 ns 100 pF load
T, Address hold time from IOW* 5 ns Note: 1
T, IOW* delay from address 25 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* 5 ns Note: 1
T, Wirite cycle delay 55 ns
Tw Write cycle=T +T,, 135 ns
T Datahold time 25 ns
T, IOR* delay from chip select 10 ns Note: 1
T, IOR* strobe width 75 ns
T, Chip select hold time from IOR* 0 ns Note: 1
T, Read cycle delay 50 ns
Tr Read cycle=T,,+T,, 135 ns
Ty Delay from IOR* to data 75 ns 100 pF load
T, 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 LI 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
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ACELECTRICAL CHARACTERISTICS

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

T Delay from stop to interrupt 100 ns
Ty Delay from |IOW* to reset interrupt 175 ns
N Baud rate devisor 1 2151

Note 1: Applicable only when AS* is tied low

*Baudout* cycle
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ST16C450 .

ABSOLUTE MAXIMUM RATINGS

Operating supply range 7 Volts £ 5%
Voltage at any pin GND-0.3V to VCC+0.3V
Operatingtemperature 0°C to +70°C
Storagetemperature -40°C to+150°C
Package dissipation 500 mW

DCELECTRICAL CHARACTERISTICS

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

Ve Clock input low level -0.5 0.6 \'

Viex Clock input high level 3.0 VvCC \'

V, Inputlow level -0.5 0.8 v

vV, Input high level 22 VvCC \'

Vo Output low level on all outputs 04 v I, =6 mA
Vou Output high level 24 \' lo= -6 MA
loe Avg power supply current 6 mA

I Input leakage 110 MA

lo Clock leakage | +10 LA
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MODEM TIMING

low*
Iow

e T28

RTS*
DTR*

CcD
CTS
DSR

INTx

—>{ 29

IOR*
IOR

RI
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0S¥O9L1S

RECEIVE TIMING
START BIT
— DATA BITS (5-8) STOP BIT
RX INPUT \ /.‘_ DO | D1 | D2 | D3 | D4 | D5 | D6
— > | 1 - -
SDATABITS | PARITYBIT  NEXT
€ » Lo DATA
6 DATA BITS Lo START BIT
— » 1
L k] | H
7 DATA BITS Lo —»l e T3
P
] 1}
INTX ; E
T
I I
| |
| ]
IOR* P
IOR b

16 BAUD RATE CLOCK
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TRANSMIT TIMING
START BIT
i DATA BITS (5:8) STOP BIT
X OUT \_/7 D0 | D1 | D2 | D3 | D4 | D5 | D6
- N |
5DATABITS PARITYBIT |  NEXT
« . | DATA
6 DATA BITS START BIT
7 DATABITS e T34
INTx e s /

IowW*
IoW

[P S

16 BAUD RATE CLOCK
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UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

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 1.2u
CMOS process to achieve low drain power and high
speed requirements.

FEATURES

* Pinto 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

_ORDERING INFORMATION

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

ST16C1450CU28

ST16C1450

BIEIB[EIRI3Ia

zz:g%%g

PLCC Package

ST16C1451CJ28

ST16C1451

IR R
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ST16C1450 BLOCK DIAGRAM
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ST16C1450 SYMBOL DESCRIPTION

Taibol ] vin I Senivwell . Fmoeemien

D0-D7 1-8 lle} Bidirectional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit ofthe data bus and the first serial data bit to be
received ortransmitted.

RX 9 I Serial datainput. The serialinformation (data) received from
serial portto ST16C1450 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.

TX 10 (o) Serial dataoutput. 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
ST16C1450/CPUdatatransfer operation.

XTAL1 12 | 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-

sionrates.
XTAL2 13 | Crystal input 2 or buffered clock output. See XTAL1.
Iow* 14 | Write strobe (active low). A low on this pin will transfer the

contents of the CPU data bus to the addressed register.
GND 15 (o] Signal and power ground.

IOR* 16 | Read strobe (active low). Alowlevelonthis pin transfers the
contents of the ST16C1450 data bus to the CPU..

RI* 17 | Ring detect indicator (active low). A lowonthis pinindicates
the modem hasreceived a ringing signal fromtelephone line.

INT 18 (@] Interrupt output. (three state/ active high) This pin goes high
(when enabled by the interrupt enable register) whenever a
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ST16C1450 SYMBOL DESCRIPTION

Signal Type

A0-A2

RTS*

DTR*

RESET

CcTS*

DSR*

CD*

VCC

21-19

24

25

27

28

receivererror, receiverdata available, transmitterempty, or
modem status condition flag is detected.

Address select line. To select internal registers.

Requestto send (active low). To indicate that the transmitter
has dataready 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 onthe transmit or receive operation.

Data terminalread (active low). Toindicate that ST16C1450
is ready to receive data. This pin can be controlled via the
modem control register (MCR bit-0). Writing a “1” at the
MCR bit-Owill set the DTR* output to low. This pin will be set
tohigh state afterwriting a“0”tothat register or afterthe reset
.Notethatthis pindoes not have any effect onthe transmit or
receive operation.

Masterreset (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 isreadyto exchange datawith UART. This pindoes
not have any effect on the transmit orreceive operation.

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

Power supply input.

3-27
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ST16C1451 SYMBOL DESCRIPTION

D0-D7 1-8 /O Bidirectional 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 ortransmitted.

RX 9 1 Serial data input. The serialinformation (data) received from
serial portto ST16C1451 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.

™> 10 () 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* 1 I Chip select (active low). A low at this pin enables the
ST16C1451/CPU datatransfer operation.

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

IoOW* 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 (0] Signal and power ground.

IOR* 15 | Read strobe (active low). Alowlevelonthis pin transfers the

contents of the ST16C1451 data bus tothe CPU..

RI* 16 l Ringdetect indicator (active low). A low onthis pinindicates
the modem hasreceived a ringing signal fromtelephone line.

RST 17 (0] Reaset output (active high). The ST16C1451 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

(when enabled by the interrupt enable register) whenever a
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ST16C1451 SYMBOL DESCRIPTION

receiver error, receiverdata available, transmitterempty, or
modem status condition flag is detected.

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

RTS* 22 (o] Requestto send (active low). To indicate thatthe 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 onthe transmit or receive operation.

DTR* 23 (o] Dataterminalread (active low). Toindicate that ST16C1451
is ready to receive data. This pin can be controlled via the
modem control register (MCR bit-0). Writing a “1” at the
MCR bit-Owill setthe DTR* output to low. This pin will be set
to high state afterwriting a“0” to that register or afterthe reset

. Note that this pin does not have any effect onthe transmit or
réceive operation.

RESET 24 I Masterreset (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
readingthe 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 isreadyto exchange datawith UART. This pindoes
) not have any effect on the transmit or receive operation.
CcD* 27 | Carrier detect (active low). A low on this pin indicates the

carrier has been detected by the modem.

VCC 28 | Power supply input.
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PROGRAMMING TABLE

OO0 aaa000O0
002 00=-2=00
O = R o RO o G ., R .Y

Receive Holding Register
Interrupt Status Register
Line Status Register

Modem Status Register
Scratchpad Register

Transmit Holding Register
Interrupt Enable Register

Line Control Register
Modem Control Register

Scratchpad Register
LSB of Divisor Latch
MSB of Divisor Latch
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ST16C1450 ACCESSIBLE REGISTERS

00O 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 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 CcD RI DSR CTsS 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
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ST16C1451 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 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
01 1 LCR divisor set set even parity stop word word
latch break | parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0/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
00O 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
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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 ordataistransferred tothe transmit shift register.
Note that 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 is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RXinput. Receiver status codes will
be posted in the Line Status Register.

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
2t02%%-1. The output frequency ofthe 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:
0O=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.

o1

111]11]0 LSR (Receiver Line Status
Register)

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

3|1 0| 1| 0| TXRDY(Transmitter Holding
Register Empty)

410|10]0 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 3-7:
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.

-0
o ~NO O,

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’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 (DLEN).
0=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:
O0=normal operation.
1=software reset, set RST output to high.

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

MCR BIT4:

0=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
thereceiverinput (RX),CTS*, DSR* CD* 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=normalmode.

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 BIT4:

0=no break condition (normal).

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

LSR BIT-5:

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

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

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

LSR BIT-7:
Not used.
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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* inputtothe 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):

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
112K 1

ST16C1450/51 EXTERNAL RESET CONDITION

IER IERBITS0-7=0
ISR ISRBIT-0=1,ISRBITS 1-7=0
LCR LCRBITS0-7=0
MCR MCRBITS0-7=0
LSR LSRBITS0-4=0,

LSRBITS 5-6=1LSR,BIT 7=0
MSR MSRBITS0-3=0,

MSR BITS 4-7=input signals
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X
SOFT reset
RTS*
DTR*

INT

High
High
High
High
Three state mode

ST16C1450 Plastic-DIP Package

ST16C1451 Plastic-DIP Package

FEEIEEFFFE EEEEE
ST16C1450CP28
EIEEGE R EEEEIEEEEE

GND

D1
D2

D3

CLK

GND

FEEIEEEFEFEFEEEE

ST16C1451CP28

EIGEIEIEEBIR]RIB]RIBB]R]E]

RST

RI*

IOR*
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AC ELECTRICAL CHARACTERISTICS

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

T, Clock high pulse duration 60 ns

T, Clock low pulse duration 60 ns External clock

T, Clockrise/falltime 100 ns

T, Chip select setup time 25 ns

T, Chip select hold time 0 ns

T, Address hold time from IOW* 5 ns

T, IOW* delay from address 25 ns

T, IOW* delay from chip select 10 ns

T |IOW* strobe width 50 ns

T Chip select hold time from IOW* 5 ns

T, Write cycle delay 55 ns

Tw Write cycle=T +T,, 135 ns

T, Datahold time 25 ns

T, IOR*delay from chip select 10 ns

T, IOR* strobe width 75 ns

T, Chip select hold time from IOR* 0 ns

T, Read cycle delay 50 ns

Tr Readcycle=T,+T 135 ns

T, Delay from IOR* to data 75 ns 100 pF load

T, Delay from IOW*to output 50 ns 100 pF load

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

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

T, Delay from stop to set interrupt Relk ns 100 pF load

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

T, 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 1 261

Note 1: *Baudout*cycle
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ABSOLUTE MAXIMUM RATINGS 2
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.

Viek Clock input low level -0.5 0.6 \'%

Viex Clock input high level 3.0 VCC \%

vV, Input low level -0.5 0.8 \'

' Input high level 22 VCC \'

Vo Output low level on all outputs 0.4 \ I, =6 mA
Vo Output high level 24 \' lo=-6 MA
lee Avg power supply current 6 mA

I Input leakage . 10 A

Iy Clock leakage +10 HA
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GENERAL WRITE TIMING
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MODEM TIMING
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> T28
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CTs
DSR

INTX

IOR*
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RECEIVE TIMING

START BIT
— DATA BITS (5-8) STOP BIT
RX INPUT \ /__= DO | D1 | D2 | D3 | D4 | D5 | D6
> > [ [P E—
5DATABITS | PARITYBIT | NEXT
¢ > { E DATA
6 DATA BITS b START BIT
< » 1
< | H
7 DATABITS ! > T31
!
] ]
INTX Lo
|
IOR* i '
1

16 BAUD RATE CLOCK
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TRANSMIT TIMING

START BIT
— DATA BITS (5-8) STOP BIT

TX OUT | o | Dbt |D2|D3|D4 | D5 | D6

14 > }

SDATABITS | PARITYBIT | NEXT
< > I DATA
6 DATA BITS START BIT

b 7 DATABITS o ol e T34

INTX —» ¢ T33

S U SO

low* —\—/ !
1

16 BAUD RATE CLOCK
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ST16C2450

APR 1992

DUAL UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

The ST16C2450 is a dual universal asynchronous
receiverand transmitter. Independent programmable
baud rate generators are provided to select transmit
and receive clock rates from 50Hz to 448kHz for each
uart section.

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

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

_FEATURES

* Functional compatible to NS16450, VL16C450,
WD16C450

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

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

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

* Status report register

* Independent transmit and receive control

* TTL compatible inputs, outputs

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

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

*Industrial operating range are available
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SYMBOL DESCRIPTION

DO0-D7

RXA/B

TXA/B

CSA/B*

XTALA1

XTAL2

IowW*

IOR*

AO0-A2

INTA/B

10,9

11,12

14,15

16

17

18

21

28-26

30,29

e}

Bidirectional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit ofthe data bus and the first serial data bit to be
received ortransmitted.

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) 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 A/B. The serial dataistransmitted via this
pin with additional start , stop and parity bits. The TX will be
heldin mark (high) state during reset, local loopback mode or
when the transmitter is disabled.

Chip select A/B. (active low) A low at this pin enables the
ST16C2450/CPU datatransfer 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-
sionrates.

Crystal input 2 or buffered clock output. See XTALA1.

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) Alow level onthis pin transfers the
contents of the ST16C2450 data busto the CPU.

Address select lines. To select internal registers.

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

OP2A/B* 31 o Interrupt enable output (active low). This pinstays highwhen
INT out pin is setto three state mode and goes lowwhen INT
pin is enabled via OP2*. See bit-3 modem control register
(MCR bit-3).

RTSA/B* 32,24 (@) Request to send A/B (active low). To indicate that the trans-
mitter 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 orreceive operation.

DTRA/B* 33,34 (o] Data terminal ready A/B (active low). To indicate that
ST16C2450 is ready to receive data. This pin can be
controlled viathe modem control register (MCR bit-0). Writ-
inga*“1” atthe MCR bit-0 will setthe DTR* outputto low. This
pin will be set to high state after writing a “0” to that register
or afterthe reset . Note that this pin does not have any effect
onthe 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.

CTSA/B* 36,25 | Clearto send A/B (active low). The CTS*signalisa MODEM
control function input whose conditions can be tested by
readingthe MSR BIT-4. CTS* has no effecton the transmit or
receive operation.

DSRA/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 orreceive operation.

CDA/B* 38,19 | Carrierdetect A/B (activelow). Alowonthis pinindicatesthe
carrier has been detected by the modem.

RIA/B* 39,23 | Ring detect indicator A/B (active low). A low on this pin
indicates the modem has received a ringing signal from
telephoneline.

vCcC 40 | Power supply input.
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SYMBOL DESCRIPTION

GND 20 (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

0 1 1 Line Control Register

1 0 0 Modem Control Register

1 0 1 Line Status Register

1 1 0 Modem Status Register

1 1 1 Scratchpad Register Scratchpad Register

0 0 0 LSB of Divisor Latch

0 0 1 MSB of Divisor Latch
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ST16C2450 ACCESSIBLE REGISTERS A/B

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 ISR 0 0 0 0 0 int int int
priority | priority | status
bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break | parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop INT Not RTS* | DTR*
back | enable | used
101 LSR 0 trans. trans. break | framing | parity | overrun | receive
empty | holding | interrupt| error error error data
empty ready
110 MSR CD RI DSR CTs delta delta delta delta
cD* RI* DSR* | CTS*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
00O 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
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REGISTER FUNCTIONAL DESCRIPTIONS A/B

TRANSMIT AND RECEIVE HOLDING REGISTER

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

empty or data is transfered to the transmit shift regis-
ter. 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 onthe 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 2to
2'®-1. The output frequency of the Baudout*is equalto
16X of transmission baud rate (Baudout*=16 x Baud
Rate). Customize Baud Rates can be achieved by
selecting proper divisor values for MSB and LSB of
baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

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

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

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

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

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

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

INTERRUPT STATUS REGISTER (ISR)

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

Priority level

11111]0 LSR (Receiver Line Status
Register)

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

3|01 1| 0] TXRDY(Transmitter Holding
Register Empty)

4101010 MSR (Modem Status Regis-
ter)
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ISR BIT-0:

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

1=no interrupt pending.

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

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

LINE CONTROL REGISTER (LCR)

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

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

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 the
number of 1’s in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

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

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

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

LCR BIT-6:

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

O=normal operating condition.

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

LCR BIT-7:

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

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

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

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

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

MCR BIT-3:

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

1=set INT outout 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 Control inputs. The inter-
rupts are still controlled by the IER.

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

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.

LSR BIT-0:

0=no data in receive holding register

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

LSR BIT-1:
0=no overrun error (normal).

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

LSR BIT-2:

0=no parity error (normal).

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

LSR BIT-3:

0=no framing error (normal).

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

LSR BIT-4:

0=no break condition (normal).

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

LSR BIT-5:

O=transmit holding register is full. 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. Itisthe compliment of the CTS*input.

MSR BIT-5:
This bit is equivalent to DTR in the MCR during local
loop-back mode. ltisthe compliment ofthe 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. ltis 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)

TX High
opP2* High
RTS* High
DTR* High
INT Three state mode

ST16C2450 provides atemporary dataregisterto store
8 bits of information for variable use.

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
112K 1

ST16C2450 EXTERNAL RESET CONDITION

IER IERBITS0-7=0
ISR ISRBIT-0=1,ISRBITS 1-7=0
LCR LCRBITS 0-7=0
MCR MCRBITS 0-7=0
LSR LSRBITS0-4=0,

LSRBITS 5-6=1LSR, BIT7=0
MSR MSRBITS 0-3=0,

MSR BITS 4-7=input signal
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AC ELECTRICAL CHARACTERISTICS

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

. Parameter
T, Clock high pulse duration 60 ns
T, Clock low pulse duration 60 ns Extemal clock
T, Clock rise/falltime 100 ns
T, Chip select setup time 25 ns
T, Chip select hold time 0 ns
T, Address hold time from IOW* 5 ns
T, IOW* delay from address 25 ns
T, IOW* delay from chip select 10 ns
T IOW* strobe width 50 ns
Te Chip select hold time from |OW* 5 ns
T, Write cycle delay 55 ns
Tw Write cycle=T, +T, 135 ns
T, Datahold time 25 ns
T,, IOR* delay from chip select 10 ns
Ty IOR* strobe width 75 ns
T, Chip select hold time from IOR* 0 ns
T, Read cycle delay 50 ns
Tr Readcycle=T, +T, 135 ns
T, Delay from IOR*to data 75 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 LI 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 stopto interrupt 100 ns
T Delay from IOW* to reset interrupt 175 ns
N Baud rate devisor 1 211
Note 1: *Baudout*cycle
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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 x 5% unless otherwise specified.

\" - Clock input low level -0.5 0.6 \)

Vi | Clockinput high level 3.0 vccC \

\'A Inputlowlevel -0.5 0.8 \

Vi Inputhigh level 22 vcc \

Vo Output low level on all outputs 04 \" l,=6mA
Veu Output high level 24 \" I, =-6 mA
lec Avg power supply current 6 mA

I Input leakage +10 HA

lo Clock leakage +10 LA
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MODEM TIMING

Iow*

RTS*
DTR*

CcD
CTS
DSR

INTx

IOR*

R

CLOCK TIMING

EXTERNAL
CLOCK

T
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TRANSMIT TIMING

START BIT
- DATA BITS (5-8) STOP BIT
TX OUT ) [ bo| Dot |D2| D3| D4 | D5 | D6
2 DATABITS | PARITYBIT | NEXT
p oo DATA
6 DATA BITS i START BIT
@ »
7 DATA BITS i »i e T34
INTX > e T8

Iow* j_/

16 BAUD RATE CLOCK

3-59



ST16C2450

ST16C2450

RECEIVE TIMING

INTx

START BIT
— DATA BITS (5-8) STOP BIT
¢ > —>
RX INPUT \ [ po|Dbt|D2| D3| D4| D5 | D6 \f
< > | e— —>
5DATABITS | PARITYBIT | NEXT
« .o DATA
6 DATA BITS : START BIT
I »
o g ;
7 DATA BITS : | - 31
|
]
]

I

I

5
IOR* | \f

I

16 BAUD RATE CLOCK
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= STARTECH ST16C454

APR 1992

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER

PLCC Package
The ST16C454 is a quad universal asynchronous
receiver and transmitter. A programmable baud rate
generator is provided to select transmit and receive §488smszanany § E é ¢
clock rates from 50Hz to 448kHz.
The ST16C454 is an improved version of the osa~ [0 O
NS16C450 UART with higher operating speed and by
lower access time. The ST16C454 on board status vee
registers provides the error conditions, type and i
status of the transfer operation being performed. can~
Included is complete MODEM control capability, and ST16C454CI68

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 1.2 p
CMOS process to achieve low drain power and high
speed requirements. NEREEEEHEEEEE R
dgBE ﬂ<3ﬂ¥§°°8%$

Iﬁllﬁlﬁliﬁlfﬂfﬂlﬂﬁlﬁlﬁﬁﬁlﬁlﬁ!ﬁﬁﬁl
BIEEISIEEIEEERBBEEERIEEE
§17501877983877)

LEEFYER PR P
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DC~

FEATURES

* Quad ST16C450

* Pin-to-pin compatibleto ST16C554

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

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

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

* Status report register

* Independent transmit and receive control

* TTL compatible inputs, outputs

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

Part number Package Operating temperature
ST16C454CJ68 PLCC 0°C to+70°C
*Industrial operating range available
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SYMBOL DESCRIPTION

| signalType |  Pin Description

DO0-D7 5-66 /O Bidirectional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit ofthe data bus andthe first serial databitto be
received ortransmitted.

RXA-B 729

RXC-D 41,63 I Serialdatainput. The serialinformation (data) received from
serial portto 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 (e} 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.

CSA-B* 16,20

CsC-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 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-
sionrates.

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 40,61 O Signal and power ground.

IOR* 52 I Read strobe. (active low) A low level onthis pin transfers the
contents of the ST16C454 data bus to the CPU.
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SYMBOL DESCRIPTION

Al
AO

INTA-B
INTC-D

RTS A-B*
RTS C-D*

DTRA-B*
DTR C-D*

RESET

CTSA-B*
CTsC-D*

DSRA-B*
DSR C-D*

32

33

15,21
49,55

14,22
48,56

12,24
46,58

37

11,25
45,59

10,26
44,60

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 areceiver
error, receiverdata available, transmitter empty, ormodem
status condition flag is detected.

Requestto send. (active low) Toindicate 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 onthe transmit or receive operation.

Dataterminal ready. (active low) Toindicatethat ST16C454
is ready to receive data. This pin can be controlled via the
modem control register (MCR bit-0). Writing a “1” at the
MCR bit-Owill setthe DTR* output to low. This pin will be set
to high state afterwriting a “0” to that register or afterthe reset

. Notethat this pin does not have any effect onthe 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
readingthe MSR BIT-4. CTS*has no effect onthe transmit or
receive operation.

Data set ready. (active low) A low on this pin indicates the
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SYMBOL DESCRIPTION

MODEM isreadyto exchange datawith UART. This pindoes
not have any effect on the transmit or receive operation.

CDA-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.

RIA-B* 8,28

RI C-D* 4262 | 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

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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ST16C454 ACCESSIBLE REGISTERS

| Register | BIT7 | BIT6 | BITS | BIT4 | BIT3 | BIT2 |
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 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
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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 transfered to the transmit shift regis-
ter. 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 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.

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 2to
2'-1. The output frequency of the Baudout*isequalto
16X of transmission baud rate (Baudout*=16 x Baud
Rate). Customize Baud Rates can be achieved by
selecting proper divisor values for MSB and LSB of
baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

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

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

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

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

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

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

INTERRUPT STATUS REGISTER (ISR)

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

Priority level

111 1]11] 0] LSR (Receiver Line Status
Register)

21110} 0! RXRDY (Received Data
Ready)

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

410]01}|O0 MSR (Modem Status Register)
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ISR BIT-0:

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

1=no interrupt pending.

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

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

LINE CONTROL REGISTER (LCR)

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

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

-_--_-00
-0 -0
0 ~NO O,

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

0 5678 1
1 5 1172
1 6,78 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).

0O=normal operating condition.

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

LCR BIT-7:

The internal baud rate counter latch enable (DLEN).
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:
Not used except, in internal loop-back mode.

MCR BIT-3:
0=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 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. 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.
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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.

MSR BIT-4:

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

MSR BIT-5:

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

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

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

Note: Whenever MSR BIT3-0: is set to logic “17, a
MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR)

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

TX High
OoP1* High
opP2* High
RTS* High
DTR* High
INT Three state

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 9%
2400 48
3600 32
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 2.86
112K 1

ST16C454 EXTERNAL RESET CONDITION

RESETSTAT
IER |IERBITS0-7=0
ISR ISRBIT-0=1,ISRBITS 1-7=0
LCR LCRBITS0-7=0
MCR MCRBITS 0-7=0
LSR LSRBITS0-4=0,

LSRBITS 5-6=1LSR, BIT7=0

MSR MSRBITS0-3=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.

T, Clock high pulse duration 60 ns
T, Clock low pulse duration 60 ns Extemal clock
T, Clock rise/fall time 100 ns
T, Chip select setup time 25 ns
T, Chip select hold time 0 ns
T, Address hold time from IOW* 5 ns
T, IOW* delay from address 25 ns
T, |IOW* delay from chip select 10 ns
T IOW?* strobe width 50 ns
T Chip select hold time from |IOW* 5 ns
T, Write cycle delay 55 ns
Tw Write cycle=T +T,, 135 ns
T Data setup time 10 ns
T, Data hold time 25 ns
T, IOR* delay from chip select 10 ns
T, IOR* strobe width 75 ns
T, Chip select hold time from IOR* 0 ns
T, Read cycle delay 50 ns
Tr Readcycle=T,+T, 135 ns
Ty Delay from IOR* to data 75 ns 100 pF load
T, |IOR*to floating data delay 0 50 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 1 rek ns 100 pF load
T, Delay from IOR* to reset interrupt 200 ns 100 pF load
T, Delay from initial INT reset to transmit 8 24 *
start
T, Delay from stopto interrupt 100 ns
Ty Delay from IOW* to reset interrupt 175 ns
N Baud rate devisor 1 2%
Note 1: *Baudout* cycle
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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.

Ve« | Clockinputlow level -0.5 0.6 \Y

Vi | Clockinput high level 3.0 vcc \

\'A Inputlowlevel -0.5 0.8 \

Va Input high level 22 vCcC \

Vo Output low level on all outputs 04 \ 1,,=6mA
Vo Outputhighlevel 24 \Y I, =-6 MA
lec Avg power supply current 6 mA

I Input leakage +10 HA

I Clock leakage 110 HA
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MODEM TIMING

IoOW*

RTS*
DTR*

CcD
CTS
DSR

INTx

IOR*

R

T8 [ s 20

CLOCK TIMING

EXTERNAL
CLOCK

T
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RECEIVE TIMING

START BIT
— DATA BITS (5-8) STOP BIT
RX INPUT \ [/ po| Dt |p2|Ds|D4| D5 | D6
SDATABITS PARITY BIT | NEXT
. . | DATA
6 DATA BITS o START BIT
[y »l ]
b > | :
7 DATABITS o > e T3
o
o
INTx i :
i i
| ]
] ]
1 I
| i
IOR* Lo
| |
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TRANSMIT TIMING

START BIT
> DATA BITS (5-8) STOP BIT
TX OUT | bo | bt |D2| D3| D4| D5 | D6 |D7 X \f
* » | -
SDATABITS PARITYBIT |  NEXT
« . ] DATA
6 DATA BITS I START BIT
7 DATABITS | > T4
f 1 :
NTx - - T
IoW* j

16 BAUD RATE CLOCK
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#2 STARTECH ST16C550

APR1992
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

PLCCPackage

The ST16C550 is a universal asynchronous receiver
and transmitterwith 16 byte transmit and receive FIFO. szazsdBidbp
A programmable baud rate generator is provided to T,
select transmit and receive clock rates from 50Hz to e FFFEEEREE

448KH . e © il
Z. v [8] (58] opi~
The ST16C550isanimproved version ofthe NS16C550 v (9] [ o~
UART with higher operating speed and lower access o % % —
time. The ST16C550 on board status registers pro- xe [ ST16C550CI44 ] Ne
videsthe error conditions, type and status ofthe transfer c; % %’ "':mw
operation being performed. Included is complete MO- st ] (51 Ao
DEM control capability, and a processor interrupt m.xﬁ: % % :;
system that may be software tailored to the user’s EEEEEEEREEE

requirements. The ST16C550 provides internal loop-
back capability for on board diagnostic testing. FEREI4E S
The ST16C550 is fabricated in an advanced 1.2 p E
CMOS process to achieve low drain power and high

speed requirements.

Plastic-DIP Package

Do E ~ [a0] vee
o [z so] Rr
*Pin to pin and functional compatible to o2 [s] §| co*
NS16550,VL16C550,WD16C550 o3 [4] 7] Dsre
* 16 byte transmit FIFO ot [s] ] crs
* 16 byte receive FIFO with error flags [ qEser
* Modem control signals (CTS*, RTS*, DSR*, DTR*, oL | res
RI*, CD*) os [7] [sa] oP1e
* Programmable character lengths (5, 6, 7, 8) o7 E 3] oTR*
* Even, odd, or no parity bit generation and detection rok [0 2] st
* Status report register [ b 5] oez
* Independent transmit and receive control 8
* TTL compatible inputs, outputs ™ [u] 3 o]
* Software compatible with INS8250, NS16C450 cso [E % E N.C.
* 448 kHz transmit/receive operation with 7.372 MHz cst E §| 20
crystal or external clock source sz [a] 7] w
BAUDOUT* E é:l A2
XTAL1 [E E As*
XTAL2 E E] CcsouT
ow* |l_8_ E DDis*
Part number Package Operating temperature ow I’,E E I0R
ST16C550CP40 Plastic-DIP 0°C to+70°C ) B e
ST16C550CJ44  PLCC 0°C to+70°C ene

*Industrial operating range are available
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SYMBOL DESCRIPTION

DO0-D7

RCLK

RX

X

CSso

Cst

cs2*

BAUDOUT*

XTAL1

1-8

10

11

12

13

14

15

16

Bidirectional 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 ortransmitted.

Receive clockinput. The extemal clockinputtothe ST16C550
receiversection if receiverdatarate is different from transmit-
terdatarate.

Serialdatainput. The serialinformation (data) received from
serial portto 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 dataistransmitted 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.

Chipselect 3. (active low) Alowatthis pin (while CS0=1 and
CS1=1)willenablethe ST16C550/CPUdata transferopera-
tion.

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-
sionrates.

05S09L1S
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SYMBOL DESCRIPTION

XTAL2

Iow*

IowW

GND

IOR*

IOR

DDIS*

TXRDY*

AS*

Al

A0

17

18

19

20

21

24

25

27

28

Crystal input 2 or buffered clock output. See XTAL1.

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

Write strobe. (active high) Same as IOW*, but uses active
high input. Note that only an active IOW* or IOW input is
required to transferdata from CPUto ST16C550 during write
operation. All the unused pin should be tied to VCC or GND.

Signal and power ground.

Read strobe. (active low) Alowlevel on this pin transfers the
contents of the ST16C550 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
requiredtotransferdata from ST16C550to CPUduring read
operation. All the unused pin should be tiedto VCC orGND.

Drive disable. (active low) This pin goes low when the CPU
is reading data from the ST16C550 to disable the external
transceiverorlogics.

Transmit ready. (active low) This pin goes low when the
transmit FIFO of the ST16C550 is full. It can be used as a
single or multi-transfer.

Address strobe. (active low) A low on this pin will latch the
state ofthe 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

RXRDY*

INT

opP2*

RTS*

DTR*

OoP1*

RESET

cTS*

DSR*

31

32

33

35

37

Receive ready. (active low) This pin goes low when the
receive FIFOisfull. It can be used as asingle or multi-transfer.
Interrupt output. (active high) This pin goes high (when
enabled by the interrupt enable register) whenever areceiver
error, receiver data available, transmitter empty, ormodem
status condition flag is detected.

General purpose output. (active low) User defined output.
See bit-3 modem control register (MCR bit-3).

Requestto send. (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 onthe transmit or receive operation.

Dataterminal ready. (active low) Toindicate that ST16C550
is ready to receive data. This pin can be controlled via the
modem control register (MCR bit-0). Writing a “1” at the
MCR bit-0Owill setthe DTR* output to low. This pin will be set
to high state afterwriting a “0”to that register or afterthe reset
.Notethatthis pindoes not have any effect onthe transmit or
receive operation.

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

Masterreset. (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
readingthe 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 isreadyto exchange datawith UART. This pindoes
not have any effect on the transmit orreceive operation.

(/]
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SYMBOL DESCRIPTION

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

RI* 39 I Ring detect indicator. (active low) A low on this pin indicates
the modem hasreceived a ringing signal fromtelephone line.

VCC 40 | Power supply input.

PROGRAMMING TABLE

Receive Holding Register Transmit Holding Register

0 0 0

0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register FIFO Control Register

0 1 1 Line Control Register

1 0 0 Modem Control Register
1 0 1 Line Status Register

1 1 0 Modem Status Register

1 1 1 Scratchpad Register Scratchpad Register

0 0 0 LSB of DivisorLatch

0 0 1 MSB of Divisor Latch
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ST16C550 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 FCR RCVR | RCVR 0 0 DMA XMIT | RCVR | FIFO
trigger | trigger mode FIFO FIFO | enable
(MSB) | (LSB) select | reset | reset
010 ISR o/ o 0 0 int int int int
FIFOs | FIFOs priority | priority | priority | status
enabled | enabled bit-2 bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop op2* OP1* RTS* DTR*
back
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
000 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 01 DLM bit-15 | bit-14 bit-13 | bit-12 | bit-11 bit-10 bit-9 bit-8
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REGISTERFUNCTIONAL 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
thisregister (THR) willtransferthe contents of databus
(D7-D0) to the Transmit holding register wheneverthe
transmitter holding registerortransmitter shift register
is empty. The transmit holding register empty flag will
be set to “1” when the transmitter is empty or data is
transfered tothe transmit shift register. Note that awrite
operation should be performed when the transmit
holding register empty flag is set.

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

FIFO INTERRUPT MODE OPERATION

When the receive FIFO (FCR BIT-0=1) and receive
interrupts (IER BIT-0=1) are enabled, receiverinterrupt
will occur as follows:

A) The receive data available interrupts will be issued
tothe CPUwhenthe FIFO hasreachedits programmed
triggerlevel; itwill be cleared as soon asthe FIFO drops
below its programmed trigger level.

B) The ISR receive data available indication also
occurswhen the FIFOtriggerlevelis reached, and like
theinterruptitis cleared whenthe FIFO drops belowthe
triggerlevel.

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 controlled sepa-
rately either one or both can be in the polled mode
operation by utilizing the Line Status Register.

A) LSR BIT-0will be set aslong asthere is one byte in
thereceive FIFO.

B) LSR BIT4-1 will specify which error(s) has occurred.

C) LSR BIT-5 will indicate when the transmit FIFO is
empty.

D) LSRBIT-6willindicate when bothtransmit FIFO and
transmit shift register are empty.

E) LSR BIT-7 will indicate when there are any errors in
thereceive 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
Generatorthat is capable of taking any clockinput from
DC-8 MHz and dividing it by any divisor from 2 to 2'¢ -
1. The output frequency of the Baudout*is equalto 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 statusregisterstothe INT output

pin.
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IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiverready 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 interrupt
conditions to minimize software overhead during data
charactertransfers. The Interrupt Status Register (ISR)
providesthe source ofthe interruptin prioritized matter.
During the read cycle the ST16C550 provides the
highest interruptlevelto be serviced by CPU. No other
interrupts are acknowledged until the particular inter-
rupt is serviced. The following are the prioritized inter-
ruptlevels:

Priority level

LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready) or receive time

out.
310101 1]0]| TXRDY( Transmitter
Holding Register Empty)
410|]0]0]O 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=nointerrupt pending.

ISRBIT 1-3:
Logical combination of these bits, provides the highest
priority interrupt pending.

ISR BIT 4-7: _
These bits are notused and are setto zeroin ST16C450
mode. BIT 6-7: are set to "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 signalling.

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
triggerlevels.

FCR BIT-1:

0=Nochange.

1=Clearsthe contents of thereceive FIFO and resetsits
counterlogicto 0 (the receive shift registeris not cleared
or altered). This bit will return to zero after clearing the
FIFOs.

FCR BIT-2:

0=Nochange.

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=Nochange.

1=Changes RXRDY and TXRDY pins from mode “0”
to mode “1”.

FCR BIT 4-5:
Not used.
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FCRBIT 6-7:
These bits are used to set the trigger level for the
receiver FIFOinterrupt.

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the asyn-
chronous data communication format. The number of
theword 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
orreceived.

- a00
-0 -0
0 ~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:

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 forsame format.

LCR BIT-5:

Ifthe parity bitis enabled, LCR BIT-5 selectsthe 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 TXis forced to low state).

0=normal operating condition.

1=forces the transmitter output (TX) to go lowto alertthe
communicationterminal.

LCR BIT-7:

Theinternal baud rate counterlatch enable (DLAB).
O=normal operation.

1=select divisorlatch register.

MODEM CONTROL REGISTER (MCR)

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

MCR BIT-0:
O=force DTR* outputto 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:
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 BIT4:

O=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition), the
receiver input (RX) , CTS*, DSR*, CD*, and RI* are
disabled. Internally the transmitter output is connected
tothereceiverinputand DTR*, RTS*, OP1*and OP2*
are connected to modem control inputs.

Inthis mode, the receiver and transmitter interrupts are
fully operational. The Modem Control Interrupts are
also operational, but the interrupts sources are nowthe
lower four bits of the Modem Control Register instead
ofthe fourModem Controlinputs. The interrupts are still
controlled by the IER .

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

LINE STATUS REGISTER (LSR)
Thisregister providesthe status of datatransferto 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=nooverrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied or if FIFOs are enabled,
anoverrun errorwill occur only afterthe FIFO s fulland
the next characterhasbeen completely receivedinthe
shift register. Note that character in the shift registeris

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 erroris asso-
ciated 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
avalid stop bit. Inthe FIFO mode this erroris associated
with the character at the top of the FIFO.

LSR BIT4:

0=no break condition (normal).

1=receiverreceived a break signal (RXwas low forone
character time frame). In FIFO mode, only one zero
characteris loaded into the FIFO.

LSR BIT-5:

O=transmit holding register is full. ST16C550 will not
accept any data fortransmission.

1=transmit holding register (or FIFO ) is empty. CPU
canload 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 bitis setto one wheneverthe transmitter
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 fromthe MODEM changes state. They are
set to “0” whenever the CPU reads this register.
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MSR BIT-0:
Indicates that the CTS* input to the 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. Itis the compliment of the CTS*input.

MSR BIT-5:
This bit is equivalent to DTR in the MCR during local
loop-back mode. Itisthe compliment ofthe 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 Interruptis generated.

TX High
oP1* High
op2+ High
RTS* High
DTR* High
RXRDY* High
TXRDY* High
INT Low

SCRATCHPAD REGISTER (SR)

ST16C550 provides a temporary data registerto store
8 bits of information for variable use.

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
112K 1

ST16C550 EXTERNAL RESET CONDITION

IER IERBITS0-7=0
ISR ISRBIT-0=1,ISRBITS 1-7=0
LCR LCRBITS0-7=0
MCR MCRBITS 0-7=0
LSR LSRBITS0-4=0,

LSRBITS 5-6=1LSR, BIT 7=0
MSR MSRBITS0-3=0,

MSR BITS 4-7=input signals
FCR FCRBITS0-7=0
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ACELECTRICAL CHARACTERISTICS

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

T, Clock high pulse duration 60 ns

T, Clock low pulse duration 60 ns Extemnal clock
T, Clock rise/falltime 100 ns

T, Baud out rise/fall ftime 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 25 ns

T, Chip select hold time 0 ns

T, CSOUT delay from chip select 10 ns

T, IOR* to drive disable delay 35 ns 100 pF load
T, Address hold time from IOW* 5 ns Note: 1

T, |IOW* delay from address 25 ns Note: 1

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

T, IOW* strobe width 50 ns

Ty Chip select hold time from IOW* 5 ns Note: 1

T, Write cycle delay 55 ns

Tw Write cycle=T +T,, 135 ns

T, Data setup time 10 ns

T, Data hold time 25 ns

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

T, IOR* strobe width 75 ns

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

Ty Read cycle delay 50 ns

Tr Read cycle=T,+T, 135 ns

T Delay from IOR* to data 75 ns 100 pF load
T, |OR* to floating data delay 0 50 ns 100 pF load
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ACELECTRICAL CHARACTERISTICS

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

Symbol | Parameter . Limits
T, Delay from IOW* to output 50 ns 100 pF load
T, Delay to set interrupt from MODEM 70 ns 100 pF load
T, Delay to reset interrupt from IOR* 70 ns 100 pF load
input
T, Delay from stop to set interrupt 1 e 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
T, Delay from stop to set RxRdy 1ok
Ty Delay from IOR* to reset RxRdy us
Ty Delay from IOW* to set TxRdy 195 ns
T, Delay from start to reset TxRdy 8 *
N Baud rate devisor 1 2'%-1
Note 1: Applicable only when AS* is tied low

*Baudout* cycle
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ABSOLUTE MAXIMUM RATINGS

Operating supply range
Voltage at any pin
Operatingtemperature
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

\LoK Clock input low level

wex | Clockinput high level

Input low level

Input high level

Output low level on all outputs
Output high level

Avg power supply current
Input leakage

Clockleakage

T eSS S

o r

-0.5
3.0
-0.5
22

24

0.6
VCC
0.8
vCC
0.4

110
110

TR <<<<<x<
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CLOCK TIMING

CRYSTAL
OR /N
EXTERNAL /i
CLOCK i« »
M

BAUDOUT* TIMING

BAUDOUT*

1/2 BAUDOUT*

S A W WA W

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

L E—

17
AG-A2 % |
8 :% <
; T9
cs2

ccccc
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MODEM TIMING

low*
Iow

> T28

RTS*
DTR*

CD
CTs
DSR

INTx

IOR*
IOR

RI
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TRANSMIT TIMING

START BIT
i DATA BITS (5-8) STOP BIT
TX OUT \ | po| D1 |D2| D3| D4|D5| D6 |D7 \__/—
* > i e
SDATABITS | PARITYBIT  NEXT
g > | DATA
¢ | 6 DATA BITS ; START BIT
@ |
- s
7 DATABITS . > e T34
1 I
INTX | j¢ T33 o
|

low*
IOW

16 BAUD RATE CLOCK
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RECEIVE TIMING

START BIT
i DATA BITS (5-8) STOP BIT
RX INPUT \ /oo | Dt |D2|D3| D4 | D5 | D6
i
b > I
SDATABITS | PARITYBIT | NEXT
« w1 DATA
6 DATA BITS I START BIT
[Pl al
< q
7 DATABITS : 31
|
I
INTX |
i
]
|
IOR* i
IOR i

16 BAUD RATE CLOCK
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TXRDY TIMING FOR MODE "0"

TXOUTPUT

D0-D7

TXRDY

START BIT
— DATABITS (5-8) STOP BIT
\ /Do | DI |D2|D3|D4| D5 | D6
5 DATA BITS PARITY BIT
b 6 DATA BITS "
B 7 DATABITS -
146 > 1<— T47
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TXRDY TIMING FOR MODE "1"

START BIT
> DATA BITS (5-8) STOP BIT
TX OUTPUT \ |/ oo|Dt|D2|D3|D4|D5|D6
5 DATA BITS PARITY BIT

b 6 DATA BITS -

b 7 DATA BITS "
IoW*
oW
D0-D7

T4 - T47

TXRDY / FIFOFULL \
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RXRDY TIMING FOR MODE "0"

START BIT
> DATA BITS (5-8) STOP BIT
RX INPUT
(Frst byte) \ / Do | D1 | D2 | D3 | D4 | D5 | D6
5 DATA BITS oAnTY BT
N 6 DATA BITS >
b 7 DATA BITS >
«>{T44

RXRDY i .
IOR*
IOR
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RXRDY TIMING FOR MODE "1"

START BIT
—p DATA BITS (5-8) STOP BIT
RX INPUT \ [ oo | Dt |D2|D3|D4| D5 | D6
5DATABITS PARITY BIT
b 6 DATA BITS - First byte that reaches
< » the trigger level
7 DATABITS
<->| T44

RXRDY
IOR*
IOR
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ST16C1550
#2 STARTECH ST16C1551

APR 1992
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

PLCC Package

The ST16C1550/51 is a universal asynchronous re-
ceiver and transmitter with 16 byte transmit and
receive FIFO. A programmable baud rate generator
is provided to select transmit and receive clock rates

from 50Hz to 448kHz. o % il
The ST16C1550/51 is animproved version of the SSI » ) e
73M1550 and SSI 73M2550 UART with higher oper- » ST16C1550c028  |22] RTS~
ating speed and lower access time. The ST16C1550/ R 21] %0
51 on board status registers provides the error n [20] M
conditions, type and status of the transfer operation e 18] s
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 ST16C1550/51 provides internal loop-back capa-
bility for on board diagnostic testing.
The ST16C1550/51 is fabricated in an advanced 1.2y ST16C1550
CMOS process to achieve low drain power and high
speed requirements.
* Pinto pinand functional compatible to SSI 73M1550/ PLCC Package
2550
* 16 byte transmit FIFO
* 16 byte receive FIFO with error flags zazzfdl
* Modem control signals (CTS*, RTS*, DSR*, DTR*,
RI*, CD*) .y ) o
* Programmable character lengths (5, 6, 7, 8) - 21 weser
* Even, odd, orno parity bit generation and detection % 23] o~
* Software compatible with INS8250, NS16C550 L smecissicies  [22] s
* 448 kHz transmit/receive operation with 7.372 MHz “ 2] w0
crystal or external clock source (: % :;
* 28 Pin plastic-Dip and PLCC package

* Pin-to-pin compatible to ST16C1450/1451

ST16C1551
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

*Industrial operating range are available
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ST16C1550 SYMBOL DESCRIPTION

D0-D7 1-8 /O Bidirectional 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 ortransmitted.

RX 9 | Serial data input. The serialinformation (data) received from
serial portto 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.

> 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
ST16C1550/CPU datatransfer operation.

XTAL1 12 | 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-

sionrates.
XTAL2 © 13 l Crystal input 2 or buffered clock output. See XTAL1.
Iow* 14 | Write strobe (active low). A low on this pin will transfer the
contents of the CPU data bus to the addressed register.
GND 15 O Signal and power ground.
IOR* 16 | Read strobe (active low). Alowlevel onthis pin transfers the

contents of the ST16C1550 data bus to the CPU..

RI* 17 | Ringdetect indicator (active low). A low onthis pinindicates
the modem hasreceived a ringing signal fromtelephone line.

INT 18 (0] Interrupt output. (three state / active high) This pin goes high
(when enabled by the interrupt enable register) whenevera
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ST16C1550 SYMBOL DESCRIPTION

receiver error, receiverdata available, transmitterempty, or
modem status condition flag is detected.

A0-A2 21-19 | Address select line. To select internal registers.

RTS* 22 (o] Requestto send (active low). Toindicate 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 onthe transmit or receive operation.

DTR* 23 O Dataterminalread (active low). Toindicate that ST16C1550
is ready to receive data. This pin can be controlied via the
modem control register (MCR bit-0). Writing a “1” at the
MCR bit-0 will set the DTR* output to low. This pin will be set
to high state afterwriting a“0”tothat registeror afterthe reset
.Notethat this pindoes not have any effect onthe transmit or
receive operation.

RESET 24 | Masterreset (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 isreadyto exchange datawith UART. This pindoes
not have any effect on the transmit or receive operation.

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

VCC 28 | Power supply input.
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ST16C1551 SYMBOL DESCRIPTION

DO0-D7 1-8 /O Bidirectional 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 ortransmitted.

RX 9 | Serial datainput. The serialinformation (data) received from
serial portto ST16C1551 receive input circuit. Amark (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.

> 10 (o) Serial data output. The serial dataistransmitted 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 datatransfer operation.

CLK 12 | 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). Alowlevelonthis pin transfers the

contents of the ST16C1551 data bus tothe CPU..

RI* 16 | Ringdetect indicator (active low). A low on this pinindicates
the modem hasreceived a ringing signal fromtelephone line.

RST 17 (@) Reset output (active high). The ST16C1551 provides a buff-
ered reset output which is gated internally with MCR bit-2.

INT 18 (o) Interrupt output. (three state/active high) This pin goes high
(when enabled by the interrupt enable register) whenever a
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S$T16C1551 SYMBOL DESCRIPTION

receiver error, receiverdata available, transmitterempty, or
modem status condition flag is detected.

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

RTS* 22 O Requestto send (active low). Toindicate 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 onthe transmit or receive operation.

DTR* 23 (o] Dataterminal read (active low). Toindicate that ST16C1551
is ready to receive data. This pin can be controlled via the
modem control register (MCR <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>