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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with Tl's standard warranty. Testing and other quality
control techniques are utilized to the extent Tl deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate T! officer.
Questions concerning potential risk applications should be directed to Ti through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

Tl assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does Tl warrant or
represent that any license, either express orimplied, is granted under any patent right, copyright,
mask work right, or other intellectuai property right of Tl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Copyright © 1996, Texas Instruments Incorporated

Printed in U.S.A. by
Custom Prmtln%l| ompany
Owensville, Missouri



INTRODUCTION

In the 1996 Data Transmission Circuits Data Book, Volume 2, the Mixed-Signal Products
Division of Texas Instruments (TI) presents technical information on various products for
electronic media and electronic devices.

The Tl data transmission circuits represent technologies from classic bipolar through Advanced
Low-Power Schottky (ALS), IMPACT™, LinBiCMOS™, CMOS, and BiMOS processes. The ALS
and IMPACT oxide-isolated technologies provide the data transmission family with improved
speed-power characteristics.

This data book provides information on the following types of products:

® UARTs

® Plug-and-play compatible devices

® Infrared serigl data inputs and outputs
® |EEE 1394-1995

Among the new products offered by Tl within the 1996 Data Transmission Circuits Data
Book, Volume 2 are:

® TL16PNP100A — a standalone plug-and-play controller.
® TL16PNP550A — the industry’s first UART with plug-and-play capability.

® TL16C750 — a UART with a 64-byte FIFO buffer that reduces the number of
interrupt requests.

® TSB21LV03 — a 1394 triple cable transceiver/arbiter that provides three fully
compliant cable ports at 100/200 Mbits/s

® TSB11LVO1 — a 1-port 1394 cable transceiver/arbiter for 3-V supply operatibn at
100 Mbits/s

® TSB14C01 — a 1-port 1394 backplane transceiver/arbiter that provides the
transceiver functions needed to implement a single port node at 50/100 Mbits/s in a
backplane-based 1394 network.

The data book is organized for quick location of a specific data sheet. The sequence is in base
part number order (i.e., TL16C450 is located next to the TL16C451). The alphanumeric index
provides a quick method of locating the data sheet for a known part number and indicates new
products in this edition. A preview of new products that are near release to production are
included for the first time in this data book.

The selection guide is grouped by industry standard and includes key features and the standard
device footprint of the products in each category. The cross-reference guide lists other
manufacturers’ devices with the suggested Tl replacement. Package mechanical information is
in the last section of the data book.

IMPACT and LinBiCMOS are a trademarks of Texas Instruments Incorporated.



While this data book offers design and specification data only for data transmission products,
complete technical data for any Tl semiconductor product is available from your nearest Tl Field
Sales Office, local authorized Tl distributor, or by writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P.O. Box 809066

DALLAS, TEXAS 75380-9066

or telephone the Tl Literature Response number: 1-800-477-8924.

We sincerely believe the new 1996 Data Transmission Circuits Data Book, Volume 2 will be a
valuable addition to your collection of technical literature.
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ALPHANUMERIC INDEX

TIR1000
TL16C450
TL16C451
TL16C452
TL16C550A
TL16C550B
TL16C550C
TL16C552
TL16C552A
TL16C552Al
TL16C554
TL16C750
TL16PC564A
TL16PIR552
TL16PNP100A
TL16PNP200t
TL16PNP550A
TSB11C01
TSB11LVO1t
TSB12C01A
TSB12C01AMT
TSB14c01T
TSBi14coimt
TSB21LV03t
TSB21LV0o3Mt

Standalone IrDA Encoder and Decoder .............c.iiiiiiiiiiiiiieiriiinninnnnen.. 2-3
Asynchronous Communications Element ............... ..ot 2-9
Asynchronous Communications Element ............. ... ... it 2-33
Asynchronous Communications Element .............. ..., 2-33
Asynchronous Communications Element ............... ..o, 2-57
Asynchronous Communications Element .............. ... ... it 2-87
Asynchronous Communications Element with Autoflow Control ..................... 2-117
Dual Asynchronous Communications Elementwith FIFO ........................... 2-151
Dual Asynchronous Communications Elementwith FIFO ........................... 2-183
Dual Asynchronous Communications Element with FIFO ........................... 2-217
Asynchronous Communications Element .............. ...t 2-251
Asynchronous Communications Element with 64-Byte FIFOs and Autoflow Control .... 2-281
PCMCIA Universal Asynchronous Receiver Transmitter ...................coooa.t. 2-315
Dual UART with Dual IrDA and 1284 Parallel Port ...............cciiiiiiin, 3-3
Standalone Plug-and-Play (PnP) Controller .................coiiiiiiiiiit, 2-347
Standalone Plug-and-Play (PnP) Controller ...ttt 3-5
Asynchronous Communications Element with Plug-and-Play and Autoflow Control .... 2-365
|EEE 1394-1995 Triple-Cable Transceiver/Arbiter ...............ccoiiiiiiiiinn.. 4-3
1-Port P1394 Cable Transceiver/Arbiter For 3-Volt Supply Operation .................. 5-3
1394 High-Speed Serial-Bus Link-Layer Controller ............. ..o, 4-21
P1394 High-Speed Serial-Bus Link-Layer Controller .............. ..o, 5-7
P1394 Backplane Transceiver/Arbiter For 5-Volt Supply Operation ................... 5-21
IEEE 1394-1995 Backplane Transceiver/Arbiter For 5-Volt Supply Operation .......... 5-23
P1394 Triple-Cable Transceiver/Arbiter . ...ttt i 5-25
IEEE 1394-1995 Triple-Cable Transceiver/Arbiter ............. . .o, 5-29

T This is a product preview data sheet.

"@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-3



SELECTION GUIDE

UARTs

DEVICE DEVICE TYPET DESCRIPTION# PACKAGES | PAGE
TIR1000 IR Standalone IrDA encoder and decoder PS 2-3
TL16C450 UART " | Single ACE without FIFO FN,N 2-9
TL16C451 UART Single ACE with parallel port and without FIFO FN 2-33
TL16C452 UART Dual ACE with parallel port and without FIFO FN 2-33
TL16C550A UART Single ACE with FIFO FN, N 2-57
TL16C550B UART Single ACE with 16-byte FIFOs FN, N, PT 2-87
TL16C550C UART Single ACE with 16-byte FIFOs and auto flow control FN, N, PT 2-117
TL16C552 UART Dual ACE with 16-byte FIFOs and parallel port FN 2-151
TL16C552A UART Dual ACE with 16-byte FIFOs and parallel port FN 2-183
TL16C552A1 UART E‘:ﬁls::gﬁ;vr:g ;rg.tgﬁer::;gs and parallel port characterized over EN o017
TL16C554 UART Quadruple ACE with 16-byte FIFOs FN 2-251
TL16C750 UART Single ACE with 64-byte FIFOs, autoflow control, and low-power modes | FN, PM 2-281
TL16PC564A UART, PCMCIA | Single ACE with 64-byte FIFOs and PCMCIA interface 274 2-315
TL16PIR5528 UART, IR Dual ACE with 16-byte FIFOs and has selectable IR and 1284 modes n/a 3-3
TL16PNP100A PnP Standalone PnP controller that supports two logical devices FN, PT 2-347
TL16PNP200§ PnP Standalone PnP controller that supports five logical devices n/a 3-5
TL16PNP550A UART, PnP Single ACE with 64-byte FIFOs, autoflow control, and PnP controller FN 2-365

T UART = universal asynchronous receivers/transmitters, PCMCIA = Personal Computer Memory Card International Association , PnP = plug and
play, IR = ifrared.

$ACE= asynchronous communications element , FIFO = first in/first out, IrDA = Infrared Data Association

§ The data sheet for this device is product preview.
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SELECTION GUIDE

IEEE 1394-1995
DEVICE DESCRIPTION PACKAGE | PAGE
TSB11CO01 Triple-cable transceiver/arbiter DL 4-3
TsB11Lvo1t Triple-cable transceiver/arbiter — 5-3
TSB12CO1A High-speed serial-bus link-layer controller 274 4-21
TSB12C01AMT High-speed serial-bus link-layer controller WN 5-7
TSB14co1t P1394 Single-Port Backplane Transceiver/Arbiter For 5-Volt Supply Operation _ 5-21
TsB14coimt P1394 Single-Port Backplane Transceiver/Arbiter For 5-Volt Supply Operation WD 5-23
TsB21Lvo3t Triple-cable transceiver/arbiter — 5-25
TSB21LVo3mt Triple-cable transceiver/arbiter HV 5-29
T The data sheet for this device is product preview.
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TIR1000
STAND-ALONE IrDA ENCODER AND DECODER

SLLS228A —- DECEMBER 1995 — REVISED FEBRUARY 1996

©® Adds Infrared (IR) Port to Universal
Asynchronous Receiver Transmitter
(UART)

® Compatible with Infrared Data Association
(IrDA) & Hewlett Packard Serial Infrared
(HPSIR)

©® Provides 1200 bps to 115 kbps Data Rate
® Uses 2.7-V to 5.5-V Supply

® Provides Simple Interface With UART

©® Decodes Negative or Positive Pulses

® Available in 8-Pin Small Outline Package
(SOP)

description

The TIR1000 serial infrared (SIR) encoder/
decoder is a CMOS device which encodes and
decodes bit data in conformance with the IrDA
specification.

A transceiver device is needed to interface to the
photo-sensitive diode (PIN) and the light emitting
diode (LED). AUART is needed to interface tothe
serial data lines.

PS PACKAGE
(TOP VIEW)
16XCLK CI] 10 8 T Voo
U_TXD CI2 7[FI3 IR_TXD
U_RXD I3 6 .1 IR_RXD
GND 14 5 [T RESET

functional block diagram

RESET —
IR_RXD —P> Decoder |3 y_RXD

16XCLK
U_TXD — Encoder —» IR_TXD

Terminal Functions

TERMINAL
DESCRIPTION
NAME NO.

16XCLK 1 Clock signal. 16XCLK should be set to 16 times the baud rate. The highest baud rate for IrDA is 115.2 kbps, for
which the clock frequency equals to 1.843 MHz (this terminal is tied to the BAUDOUT of a UART).

GND Ground

IR_RXD 6 Infrared receiver data. IR_RXD is IRDA-SIR modulated input from an optoelectronics transceiver whose input
pulses should be 3/16 of the baud rate period.

IR_TXD 7 Infrared transmitter data. IR_TXD is IRDA-SIR modulated output to an optoelectronics transceiver.

RESET 5 Active high reset. RESET initializes a IRDA-SIR decode/encode state machine (this terminal is tied to a UART
reset line).

U_RXD 3 Receiver data. U_RXD is decoded (demodulated) data from IR_RXD per the IRDA specification (this terminal is
tied to SIN of a UART).

U_TXD 2 Transmitter data. U_TXD is encoded (modulated) data and output data as IR_TXD (this terminal is tied to SOUT
from a UART).

Vece 8 Power supply. The VG requirement is 2.7 Vt0 5.5 V

PRODUCTION DATA information is current as of publication date. . Copyright © 1996, Texas Instruments Incorporated

mm mﬁg to specifications per the mm! Tg:ns Inm:::&e& '
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TIR1000 -
STAND-ALONE IrDA ENCODER AND DECODER

SLLS228A - DECEMBER 1995 — REVISED FEBRUARY 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (see Note 1) ... -05Vto6V
Input voltage range atany input, Vi ... -05VtoVgc+05V
Output voltage range, Vo ...t e -05VtoVgg+05V
Operating free-air temperature range, TA ... .cviviiiiiiiiii ittt 0°C to 70°C
Storage temperature range, Tgtg - -« vvvvvneretireiiiii e —65°C to 150°C
Case temperature for 10 seconds: SOP package ...........c.cciviiiiiiiiiiiiiiiiiineians 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage levels are with respect to GND.

recommended operating conditions over recommended operating free-air temperature range

low voltage (3 V nominal)

MIN NOM MAX | UNIT

Supply voltage, Voo 27 3 3.3 Vv
High-level input voltage, V4 0.7Vce \
Low-level input voltage, Vii_ 0.2Vce \
Operating free-air temperature, Tp 0 70 °C

standard voltage (5 V nominal)

MIN NOM MAX | UNIT

Supply voltage, Voo 4.75 5 5.25 \
High-level input voltage, ViH 0.7Vce \')
Low-level input voltage, V) 0.2Vce \
Operating free-air temperature, Tp 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
loH=-4mA Vee=5V Ve —-0.8
VOH High-level output voltage Slal Lo ce \
loH=—-1.8mA Vec=3V Voo - 0.55
loL =+4 mA Vec=5V 0.5
VoL Low-level output voltage oL CC \'
loL=+1.8mA Vec=3V 0.5
Iy Input current Vi=0to Ve, All other pins floating +1 uA
Vecc =525V, TA =25°C,
lcc Supply current Allinputs at0.2V,  16XCLK at 2 Mhz, 1 mA
No load on outputs
Ci(16XCLK) Clock input capacitance 5 pF
f(16XCLK)  Clock frequency 2| MHz
1, b TEXAS
| INSTRUMENTS
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TIR1000
STAND-ALONE irDA ENCODER AND DECODER

SLLS228A —- DECEMBER 1995 — REVISED FEBRUARY 1996

switching characteristics

PARAMETER TEST CONDITIONS MmIN TYPt  MmAX| uNiT
tr Output rise time C(LOAD) = 15 pF (10% to 90%) 1.3 ns
1f Output fall time C(LOAD)= 15 pF (90% to 10%) 1.8 ns

T Typical values are at T = 25°C.

APPLICATION
Optoelectronics TIR1000 TL16C550C UART
U_TXD |« SOUT
To LED IR_TXD
U_RXD »{SIN
From »{IR_RXD
PIN 16XCLK |¢ BAUDOUT
> RESET l—»{ RESET

Figure 1. Typical application of the TIR1000

PRINCIPLES OF OPERATION

IrDA overview

The Infrared Data Association (IrDA) defines several protocols for sending and receiving serial infrared data,
including rates of 115.2 kbps, 0.576 Mbps, 1.152 Mbps, and 4 Mbps. The low rate of 115.2 kbps was specified
first and the others must maintain downward compatibility with it. At the 115.2 kbps rate, the protocol
implemented in the hardware is fairly simple. It primarily defines a serial infrared data “word” to be surrounded
by a start bit equal to 0 and a stop bit equal to 1. Individual bits are encoded or decoded the same whether they
are start, data, or stop bits. The TIR1000 evaluates only single bits and only follows the 115.2 kbps protocol.
The 115.2 kbps rate is a maximum rate. When both ends of the transfer are set up to a lower but matching speed,
the protocol (with the TIR1000) still works. The clock used to code or sample the data is 16 times the baud rate,
or 1.843 Mhz maximum. To code a 1, no pulse is sent or received for 1-bit time period, or 16 clock cycles. To
code a 0, one pulse is sent or received within a 1-bit time period, or 16 clock cycles. The pulse must be at least
1.6 us wide and 3 clock cycles long at 1.843 Mhz. At lower baud rates the pulse can be 1.6 ps wide or as long
as 3 clock cycles. The transmitter output, IR_TXD, is intended to drive a LED circuit to generate an infrared
pulse. The LED circuits work on positive pulses. A PIN circuit is expected to create the receiver input, IR_RXD.
Most, but not all, PIN circuits have inversion and generate negative pulses from the detected infrared light. Their
output is normally high. The TIR1000 can decode either negative or positive pulses on IR_RXD.

¢ TEXAS
INSTRUMENTS
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TIR1000
STAND-ALONE IrDA ENCODER AND DECODER

SLLS228A — DECEMBER 1995 — REVISED FEBRUARY 1996

PRINCIPLES OF OPERATION

IrDA encoder function

Serial data from a UART is encoded to transmit data to the optoelectronics. While the serial data input to this
block (U_TXD) is high, the output (IR_TXD) is always low, and the counter used to form a pulse on IR_TXD is
continuously cleared. After U_TXD resets to 0, IR_TXD rises on the falling edge of the seventh 16XCLK. On
the falling edge of the tenth 16XCLK pulse, IR_TXD falls, creating a 3-clock-wide pulse. While U_TXD stays
low, a pulse is transmitted during the seventh to tenth clocks of each 16-clock bit cycle. -

| | | | I 16 Cycles I 16 Cycles I 16 Cycles I 16 Cycles :
U_TXD ' I I I 16X CLK — 1R R
ol BRRRERK Zolelsleieteleteltetetetels s
- : .
I T T

|
| | I I Il_
|
:
i
I

|1 234567|3 10| 12 14 16I

RTXD | ] I IR_TXD N I I: N

I
I
—
I I I I

|

|

|
Ll

| | | |

Figure 2. IrDA-SIR Encoding Scheme — Figure 3. Encoding Scheme - Macro View
Detailed Timing Diagram
IrDA decoder function

After reset, U_RXD is high and the 4-bit counter is cleared. When a falling edge is detected on IR_RXD, U_RXD
falls on the next rising edge of 16 XCLK with sufficient setup time. U_RXD stays low for 16 (16XCLK) cycles and
then returns to high as required by the IrDA specification. As long as no pulses (falling edges) are detected on
IR_TXD, U_RXD stays high.

|
IR_RXD l | | :

|

16XCLK I’I”H‘”|||||||”|”|||||H|H||“||
123456 78 10 12 14 16

U_RXD II

|

I

Figure 4. irDA-SIR Decoding Scheme — Figure 5. Decoding Scheme — Macro View
Detailed Timing Diagram

| 16 Cycles | 16 Cycles | 16 Cycles | 16 Cycles

R
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TIR1000
STAND-ALONE IrDA ENCODER AND DECODER .

SLLS228A — DECEMBER 1995 — REVISED FEBRUARY 1996

PRINCIPLES OF OPERATION

Itis possible for jitter or slight frequency differences to cause the next falling edge on IR_RXD to be missed for
one 16XCLK cycle. In that case, a 1-clock wide pulse appears on U_RXD between consecutive zeroes. It is
important for the UART to strobe U_RXD in the middle of the bit time to avoid latching this temporary value. The
TL16C550C UART already strobes incoming serial data at the proper time. Otherwise, note that data is required
to be framed by a leading zero and a trailing one. The falling edge of that first zero on U_RXD synchronizes the
read strobe. The strobe is on the eighth 16XCLK pulse after the U_RXD falling edge and once every 16 cycles
thereafter until the stop bit occurs.

I f
IR_RXD | |: | |

|
1231456 738 10 12 14 16 12|345678 10 12 14 16
M [
! ! t
| | |
Figure 6. Timing Causing 1-clock Wide Pulse Between Consecutive Ones

l{¢—— 16Cycles — Pl l¢— 16Cycles —Ppl

el
Tttt

L

|
U_RXD |
I
|

U_RXD ——I

|
. |
External Strobe |
| |
| |
ﬂ——-—)ﬂ—. 16 Cycles ——ﬁ
7 Cycles ’

Figure 7. Recommended Strobing For Decoded Data
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TIR1000
STAND-ALONE IrDA ENCODER AND DECODER

SLLS228A — DECEMBER 1995 — REVISED FEBRUARY 1996

PRINCIPLES OF OPERATION

The TIR1000 can also decode positive pulses on IR_RXD. The timing is different, but the variation is invisible
to the UART. Because the decoder works from the falling edge, it now recognizes a zero on the trailing edge
of the pulse rather than on the leading edge. As long as the pulse width is fairly constant, as defined by the
specification, the trailing edges should also be 16 clock cycles apart and data can readily be decoded. The zero
appears on U_RXD after the pulse rather than at the start of it.

| ]
IR_RXD ‘ |
|

| |11t 2 3 4 5 6 7 8 10 12 14 16

Figure 8. Positive IR_RXD Pulse Decode - Detailed View

Cycles

“__ 16 _JI‘_ 16 ___Jl‘_ 16 _+_ 16 _ﬂ

| Cycles Cycles Cycles |
T T o

",
LR

ri

e e e TaTeTeTATAT 60T
RORNRRHINRANNR
RS

|
Figure 9. Positive IR_RXD Pulse Decode — Macro View
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TL16C450

ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS037B — MARCH 1988 - REVISED MARCH 1996

® Programmable Baud Rate Generator Allows

Division of Any Input Reference Clock by 1
to (216 —1) and Generates an Internal 16x
Clock

@ Full Double Buffering Eliminates the Need
for Precise Synchronization

® Standard Asynchronous Communication
Bits (Start, Stop, and Parity) Added or
Deleted to or From the Serial Data Stream

® Independent Receiver Clock Input

® Transmit, Receive, Line Status, and Data
Set Interrupts Independently Controlled

@ Fully Programmable Serial Interface
Characteristics:
- 5-,6-,7-, or 8-Bit Characters
- Even-, Odd-, or No-Parity Bit Generation
and Detection
1-, 1 1/2-, or 2-Stop Bit Generation
Baud Generation (dc to 256 Kbit/s)

® False Start Bit Detection

® Complete Status Reporting Capabilities

©® 3-State TTL Drive Capabilities for
Bidirectional Data Bus and Control Bus

® Line Break Generation and Detection

@ Internal Diagnostic Capabilities:
— Loopback Controls for Communications
Link Fault Isolation
- Break, Parity, Overrun, Framing Error
Simulation

@ Fully Prioritized Interrupt System Controls

® Modem Control Functions (CTS, RTS, DSR,
DTR, RI, and DCD)

® Easily Interfaces to Most Popular
Microprocessors

® Faster Plug-In Replacement for National
Semiconductor NS16C450

description

N PACKAGE
(TOP VIEW)
poff 1 ~ 40 %Vcc
Diff2  as9f]RI
D2[]s  38]] DCD
D3[l4 a7 g'D_F{'
D4[] 5 36[] CTS
D5[] 6 35 % MR
Dé[] 7 34[] OUTY
D7[l s 33 aﬁﬁ
RCLK[]e  32[]RTS

SIN[J 10 31]]OUT2
SOUT[} 11 30|] INTRPT
CSofJ 12 29[JNC
CSi[]13 28[]A0
CS2[] 14 27[] A1
BAUDOUT[| 15  26[] A2
XTAL1[} 16  25[]ADS
XTAL2[| 17 24]] CSOUT
DOSTR[] 18  23[] DDIS
DOSTR[| 19  22[] DISTR
Vss[|20  21[]DISTR

FN PACKAGE
(TOP VIEW)
QcCwn

tToa=-20 8_-000
noocoazdEdooo

PG " | | | S - - - —
D5]7654 3 2 144434241489EMR
D[] 8 sg[JouTT
D7H 9 37[ DTR

RCLK[] 10 36[]RTS
SIN[] 11 35[]ouT2
NC] 12 34[]NC

SouT|] 18 33[] INTRPT
csof] 14 32E NC
csif] 15 31[] Ao
cs2[] 16 30[] A1

AUDO UT'P 17 29[ A2
181920 21 22 2324 25 26 27 28
o o o e i Y o o o ¥ oy |
- CcCr nojlcoe O |0
St L
<laa oo~ 38

IC — No internal connection

The TL16C450 is a CMOS version of an asynchronous communications element (ACE). It typically functions
in a microcomputer system as a serial input/output interface.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. F ing does not ily include
testing of all parameters.

‘5‘ TEXAS

Copyright © 1996, Texas Instruments Incorporated
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TL16C450
ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS037B ~ MARCH 1988 ~ REVISED MARCH 1996

description (continued)

The TL16C450 performs serial-to-parallel conversion on data received from a peripheral device or modem and
parallel-to-serial conversion on data received from its CPU. The CPU can read and report on the status of the

ACE at any point in the ACE’s operation. Reported status information includes the type of transfer operation
in progress, the status of the operation, and any error conditions encountered.

The TL16C450 ACE includes a programmable, on-board, baud rate generator. This generator is capable of
dividing a reference clock input by divisors from 1 to (216 —1) and producing a 16 x clock for driving the internal
transmitter logic. Provisions are included to use this 16 clock to drive the receiver logic. Also included in the
ACE is a complete modem control capability and a processor interrupt system that may be software tailored
to the user’s requirements to minimize the computing required to handle the communications link.

2-10
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TL16C450

ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS037B — MARCH 1988 — REVISED MARCH 1996

block diagram

Internal
Data Bus
Data Receiver < 1 SIN
D7-D0 =89l Bus  |e=bi=e Buffer Register
Buffer Register
Line Receiver 9
<) Control Timingand [<4—— RCLK
Register Control
M
Divisor
Latch (LS)
> | gBlaud 15 _ BAUDGUT
Divisor
Latch (MS)
\ 4
28 »
Ao 27 Transmitter
A Line < Timing and
Az -2 > Status Control
Register <
cso 12 #
cs1 13 -
cs2 14 Transmitter Transmitter 1
——_ 25 —- Holding Shift ———— souT
ADS Select Register Register
MR 35 and
29 Control
DISTR Logic 32
mfﬁ 21 Modem | RTS
19 4P Control 36 e
DOSTR Register ’-4-33 CTS
DOSTR —12 DTR
23 Modem 37
DDIS €==— . Control "E" DSR
csout €2 _ | Modem | Logic €38 Bop
16 -y Status < 39 ==
XTAL1 Register 4, H
17 ‘ outi
XTAL2 ¢— 31
——— OUT2
Interrupt Interrupt
40 P <) Enable COntrc':’l 30 INTRPT
Vee o L Power Register Logic
Vss Supply
Interrupt
< /0 -4——'
Register
Terminal numbers shown are for the N package.
U
INSTRUMENTS
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Terminal Functions

TERMINAL
NAME No.t o DESCRIPTION

A0 28 | | Register select. A0, A1, and A2 are three inputs used during read and write operations to select the ACE register

At 27 to read from or write to. Refer to Table 1 for register addresses, also refer to the address strobe (ADS) signal

A2 26 description.

ADS 25 I | Address strobe. When ADS is active (low), the register select signals (A0, A1, and A2) and chip select signals
(CS0, CS1, CS2) drive the internal select logic directly; when high, the register select and chip select signals are
held in the state they were in when the low-to-high transition of ADS occurred.

BAUDOUT 15 O | Baud out. BAUDOUT is a16x clock signal for the transmitter section of the ACE. The clock rate is established
by the reference oscillator frequency divided by a divisor specified by the baud generator divisor latches.
BAUDOUT may also be used for the receiver section by tying this output to the RCLK input.

Cso 12 I | Chip select. When CSx is active (high, high, and low respectively), the ACE is selected. Refer to the ADS signal

CS1 13 description.

[ 14

csout 24 O | Chipselect out. When CSOUT is high, it indicates that the ACE has been selected by the chip select inputs (CSO,
CS1, and CS2). CSOUT is low when the chip is deselected. )

CTS 36 | Clearto send. CTS is a modem status signal. Its condition can be checked by reading bit 4 (CTS) of the modem
status register. Bit 0 (DCTS) of the modem status register indicates that this signal has changed states since the
last read from the modem status register. If the modem status interrupt is enabled when CTS changes state, an
interrupt is generated.

Do -D7 1-8 /O | Data bus. DO~ D7 are 3-state data lines that provide a bidirectional path for data, control, and status information
between the ACE and the CPU.

DCD 38 I | Data carrier detect. DCD is a modem status signal. Its condition can be checked by reading bit 7 (DCD) of the
modem status register. Bit 3 (DDCD) of the modem status register indicates that this signal has changed states
since the last read from the modem status register. If the modem status interrupt is enabled when the DCD
changes state, an interrupt is generated.

DDIS 23 O | Driver disable. DDIS is active (high) when the CPU is not reading data. When active, this output can disable an
external transceiver.

DISTR 22 I | Data input strobes. When either DISTR or DISTR is active (high or low respectively) while the ACE is selected,

DISTR 21 the CPU is allowed to read status information or data from a selected ACE register. Only one of these inputs is
required for the transfer of data during a read operation. The other input should be tied in its inactive state (i.e.,
DISTR tied low or DISTR tied high).

DOSTR 19 | | Data output strobes. When either DOSTR or DOSTR is active (high or low respectively), while the ACE is

DOSTR 18 selected, the CPU is allowed to write control words or data into a selected ACE register. Only one of these inputs
is required to transfer data during a write operation. The other input should be tied in its inactive state (i.e., DOSTR
tied low or DOSTR tied high).

DSR 37 | | Data set ready. DSR is a modem status signal. Its condition can be checked by reading bit 5 (DSR) of the modem
status register. Bit 1 (DDSR) of the modem status register indicates that this signal has changed state since the
last read from the modem status register. If the modem status interrupt is enabled when the DSR changes state,
an interrupt is generated.

DTR 33 O | Data terminal ready. When active (low), DTR informs a modem or data set that the ACE is ready to establish
communication. DTR is placed in the active state by setting the DTR bit of the modem control register to a high
level. DTR is placed in the inactive state either as a result of a master reset or during loop mode operation or
clearing bit 0 (DTR) of the modem control register.

INTRPT 30 O | Interrupt. When active (high), INTRPT informs the CPU that the ACE has an interrupt to be serviced. The four
conditions that cause an interrupt are: a receiver error, received data is available, the transmitter holding register
is empty, or an enabled modem status interrupt. The INTRPT output is reset (inactivated) either when the interrupt
is serviced or as a result of a master reset.

MR 35 I | Master reset. When active (high), MR clears most ACE registers and sets the state of various output signals.
Refer to Table 2 for ACE reset functions.

T Terminal numbers shown are for the N package.
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Terminal Functions (continued)

TERMINAL /o DESCRIPTION

NAME No.t

ouT1 34 O [ Outputs 1 and 2. OUT1 and OUT2 are user-designated output terminals that are set to their active states by

ouT2 31 setting their respective modem control register bits (OUT1 and OUT2) high. OUT1 and OUT2 are set to their
inactive (high) states as a result of master reset or during loop mode operations or by clearing bit 2 (OUT1) or
bit 3 (OUT2) of the MCR.

RCLK 9 | Receiver clock. RCLK is the 16 x baud rate clock for the receiver section of the ACE.

Ri 39 I | Ringindicator. Rl is a modem status signal. Its condition can be checked by reading bit 6 (Rl) of the modem status
register. Bit 2 (TERI) of the modem status register indicates that the Rl input has transitioned from a low to a high
state since the last read from the modem status register. If the modem status interrupt is enabled when this
transition occurs, an interrupt is generated.

RTS 32 O | Request to send. When active, RTS informs the modem or data set that the ACE is ready to transmit data. RTS
is set to its active state by setting the RTS modem control register bit and is set to its inactive (high) state either
as a result of a master reset or during loop mode operations or by clearing bit 1 (RTS) of the MCR.

SIN 10 I | Serial input. SIN is the serial data input from a connected communications device.

SOouT il O | Serial output. SOUT is the composite serial data output to a connected communication device. SOUT is set to
the marking (set) state as a result of MR.

Vce 40 5-V supply voltage

Vss 20 Supply common

XTAL1 16 /O | External clock. XTAL1 and XTAL2 connect the ACE to the main timing reference (clock or crystal).

XTAL2 17

T Terminal numbers shown are for the N package.

absolute maximum ratings over free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (see Note 1) ... ... o -05Vto7V
Input voltage range atany input, Vi ... -05Vto7V
Output voltage range, VO ..o vttt e i e -05Vto7V
Continuous total power dissipation at (or below) 70°C free-air temperature: FN package ....... 1100 mW

N package ......... 800 mW
Operating free-air temperature range, Ta ... ..ot 0°C to 70°C
Storage temperature range, Tatg « -« -« v e e v trrinia e —65°C to 150°C
Case temperature for 10 seconds, Tg: FNpackage ................ooiiiiiiii i, 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ..................... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgs.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Voo 4.75 5 525 Vv
High-level input voltage, V|H 2 Vce \
Low-level input voltage, V) -0.5 0.8 \
Operating free-air temperature, T 0 70 °C

{4‘ TEXAS
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electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT mAX | uNIT
Vout High-level output voltage loH=-1mA 24 \
Voot Low-level output voltage loL=1.6mA ) 0.4 \
llkg Input leakage current x|c=C 0=tg'§.52¥ ,V, Xﬁ(s)t;e?’ierminals floating £10 HA
Vecc =525V, Vgg =0,
loz High-impedance output current Vo=0Vto525V, +20 LA

Chip selected, write mode,or chip deselected

Vecc =525V, Ta =25°C,
SIN, DSR, DCD, CTS, and Rl at2V,

lcc Supply current All other inputs at 0.8 V,  Baud rate = 50 kbits/s, 10 mA
XTAL1 at 4 MHz, No load on outputs

CxTAL1 Clock input capacitance 15 20 pF

CxTAL2 Clock outpu't capacitance :/510 ;1 S‘z ¥§i 250; o, 20 30| pF

Ci Input capacitance Al other terminals grounded 6 10| pF

Co Output capacitance 10 20 pF

T All typical values are at VoG = 5 V, Ta = 25°C.
¥ These parameters apply for all outputs except XTAL2.

system timing requirements over recommended ranges of supply voltage and operating free-air
temperature

PARAMETER FIGURE MIN MAX | UNIT
tcR Cycle time, read (ty7 + tgg + tdg) . 175 ns
tow Cycle time, write (twg + td5 + tde) 175 ns
tws Pulse duration, ADS low 2,3 15 ns
twe Pulse duration, write strobe 2 80 ns
tw7 Pulse duration, read strobe 3 80 ns
twMR Pulse duration, master reset 1000 ns
tsut Setup time, address valid before ADST 2,3 15 ns -
tgu2 Setup time, CS valid before ADST 2,3 15 ns
tsu3 Setup time, data valid before WR1J or WR2T 2 15 ns
the Hold time, address low after ADST 2,3 ns
the Hold time, CS valid after ADST 2,3 0 ns
ths Hold time, CS valid after WR1T or WR2{ 2 20 ns
thaS Hold time, address valid after WR1T or WR2! 2 20 ns
ths Hold time, data valid after WR1T or WR2l 2 15 ns
the Hold time, CS valid after RD1T or RD2{ 3 20 ns
th7% Hold time, address valid after RD17 or RD2J 3 20 ns
1448 Delay time, CS valid before WRT. or WR2T 2 15 ns
tg5d Delay time, address valid before WRT{ or WR2T 2 15 ns
tde Delay time, write cycle, WR1T or WR2! to ADS\ 2 80 ns
ta78 Delay time, CS valid to RD1 or RD27T 3 15 ns
[ Delay time, address valid to RD1{ or RD27T 3 15 ns
tdg Delay time, read cycle, RD1T or RD2J to ADS{ 3 80 ns

§ Only applies when ADS is low.

*i) TeEXAS
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system switching characteristics over recommended ranges of supply voltage and operating

free-air temperature
PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT
twi Pulse duration, clock high 1 f = 9 MHz maximum 50 ns
tw2 Pulse duration, clock low 1 f = 9 MHz maximum 50 ns
t43 Delay time, select to CS output 2,3t Cp =100 pF 70| ns
—t;;o Delay time, RD1{ or RD2T to data valid 3 C =100 pF 60| ns
td11 Delay time, RD1T or RD2! to floating data 3 CL =100 pF 0 60| ns
tgis(R)  Disable time, RD11T or RD2T! to DDIST! 3 CL =100 pF 60| ns

t Only applies when ADS is low.

baud generator switching characteristics over recommended ranges of supply voltage and

operating free-air temperature

PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
[ — f=6.25 MHz, CLK+1,
tw3 Pulse duration, BAUDOUT low 1 CL = 100 pF 80 ns
e f=6.25MMHz, CLK=+1,
twa Pulse duration, BAUDOUT high 1 CL = 100 pF 80 ns
td1 Delay time, XINT to BAUDOUT?T 1 Cp =100 pF 125| ns
tdo Delay time, XINT! to BAUDOUT{ 1 CL =100 pF 125| ns

receiver switching characteristics over recom

mended ranges of supply voltage and operating

free-air temperature
PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
td12 Delay time, RCLK to sample clock 4 100 ns
Delay time, stop to set RCV error interrupt or read RCLK
td13 RDR to LSl interrupt or stop to 4 1 1
RXRDY! oycles
td14 Delay time, read RBR/LSR to reset interrupt 4 CL=100pF 140 ns

transmitter switching characteristics over recommended ranges of supply voltage and operating

free-air temperature

PARAMETER FIGURE TEST CONDITIONS MIN MAX| UNIT
td15 Delay time, INTRPT to transmit start 5 8 24 baudout
cycles
" . baudout
td16 Delay time, start to interrupt 5 8 8 cycles
417 Delay time, WR THR to reset interrupt 5 CL =100 pF 140 ns
td18 Delay time, initial write to interrupt (THRE) 5 16 32 baudout
cycles
td19 Delay time, read IIR to reset ihterrupt (THRE) 5 Cp =100 pF 140 ns

“’fTEXAs
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modem control switching characteristics over recommended ranges of supply voltage and
operating free-air temperature

PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
td20 Delay time, WR MCR to output 6 Cp =100 pF 100 ns
tg21 Delay time, modem interrupt to set interrupt 6 CL =100 pF 170 ns
tgo2 Delay-time, RD MSR to reset interrupt 6 Cp_ =100 pF 140 ns

PARAMETER MEASUREMENT INFORMATION

H_! | twi1
RCLK 90% 2V
90% )
(9 MHz Max) 10% 08V
> ty2
: : .

g1 e |7 & a2
| I

BAUDOUT | I
(11)

s el

BAUDOUT
(112)

tw3

twa

BAUDOUT
113)

BAUDOUT
{(1N)
(N>3)

j— 2XTAL1 _py |

Cycles |
je— (N-2) XTAL1 —p
Cycles

Figure 1. Baud Generator Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

| |
ADS
10% 10% \h
¢ tsut —>l |
| | r—- tht :
90%
A0-A2 Valid X validt %x |
1 10
X| 0% ! ' I
| M Mt } |
cso, Cs1, C82 x i !x Valid11'o% X I
T l 10% tha —e—> I |
| s ras |
| 1
csouTt I | /] 90% : I\%* I
t | |
| taat & that¥ I
l— tst—> M tgg ¥
DOSTR, 90% 90%
DOSTR Active
10% |
e tsu3 —blp— ths—»!
0%
DO-D7 Valid Data

T Applicable only when ADS is tied low.
Figure 2. Write Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

P tws
| |
ADS \
10% 10% : 10% I
:‘_ tsu1—M |
| | H“ th1 |
|
90% ><
A0-A2 Valid oX Validt
K_"o_% alid 50%, al 10% :
|
| | |
l e l I
cso, cs1,Ts2 >{9°°{‘,’a,,3°/° >< vaiid? _P( I
I ] 10% the |
B s
L Il l
CSOUT I L Feo% | N90% I
f— tw7 — | |
| & tart- [ th7t- |
fe— tggT—l e tgg—¥
DISTR, 9°;/° '.90%
DISTR ctive
| 10% 10% |
tdis(R) ﬂ ﬂ ﬁ ""f" tdis(R)
|
DDIS | I
| 10% 10%
| |
¢ ta1o ¥ [¢— ‘d11_':
D0-D7 90% Valid Data  J20%

t Applicable only when ADS is tied low.
Figure 3. Read Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

e[ M M

1
8 CLKs >l I‘— tdg12

SAMPLE ' |
CLOCK
SIN -\ Start / Data Bits 5-8 X Parity / Stop \_/_

SAMPLE |
CLOCK
I
> td13
INTRPT i / 90%
(RDR/LSI) 10%
td14~][4——il
|
DISTR, DISTR 90%
(RD RBR/LSR) Active

Figure 4. Receiver Timing Waveforms

SOUT \ Start / Data Bits X Parity / Stop 50%* Start /
10% |
|

I
:c—»— td1s —P 416

INTRPT | 90% 90M_
. 50% 50%
(THRE) .0 | |

| , || |
ta7 W [ | 18—l - tgq7

3—{-———-

DOSTR 90% -\ 90% 90%
(WR THR)
ta19—»
DISTR (RD IIR) 90%

Figure 5. Transmitter Timing Waveforms
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DISTR (RD MSR)

PARAMETER MEASUREMENT INFORMATION

DOSTR (WR MCR) __/—\
10%

td20 -h—ﬂ

'

\

Figure 6. Modem Control Timing Waveforms
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APPLICATION INFORMATION

noew COVO

D7-DO »
< > D7-D0 souT
MEMR or /OR ____ SIN <
DISTR
MEMW or /ON - RTS > EIA 232-D
INTR DTR > Drivers
INTRPT _ J and —>
RESET DSR < Receivers
MR — o
A0 DCD <
Ao cTs <
A1
Al TL16C450 Rl <
A2 (ACE)
A2
ADS XTAL1 L 4 i
DOSTR 3.072
= wmHz T
L _DISTR
[ __
Cs2 XTAL2
CSs1 BAUDOUT :]
H —l— CcSso RCLK I
Figure 7. Basic TL16C450 Configuration
‘ Receiver
WR . Disable R
> DOSTR
TL16C450
Data Bus Data Bus (ACE)

Microcomputer :>
System |K————1 D7-D0

8-Bit
Bus Transceiver < DDIS
Driver
Disable

Figure 8. Typical Interface for a High-Capacity Data Bus
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APPLICATION INFORMATION

TL16C450 Alternate
16 Xtal Control
XTAL1 |
A16-A23 > A16-A23 = I
\ xTaL2 {17 11 -
12 .
cso BAUDOUT |13 T
Address 13 le } =
Decod cs1 RCLK
19 |
cs2
CPU TR [22 DO 20
S 25 | ATS —|32 >o— 1
ADS ADS
ouTT P4
o 35 —
RSIABT |—« > Dc MR ouTz Pla—
ADO-
1S apes
AD0-AD15 K- > Butter K — — — > D0-D7 5CB % 8
PHI1 PHI2 DSR gz—oq-—— 6
cTs @—04—— 5
' 3 A
PHI1 PHI2 ADS RSTO
_ 21 '
RO DISTR sout R
TCU 18
WR DOSTR
10
V SIN Oq 3
ADO-AD15 20
INTRPT [—
csout P4
22
DISTR pbis |22 p— 7
19 2
DOSTR Ne |2 P 1
. .
= =  EIA-232-D
20 40
GND _l_ 5[\, Connector
(Vss)
) (Vee)
Figure 9. Typical TL16C450 Connection to a CPU
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PRINCIPLES OF OPERATION

Table 1. Register Selection

pLABT A2 Al A0 REGISTER
0 L L L Receiver buffer (read), transmitter holding register (write)
0 L L H Interrupt enable
X L H L Interrupt identification (read only)
X L H H Line control
X H L L Modem control
X H L H Line status
X H H L Modem status
X H H H Scratch
1 L L L Divisor latch (LSB)
1 L L H Divisor latch (MSB)

1t The divisor latch access bit (DLAB) is the most significant bit of the line control register. The DLAB signal is controlled
by writing to this bit location (see Table 3).

Table 2. ACE Reset Functions

RESET
REGISTER/SIGNAL c OEITR oL RESET STATE
Interrupt enable register Master reset All bits low (0-3 forced and 4—-7 permanent)
Interrupt identification register Master reset gzr?n:n';igt?)’/ ::;t: Tand2 are low, and bits 3 -7 are
Line control register All bits low
Modem control register Master reset All bits low
Line status register Master reset Bits 5 and 6 are high, all other bits are low
Modem status register Master reset Bits 0—3 are low, bits 4—7 are input signals
SOuUT Master reset High
INTRPT (receiver error flag) Read LSR/MR Low
INTRPT (received data available) Read RBR/MR Low
. " . Read IIR/Write
INTRPT (transmitter holding register empty) THR/MR Low
INTRPT (modem status changes) Read MSR/MR Low
ouT2 Master reset High
RTS Master reset High
DTR Master reset High
OuUT1 Master reset High
Scratch register Master reset No effect
Divisor latch (LSB and MSB) register Master reset No effect
Receiver buffer register Master reset No effect
Transmitter holding register Master reset No effect
i
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PRINCIPLES OF OPERATION
accessible registers

The system programmer, using the CPU, has access to and control over any of the ACE registers that are
summarized in Table 3. These registers control ACE operations, receive data, and transmit data. Descriptions
of these registers follow Table 3.

Table 3. Summary of Accessible Registers

REGISTER ADDRESS
1
ODLAB=0 | ODLAB=0 | 1DLAB=0 2 3 4 5 6 7 ODLAB=1 | DLAB
o Recei T i I =
No. eceiver ransmitter nterrupt
Butfer Holding Interrupt Ident. Line Modem Line Modem Divisor
Bani Bant Control Scratch Latch
: e Register Register Register Control Status Status Register Latch (MSB)
(Read (Write ’ﬁgn (Read LOR Regist Regi Regi (LSB)
Only) Only) Only)
RBR THR IER IR LCR MCR LSR MSR SCR DLL DLM
Enable
. Word
Reg: ':’d ‘0" If Length Te?v?\‘i?lal Data g;‘:
0 Data Bit 0* Data Bit 0 N Interrupt Select Ready Bit0 Bit0 Bit8
Available Pendin Bit 0 Ready (OR) to Send
Interrupt 9 wiso) | ©™ (DCTS)
(ERBF)
Enable
Transmitter Word Delta
Holding Interrupt Length Request Overrun Data
1 Data Bit 1 Data Bit 1 Register 1D Select to Send Error Set Bit 1 Bit 1 Bit9
Empty Bit (0) Bit 1 (RTS) (OE) Ready
Interrupt (WLS1) (DDSR)
(ETBE)
Enable Trailin
Receiver Interrupt | Number of Parity Ed eRivg'n
2 Data Bit 2 Data Bit 2 Line Status ID Stop Bits Out 1 Error gening Bit2 Bit2 Bit 10
y Indicator
Interrupt Bit (1) (STB) (PE) (TERI)
(ELSI)
Enable Delta
Modem Parity Framing Data
3 Data Bit 3 Data Bit 3 Status 0 Enable Out2 Error Carrier Bit3 Bit3 Bit 11
Interrupt (PEN) (FE) Detect
(EDSSI) (DDCD)
s:reitr;l Break Clear
4 Data Bit 4 Data Bit 4 0 0 Loop Interrupt to Send Bit4 Bit4 Bit12
Select @) CT9)
(EPS)
Transmitter Data
. . , Stick Holding Set " . "
5 Data Bit 5 Data Bit 5 0 0 Parity 0 Register Ready Bit5 Bit5 Bit 13
(THRE) (DSR)
Set Transmitter Ring
6 Data Bit 6 Data Bit 6 0 0 Breeak 0 Empty Indicator Bit6 Bit6 Bit14
(TEMT) (RI)
Divisor
Dat:
Latch Ca?riaer
7 Data Bit 7 Data Bit 7 0 0 Access 0 N 0 Detect Bit7 Bit7 Bit15
-
(DLAB) ( )

*Bit 0 is the least significant bit. It is the first bit serially transmitted or received.
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PRINCIPLES OF OPERATION

interrupt enable register (IER)

The IER enables each of the four types of interrupts (refer to Table 4) and the INTRPT output signal in response
to an interrupt generation. By clearing bits 0 — 3, the IER can also disable the interrupt system. The contents
of this register are summarized in Table 3 and are described in the following bulleted list.

Bit 0: This bit, when set, enables the received data available interrupt.
Bit 1: This bit, when set, enables the THRE interrupt.

Bit 2: This bit, when set, enables the receiver line status interrupt.

Bit 3: This bit, when set, enables the modem status interrupt.

Bits 4 — 7: These bits in the IER are not used and are always cleared.

interrupt identification register (lIR)

The ACE has an on-chip interrupt generation and prioritization capability that permits a flexible interface with
most microprocessors.

The ACE provides four prioritized levels of interrupts:

Priority 1 — Receiver line status (highest priority)
Priority 2 — Receiver data ready or receiver character time out
Priority 3 —Transmitter holding register empty

Priority 4—Modem status (lowest priority)

When an interrupt is generated, the |IR indicates that an interrupt is pending and the type of interrupt in its three
least significant bits (bits 0, 1, and 2). The contents of this register are summarized in Table 3 and described
in Table 4.

Bit 0: This bit can be used either in a hardwire prioritized or polled interrupt system. When bit 0 is cleared,
an interrupt is pending. When bit 0 is set, no interrupt is pending.

Bits 1 and 2: These two bits identify the highest priority interrupt pending as indicated in Table 4.

Bits 3 —7: These bits in the IIR are not used and are always clear.
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PRINCIPLES OF OPERATION

interrupt identification register (lIR) (continued)

Table 4. Interrupt Control Functions

INTERRUPT
IDENTIFICATION PRIORITY INTERRUPT RESET
REGISTER LEVEL INTERRUPT TYPE INTERRUPT SOURCE METHOD
BIT 2 BIT 1 BIT O
0 0 1 None None None -
Overrun error, parity error, ‘ )
1 1 0 1 Receiver line status framing error or break Rez_adtmg the line status
interrupt register
) . . ) Reading the receiver buffer
1 0 0 2 Received data available Receiver data available .
Buffer register
Reading the interrupt
0 1 0 3 Transmitter holding register | Transmitter holding register |dent|f|cat|f> n register (if .
empty empty source of interrupt) or writing
into the transmitter holding
register
Clear to send, data set .
' hi
0 0 0 4 Modem status ready, ring indicator, or data :’;e?:‘:gt ® modem status
carrier detect 9

line control register (LCR)

The system programmer controls the format of the asynchronous data communication exchange through the
LCR. In addition, the programmer is able to retrieve, inspect, and modify the contents of the LCR; this eliminates
the need for separate storage of the line characteristics in system memory. The contents of this register are
summarized in Table 3 and are described in the following bulleted list.

® Bits 0 and 1: These two bits specify the number of bits in each transmitted or received serial character.
These bits are encoded as shown in Table 5.

Table 5. Serial Character Word Length

Bit1 Bit0 Word Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

® Bit2: This bit specifies either one, one and one-half, or two stop bits in each transmitted character. When
bit 2 is cleared, one stop bit is generated in the data. When bit 2 is set, the number of stop bits generated
is dependent on the word length selected with bits 0 and 1. The receiver checks the first stop bit only,
regardless of the number of stop bits selected. The number of stop bits generated, in relation to word length

and bit 2, is shown in Table

6.
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line control register (LCR) (continued)

Table 6. Number of Stop Bits Generated

Bit2 Word Length Selected Nl._lmber of Stop
by Bits 1 and 2 Bits Generated
0 Any word length 1
1 5 bits 11/2
1 6 bits 2
1 7 bits 2
1 8 bits 2

Bit 3: This bit is the parity enable bit. When bit 3 is set, a parity bit is generated in transmitted data between
the last data word bit and the first stop bit. In received data, if bit 3 is set, parity is checked. When bit 3 is
cleared, no parity is generated or checked.

Bit 4: This bit is the even parity select bit. When parity is enabled (bit 3 is set) and bit 4 is set, even parity
(an even number of logic 1s is in the data and parity bits) is selected. When parity is enabled (bit 3 is set)
and bit 4 is clear, odd parity (an odd number of logic 1s) is selected.

Bit 5: This is the stick parity bit. When bits 3, 4, and 5 are set, the parity bit is transmitted and checked as
cleared. When bits 3 and 5 are set and bit 4 is cleared, the parity bit is transmitted and checked as set.

Bit 6: This bit is the break control bit. Bit 6 is set to force a break condition, i.e, a condition where the serial
output terminal (SOUT) is forced to the spacing (cleared) state. When bit 6 is cleared, the break condition
is disabled. The break condition has no affect on the transmitter logic, it only affects the serial output.

Bit 7: This bit is the divisor latch access bit (DLAB). Bit 7 must be set to access the divisor latches of the
baud generator during a read or write. Bit 7 must be cleared during a read or write to access the receiver
buffer, the THR, or the IER.

line status register (LSR)t

The LSR provides information to the CPU concerning the status of data transfers. The contents of this register
are summarized in Table 3 and are described in the following bulieted list.

Bit 0: This bit is the data ready (DR) indicator for the receiver. Bit 0 is set whenever a complete incoming
character has been received and transferred into the RBR and is cleared by reading the RBR.

Bit 1$: This bit is the overrun error (OE) indicator. When bit 1 is set, it indicates that before the character
inthe RBR was read, it was overwritten by the next character transferred into the register. The OE indicator
is cleared every time the CPU reads the contents of the LSR.

Bit 2%: This bit is the parity error (PE) indicator. When bit 2 is set, it indicates that the parity of the received
data character does not match the parity selected in the LCR (bit 4). The PE bit is cleared every time the
CPU reads the contents of the LSR.

Bit 3t: This bit is the framing error (FE) indicator. When bit 3 is set, it indicates that the received character
does not have a valid (set) stop bit. The FE bit is cleared every time the CPU reads the contents of the LSR.

Bit4+: This bit is the break interrupt (Bl) indicator. When bit 4 is set, it indicates that the received data input
was held clear for longer than a full-word transmission time. A full-word transmission time is defined as the
total time of the start, data, parity, and stop bits. The Bl bit is cleared every time the CPU reads the contents
of the LSR.

T The line status register is intended for read operations only; writing to this register is not recommended outside of a factory testing environment.
¥ Bits 1 through 4 are the error conditions that produce a receiver line-status interrupt.

“? Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-27



TL16C450 ,
ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS037B — MARCH 1988 — REVISED MARCH 1996

PRINCIPLES OF OPERATION '

line status register (LSR)T (continued)

Bit 5: This bit is the THRE indicator. Bit 5 is set when the THR is empty, indicating that the ACE is ready
to accept a new character. If the THRE interrupt is enabled when the THRE bit is set, then an interrupt is
generated. THRE is set when the contents of the THR are transferred to the transmitted shift register. This
bit is cleared concurrent with the loading of the THR by the CPU.

Bit6: This bit is the transmitter empty (TEMT) indicator. Bit 6 is set when the THR and the transmitter shift
register are both empty. When either the THR or the transmitter shuﬂ register contains a data character, the
TEMT bit is cleared.

Bit 7: This bit is always clear.

modem control register (MCR)

The MCR is an 8-bit register that controls an interface with a modem, data set, or peripheral device that is
emulating a modem. The contents of this register are summarized in Table 3 and are described in the following

bulleted list.

® Bit0: This bit (DTR) controls the data terminal ready (DTR) output. Setting bit 0 forces the DTR output to
its active state (low). When bit 0 is clear, DTR goes high.

® Bit 1: This bit (RTS) controls the request to send (RTS) output in a manner identical to bit 0’s control over
the DTR output.

® Bit2: This bit (OUT1) controls the output 1 (OUT1) signal, a user designated output signal, in a manner
identical to bit 0’s control over the DTR output.

® Bit 3: This bit (OUT2) controls the output 2 (OUT?2) signal, a user desngnated output signal, in a manner
identical to bit 0's control over the DTR output.

® Bit 4: This bit provides a local loopback feature for diagnostic testing of the ACE. When bit 4 is set, the
following occurs:
1. The SOUT is asserted high.
2. The SIN is disconnected.
3. The output of the transmitter shift register is looped back into the RSR input.
4. The four modem control inputs (CTS, DSR, DCD, and Rl) are disconnected.
5. The four modem control outputs (DTR, RTS, OUT1, and OUT2) are internally connected to the four

modem control inputs.

6. The four modem control output terminals are forced to their inactive states (high).
In the diagnostic mode, data that is transmitted is immediately received. This allows the processor to verify
the transmit and receive data paths to the ACE. The receiver and transmitter interrupts are fully operational.
The modem:control interrupts are also operational but the modem control interrupt sources are now the
lower four bits of the MCR instead of the four modem control mputs All interrupts are still controlled by the
IER.

)

Bits 5 through 7: These bits are clear.

T The line status register is intended for read operations only; writing to this register is not recommended outside of a factory testing environment.
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modem status register (MSR)

The MSR is an 8-bit register that provides information about the current state of the control lines from the
modem, data set, or peripheral device to the CPU. Additionally, four bits of this register provides change
information; when a control input from the modem changes state the appropriate bit is set. All four bits are
cleared when the CPU reads the MSR. The contents of this register are summarized in Table 3 and are
described in the following bulleted list.

@ Bit 0: This bit is the delta clear to send (DCTS) indicator. Bit 0 indicates that the CTS input has changed
states since the last time it was read by the CPU. When this bit is set and the modem status interrupt is
enabled, a modem status interrupt is generated.

® Bit 1: This bit is the delta data set ready (DDSR) indicator. Bit 1 indicates that the DSR input has changed
states since the last time it was read by the CPU. When this bit is set and the modem status interrupt is
enabled, a modem status interrupt is generated.

® Bit2: This bitis the trailing edge of ring indicator (TERI) detector. Bit 2 indicates that the Ri input to the chip
has changed from a low to a high state. When this bit is set and the modem status interrupt is enabled, a
modem status interrupt is generated.

® Bit3: This bitis the delta data carrier detect (DDCD) indicator. Bit 3 indicates that the DCD input to the chip
has changed state since the last time it was read by the CPU. When this bit is set and the modem status
interrupt is enabled, a modem status interrupt is generated.

® Bit4: This bitis the comptement of the clear to send (CTS) input. When bit 4 (loop) of the MCR is set this
bit is equivalent to the MCR bit 1 (RTS).

® Bit5: This bitis the complement of the data set ready (DSR) input. When bit 4 (loop) of the MCR is set,
this bit is equivalent to the MCR bit 0 (DTR).

® Bit6: This bit is the complement of the ring indicator (RI) input. When bit 4 (loop) of the MCR is set, this
bit is equivalent to the MCRs bit 2 (OUT1).

® Bit7: This bitis the complement of the data carrier detect (DCD) input. When bit 4 (loop) of the MCR is set,
this bit is equivalent to the MCRs bit 3 (OUT2).

programmable baud generator

The ACE contains a programmable baud generator that takes a clock input in the range between dc and 9 MHz
and divides it by a divisor in the range between 1 and (216 ~1). The output frequency of the baud generator is
sixteen times (16x) the baud rate. The formula for the divisor is:

divisor # = XTAL1 frequency input + (desired baud rate x 16)

Two 8-bit registers, called divisor latches, store the divisor in a 16-bit binary format. These divisor latches must
be loaded during initialization of the ACE in order to ensure desired operation of the baud generator. When either
of the divisor latches is loaded, a 16-bit baud counter is also loaded to prevent long counts on initial load.

Tables 7 and 8 illustrate the use of the baud generator with crystal frequencies of 1.8432 MHz and 3.072 MHz,
respectively. For baud rates of 38.4 kilobits per second and below, the error obtained is very small. The accuracy
of the selected baud rate is dependent on the selected crystal frequency.

Refer to Figure 10 for examples of typical clock circuits.
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Table 7. Baud Rates Using a 1.8432-MHz Crystal

DESIRED DIVISOR USED PERCENT ERROR
BAUD RATE TO GENERATE DIFFERENCE BETWEEN
16x CLOCK DESIRED AND ACTUAL
50 2304
75 1536
110 1047 0.026
134.5 857 0.058
150 768
300 384
600 192
1200 96
1800 64
2000 58 0.69
2400 48
3600 32
4800 24
7200 16
9600 12
19200 6
38400 3
56000 2 286

Table 8. Baud Rates Using a 3.072-MHz Crystal

DESIRED DIVISOR USED PERCENT ERROR
BAUD RATE TO GENERATE DIFFERENCE BETWEEN
16x CLOCK DESIRED AND ACTUAL
50 3840
75 2560
110 1745 0.026
1345 1428 0.034
150 1280
300 640
600 320
1200 160
1800 107 0.312
2000 96
2400 80
3600 53 0.628
4800 40
7200 27 1.23
9600 20
19200 10
38400 5
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Driver

Vce

"

External
Clock
XTAL1

Optional

" Optional

=

Oscillator Clock
5 toBaud

Clock —Oq
Output

¥ Generator
Logic

XTAL2
. XTAL1
l c1
= Crystal
—

Oscillator Clock

» to Baud

XTAL2

Generator
Logic

TYPICAL CRYSTAL OSCILLATOR NETWORK

CRYSTAL Rp RX2 3] c2
3.1 MHz 1MQ 1.5 kQ 10—30 pF 40-60 pF
1.8 MHz 1MQ 1.5 kQ 10-30 pF 40—60 pF

Figure 10. Typical Clock Circuits
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receiver buffer register (RBR)

The ACE receiver section consists of a receiver shift register and a RBR. Timing is supplied by the 16 x receiver
clock (RCLK). Receiver section control is a function of the ACE line control register.

The ACE receiver shift register receives serial data from the serial input (SIN) terminal. The receiver shift
register then converts the data to a parallel form and loads it into the RBR. When a character is placed in the
RBR and the received data available interrupt is enabled, an interrupt is generated. This interrupt is cleared
when the data is read out of the RBR.

scratch register

The sératch register is an 8-bit register that is intended for programmer use as a scratchpad, in the sense that
it temporarily holds programmer data without affecting any other ACE operation.

transmitter holding register (THR)

The ACE transmitter section consists of a THR and a transmitter shift register. Timing is supplied by the baud
out (BAUDOUT) clock signal. Transmitter section control is a function of the ACE line control register.

The ACE THR receives data from the internal data bus and, when the shift register is idle, moves it into the
transmitter shift register. The transmitter shift register serializes the data and outputs it at the serial output
(SOUT). Ifthe THR is empty and the transmitter holding register empty (THRE) interrupt is enabled, an interrupt
is generated. This interrupt is cleared when a character is loaded into the register.
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® Integrates Most Communications Card ® Fully Programmable Serial Interface
Functions From the IBM PC/AT™ or Characteristics:
Compatibles With Single- or Dual-Channel - 5-, 6-, 7-, or 8-Bit Characters
Serial Ports — Even-, Odd-, or No-Parity Bit Generation
® TL16C451 Consists of One TL16C450 Plus and Detection

Centronix Printer Interface

® TL16C452 Consists of Two TL16C450s Plus
a Centronix-Type Printer Interface

- 1-, 1 1/2-, or 2 Stop-Bit Generation
— Programmable Baud Rate
(dc to 256 kbit/s)

® Fully Double Buffered for Reliable
‘Asynchronous Operation

description

The TL16C451 and TL16C452 provide single- and dual-channel (respectively) serial interfaces along with a
single Centronix-type parallel-portinterface. The serial interfaces provide a serial-to-parallel conversion for data
received from a peripheral device or modem and a parallel-to-serial conversion for data transmitted by a CPU.
The parallel interface provides a bidirectional parallel data port that fully conforms to the requirements for a
Centronix-type printer interface. A CPU can read the status of the asynchronous communications element
(ACE) interfaces at any point in the operation. The status includes the state of the modem signals (CTS, DSR,
RLSD, and RI) and any changes to these signals that have occurred since the last time they were read, the state
of the transmitter and receiver including errors detected on received data, and printer status. The TL16C451
and TL16C452 provide control for modem signals (RTS and DTR), interrupt enables, baud rate programming,

and parallel-port control signals.

IBM PC/AT is a trademark of International Business Machines Corporation.

PRODUCTION DATA information is current as of publication date.
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TL16C451 functional block diagram
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Terminal Functions
TERMINAL [/[e} DESCRIPTION
NAMET NO.

A0 35 | Register select. A0, A1, and A2 are used during read and write operations to select the register to read

Al 34 from or write to. Refer to Table 1 for register addresses, also refer to the chip select signals (CS0, CS1,

A2 33 CS2).

ACK 68 | Printer acknowledge. ACK goes low to indicate that a successful data transfer has taken place. It
generates a printer port interrupt during its positive transition.

AFD 56 /O | Printer autofeed. AFD is an open-drain line that provides the printer with a low signal when
continuous-form paper is to be autofed to the printer. An internal pullup is provided.

BDO 44 O | Bus buffer output. BDO is active (high) when the CPU is reading data. When active, this output can
disable an external transceiver.

BUSY 66 | Printer busy. BUSY is an input line from the printer that goes high when the printer is not ready to accept
data.

CLK [Vcel 4 /0 | External clock. CLK connects the ACE to the main timing reference.

CSo 32 1 Chip selects. Each chip select enables read and write operations to its respective channel. CS0 and

CS1[CLK] 3 CS1 select serial channels 0 and 1, respectively, and CS2 selects the parallel port.

Ccs2 38

CTSO 28 | Clear to send. CTSx is an active-low modem status signal. its state can be checked by reading bit 4

CTS1 [GND] 13 (CTS) of the modem status register. Bit 0 (DCTS) of the modem status register indicates that this signal
has changed states since the last read from the modem status register. If the modem status interrupt
is enabled when CTSx changes state, an interrupt is generated.

DBO - DB7 14-21 /O | Data bus. Eight 3-state data lines provide a bidirectional path for data, control, and status information
between the TL16C451/TL16C452 and the CPU. DBO is the least significant bit (LSB).

DSRO 31 | Data set ready. DSRx is an active-low modem status signal. Its state can be checked by reading

DSR1 [GND] 5 bit 5 (DSR) of the modem status register. Bit 1 (DDSR) of the modem status register indicates that this
signal has changed states since the last read from the modem status register. If the modem status
interrupt is enabled when the DSRx changes state, an interrupt is generated.

DTRO 25 o Data terminal ready. DTRx, when active (low), informs a modem or data set that the ACE is ready to

DTR1 [NC] 1 establish communication. DTRXx s placed in the active state by setting the DTR bit of the modem control
register. DTRx is placed in the inactive state either as a result of a reset or during loop mode operation
or clearing bit 0 (DTR) of the modem control register.

ERROR 63 1 Printer error. ERROR is an input line from the printer. The printer reports an error by holding this line
low during the error condition.

INIT 57 /O | Printer initialize. INIT is an open-drain line that provides the printer with a signal that allows the printer
initialization routine to be started. An internal pullup is provided.

INTO 45 o Interrupt. INTx is an active-high 3-state output that is enabled by bit 3 of the MCR. When active, INTx

INT1 [NC] 60 informs the CPU that the ACE has an interrupt to be serviced. Four conditions that cause an interrupt
to be issued are: a receiver error, received data is available, the transmitter holding register is empty,
and an enabled modem status interrupt. The INTx output is reset (low) either when the interrupt is
serviced or as a result of a reset.

INT2 59 (o] Printer port interrupt. INT2 is an active-high 3-state output generated by the positive transition of ACK.
It is enabled by bit 4 of the write control register.

IOR 37 | Data read strobe. When IOR input is active (low) while the ACE is selected, the CPU is allowed to read
status information or data from a selected ACE register.

Iow 36 | Data write strobe. When IOW input is active (low) while the ACE is selected, the CPU is allowed to write
control words or data into a selected ACE register.

LPTOE 1 I | Parallel data output enable. When low, LPTOE enables the write data register to the PDO—PD7 lines.
A high puts the PDO—PD?7 lines in the high-impedance state allowing them to be used as inputs. LPTOE
is usually tied low for printer operation.

T Names shown in brackets are for the TL16C451.
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Terminal Functions (continued)

TERMINAL [/[o} DESCRIPTION
NAMET NO.

PDO-PD7 53-46 /O | Parallel data bits (0—7). These eight lines provide a byte-wide input or output port to the system. The
eight lines are held in a high-impedance state when LPTOE is high.

PE 67 | Printer paper empty. This is an input line from the printer that goes high when the printer runs out of
paper.

RESET 39 | Reset. When active (low), RESET clears most ACE registers and sets the state of various output
signals. Refer to Table 2.

@ 30 | Ring indicator. Rix is an active-low modem status signal. Its state can be checked by reading bit 6 (RI)

RI1 [GND] 6 of the modem status register. Bit 2 (TERI) of the modem status register indicates that the RIx input has
transitioned from a low to a high state since the last read from the modem status register. If the modem
status interrupt is enabled when this transition occurs, an interrupt is generated.

RLSDO 29 ! Receive line signal detect. RLSDx is an active-low modem status signal. Its state can be checked by

RLSD1 [GND] 8 reading bit 7 of the modem status register. Bit 3 (DRLSD) of the modem status register indicates that
this signal has changed states since the last read from the modem status register. If the modem status
interrupt is enabled when RLSDx changes state, an interrupt is generated. This bit is low when a data
carrier is detected.

RTSO 24 ¢} Request to send. When active (low), RTSx informs the modem or data set that the ACE is ready to

RTS1 [NC] 12 transmit data. RTSx is set to its active state by setting the RTS modem control register bit and is set
to its inactive (high) state either as a result of a reset or during loop mode operations or by clearing bit
1 (RTS) of the modem control register.

SINO 41 | Serial input. SINX is a serial data input from a connected communications device.

SIN1 [GND] 62

SLCT 65 | Printer selected. SLCTis aninputline from the printer that goes high when the printer has been selected.

SLIN 58 /O | Printer select. SLIN is an open-drain line that selects the printer when itis active (low). An internal pullup
is provided on this line.

SOUTO 26 | Serial output. SOUTx is a composite serial data output to a connected communication device. SOUTx

SOUT1 [NC] 10 is set during a reset.

STB 55 /O | Printer strobe. STB is an open-drain line that provides communication synchronization between the
TL16C451/TL16C452 and the printer. When itis active (low), it provides the printer with a signal to latch
the data currently on the parallel port. An internal pullup is provided on this line.

Vce 23,40, 5-V supply voltage

64 )
GND 2,79 Supply common
22,27,42,
43,54,61

T Names shown in brackets are for the TL16C451.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (seeNote 1) ... ... i
Input voltage range atany input, V| ... ... ... i
Outputvoltage range, Vo .. ..ot e
Continuous total power dissipation ........... ...ttt e
Operating free-air temperature range, TA . ... oovi it e
Storage temperature range, Tgg - -« -+« v rvenreerteen e
Case temperature for 10 SeCONAS, TG+ .« v ttutittitti it it

-05Vto7V
-05Vto7V
-05Vto7V
1100 mW

0°Cto 70°C

—65°C to 150°C
260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Voo 4.75 5 525 \
High-level Input voltage, V|H 2 Vece \
Low-level Input voltage, V)i -0.5 0.8 \
Operating free-air temperature, Ta 0 70 °C
electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
IoH =-0.4 mA on DB0O-DB7
. IoH =—2 mA to 4 mA on PDO-PD7
VOH High-level output voltage — — 24 \'
. loH=-0.2mAon INIT, AFD, STB, and SLIN
IoH =—0.2 mA on all other outputs
loL =4 mA on DBO-DB7
loL = 12 mA on PD0-PD7
VoL Low-level output voltage loL =10 mA on INIT, 0.4 \"
AFD, STB, and SLIN (see Note 2)
oL =2 mA on all other outputs
Vecc=5.25V, Vgs =0,
I|kg Input leakage current Vi=0t0525V, All other terminals float- +10 uA
ing
Vece=5.25V, Vgs =0,
loz High-impedance output current Vpo=0t05.25V, +20 HA
Chip selected and in write mode, or chip deselected
Vcc =525V, Vgs =0,
I Supply current SIN, DSR, RLSD, CTS, and Rl at2V, 10l mA
cC Upply cu All other inputs at 0.8V,  XTAL1 at 4 MHz,
No load on outputs, . Baud rate = 50 kbit/s
CxTAL1 Clock input capacitance 15 20 pF
- Vee =0 Vgg =0
C Clock t ta cc=0 ss=5 2 30 F
XTAL2 ocl outpul capacitance £=1 MHz, Ta 2 25°C, 0 p!
Ci Input capacitance All others terminals grounded 6 10] pF
Co Output capacitance 10 20 pF

T Al typical values are at Vo =5 V, Tp = 25°C.

NOTE 2: INIT, AFD, STB, and SLIN are open-collector output terminals that each have an internal pullup to Vcc. This generates a maximum of
2 mA of internal Ig|_ per terminal. In addition to this internal current, each terminal sinks at least 10 mA while maintaining the VoL

specification of 0.4 V maximum.
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system timing requirements over recommended ranges of supply voltage and operating free-air
temperature

PARAMETER FIGURE MIN MAX | UNIT
tcR Cycle time, read (ty7 + tgg + tq) 175 ns
tow Cycle time, write (twg + tg5 + td6) 175 ns
twi Puise duration, clock T 1 50 ns
tw2 Pulse duration, clock | 1 50 ns
tws Pulse duration, write strobe (IOW) T 2 80 ns
twe Pulse duration, read strobe (IOR) { 3 80 ns
twRST  Pulse duration, reset . 1000 ns
tsu1 Setup time, address (A0 — A2) valid before IOW | 2,3 15 ns
tsu2 Setup time, chip select (CSx) valid before TOW | 2,3 15 ns
tsu3 Setup time, data (DO — D7) valid before IOW T 2 15 ns
th1 Hold time, address (A0 — A2) valid after [OW T 2,3 20 ns
tho Hold time, chip select (CSx) valid after [OW T 2,3 20 ns
tha Hold time, data (DO — D7) valid before IOW T 2 15 ns
t43 Delay time, write cycle (IOW) T to IOW | 2 80 ns
tda Delay time, read cycle (IOR) T to IOR 3 80 ns

system switching characteristics over recommended ranges of supply voltage and operating
free-air temperature

PARAMETER . FIGURE TEST CONDITIONS MIN MAX | UNIT
td5 Delay time, data (DO — D7) valid before read (IOR) T 3 Cp =100 pF 60 ns
46 Delay time, floating data (D0 — D7) valid after read (IOR) T '3 Cp =100 pF 0 60 ns
tgis(R)  Read to driver disable, TOR | to BDO | ) 3 CL=100pF 60| ns

receiver switching characteristics over recommended ranges of supply voltage and operating
free-air temperature

PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
tq7 Delay time, RCLK T to sample clock T 4 100| ns
. . RCLK
tds Delay time, stop (sample clock) T to set interrupt (INTRPT) T 4 1 1 cycles
tgo Delay time, read RBR/LSR (IOR) 7 to reset interrupt (INTRPT) { 4 CL=100pF 140| ns

transmitter switching characteristics over recommended ranges of supply voitage and operating
free-air temperature

PARAMETER FIGURE | TESTCONDITIONS | MIN MAX | UNIT
410  Delay time, initial write THR (fOW) T to transmit start {SOUT) { 5 8 24 b:;’g::‘
411 Delay time, stop (SOUT) low to interrupt (INTRPT) T 5 8 8 b:ﬁ::‘
tq12  Delay time, write THR (IOW) { to reset interrupt (INTRPT) low 5 CL =100 pF 140 ns
413 Delay time, initial write (JOW) T to THRE interrupt (INTRPT) T 5 16 32 b:;‘fg:t
a1 :z::ay time, read IIR (IOR) T to reset THRE interrupt (INTRPT) 5 CL = 100 pF 140 ns

‘b TEXAS
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modem control switching characteristics over recommended ranges of supply voltage and

operating free-air temperature

PARAMETER FIGURE TEST CONDITIONS MIN MAX | UNIT
tq15  Delay time, write MCR (IOW) T to output (RTS, DTS) {T 6 CL =100 pF 100| ns
Delay time, modem input (CTS, DSR, RLSD) 7 to _
td16 set interrupt (INTRPT) high 6 CL=100pF 170 ns
tq17  Delay time, read MSR (IOR) T to reset interrupt (INTRPT) low 6 CL = 100 pF 140| ns

parallel port switching characteristics over recommended ranges of supply voltage and operating

free-air temperature
PARAMETER FIGURE TEST CONDITIONS MIN  MAX | UNIT
Delay time, write parallel port control (SLIN, AFD, STB, INIT) 4T _
td18 to output (IOW) high 7 CL =100 pF 60 ns
Delay time, write parallel port data (PO — P7) {T to _
td19 output (1IOW) high 7 Cu=100pF 60 ns
tgop  Delay time, output enable to data, PDO — PD7 valid after LPTOE 7 CL =100 pF 60 ns
tg21  Delay time, ACK LT to INT2 1T 7 CL =100 pF 100| ns
PARAMETER MEASUREMENT INFORMATION
:‘—”— twi
|
CLK 2V
(9 MHz Max) 0.8V
[ tu2
¢ N —»
BAUDOUT
(1/1;
(see Note A
BAUDOUT
@172) ‘
BAUDOUT
(113)
BAUDOUT |
(1/N)
(N>3) —
2 Clock
- Cycles _’: :
I‘——_ N-2) Clock __,!
¢ C))cles
NOTE A: BAUDOUT is an internally generated signal used in the receiver and transmitter circuits to synchronize data.
Figure 1. Baud Generator Timing Waveforms
3 1,
EXAS
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PARAMETER MEASUREMENT INFORMATION

>q 90% Vali > <
A0-A2 10% alid 10%

Valid

g
[72]
-1
]
(7]
-
g
(2]
N
- ol
o o
SRS
-
=]
R®

|
iow | | 90%
10% 10%

|
e tsu3 —pre— th3—>:
I
|
90% )fIL 90%
D0-D7 \ Valid Data /

Figure 2. Write Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

90%
A0 - A2 ><:4 10% Valid 10% X
|

I 90%
, )
S0, CS1, CS2 w0 Valid 10% ><
! |
: | thy —e—», I
[ - twe )
| tsu2 b l— th ¥
[—tgy1 —} “—l tda —HI
iGR |
IoR | | 90%
10% 10%

tdis(R) —q' — r—':— tdis(R)

|
|
|
BDO | 10% I l 10%

e

90% 90%
DO - D7 Valid Data

Figure 3. Read Cycle Timing Waveforms

RCLK
(internal signal only |_| I—I |_I
same as BAUDOUT)
le 8 CLKs > [ tar

Sample Clock
(internal signal only)

SIN _\Start / Data Bits 5-8 X Parity / Stop \_/_

R
Clock | :

tdg ¥

INTRPT 90%

(RDR/LSI) 10%
tds—r_"!

IOR |
(RD RBR/LSR) 10%

Figure 4. Receiver Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

souT 10% 51 Start / Data Bits 5-8 X Parity / Stop m%\l\StLrt/———
— |

|
td1o—J| f— ta11 H

I 90% 90%
I(';IIF::E-I)- 0N I 50% ﬁ%\\_
3
|

|

| ﬂ_’l_t
tg12 »l I a3 —DI h—td12 !
|

|
_ | |
IOW (WR THR) w
10% 10% 10% ta1a le
|
|
_ |
iOR (RD IIR) \_a/1;:

Figure 5. Transmitter Timing Waveforms

TOW (WR MCR) _\—/I‘eo% \_/IW
|

[—>—td15 —|<—D|
| td1s |
o 90% 90%
RTS, DTR
CTS, DSR, RLSD >< 10%
|
td16 —14¢>
90%
INTRPT 2‘ 50%\ |Z 50%
(MODEM) | :
tg17 —le—>»)

:
l :
|

—» le—tq16

iOR (RD MSR) |
\ H10%
|
Ri \ 50% ;k

Figure 6. Modem Control Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

— wso%
I

td1s —H———-—’:

|

|

SLIN, AFD, | 90% !
STB, INIT 10% |

1

90%
ACK \ 10% /|

|
td21 ~1'4—b| N———’:—— td21

90% |
INT2 \ 10% /

Figure 7. Parallel Port Timing Waveforms

Q‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-45



TL16C451, TL16C452
ASYNCHRONOUS COMMUNICATIONS ELEMENTS

SLLS053B — MAY 1989 — REVISED MARCH 1996

APPLICATION INFORMATION

\/

Data Bus < > Serial
ACE and Channel 0
Printer Buffers
Address Bus > Port
Control Bus S
Parallel
v Port
Option R/C Net
Jumpers

Figure 8. Basic TL16C451 Test Configuration

Data Bus < > Dual Serial
ACE and Channel 0

Printer Buffers

Port

Address Bus

Serial
Channel 1
Buffers

\/

Control Bus >

v Parallel
Port
R/C Net

Option

N\ /

Jumpers

Figure 9. Basic TL16C452 Test Configuration -

9-Pin

Conn

25-Pin
D

Conn

9-Pin

Conn

9-Pin

Conn

25-Pin
D

Conn
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PRINCIPLES OF OPERATION

Table 1. Register Selection

pLABt A2 A1 A0 REGISTER
0 L L L Receiver buffer (read), transmitter holding register (write)
0 L L H Interrupt enable register
X L H L Interrupt identification register (read only)
X L H H Line control register
X H L L Modem control register
X H L H Line status register
X H H L Modem status register
X H H H Scratch register
1 L L L Divisor latch (LSB)
1 L L H Divisor latch (MSB)

T The divisor latch access bit (DLAB) is the most significant bit of the line control register. The DLAB
signal is controlled by writing to this bit location (see Table 3).

Table 2. ACE Reset Functions

REGISTER/SIGNAL comantL RESET STATE

Interrupt enable register RESET Al bits cleared (0~ 3 forced and 4—7 permanent)
Interrupt identification register RESET Ei;%iesr;?hggﬁ;c?ggrgdare cleared, and bits 37
Line control register RESET Al bits cleared
Modem control register RESET Al bits cleared
Line status register RESET Bits 5 and 6 are set, all other bits are cleared
Modem status register RESET Bits 0—3 are cleared, bits 4—7 are input signals
SouT RESET High
INTRPT (receiver error flag) Read LSR/RESET | Low
INTRPT (received data available) Read RBR/RESET | Low
INTRPT (transmitter holding register empty) Ffl?: g/g:é/\évge Low
INTRPT (modem status changes) Read MSR/RESET | Low
OUT2 (interrupt enable) RESET High
RTS RESET High
DTR RESET High
ouT1 RESET High
Scratch register RESET No effect
Divisor latch (LSB and MSB) registers RESET No effect
Receiver buffer registers RESET No effect
Transmitter holding registers RESET No effect

""}‘ TEXAS
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PRINCIPLES OF OPERATION

accessible registers

The system programmer, using the CPU, has access to and control over any of the ACE registers that are
summarized in Table 3. These registers control ACE operations, receive data, and transmit data. Descriptions
of these registers are given in Table 3.

Table 3. Summary of Accessible Registers

REGISTER ADDRESS
ODLAB=0 | ODLAB=0 | 1DLAB=0 2 3 4 5 6 7 ODLAB=1 | 1DLAB=0
Bit Receiver | Transmitter Interrupt
No. Buffer Holding Interrupt Ident. Line Modem Line Modem Divisor
Regi Regi Regi Control | Control | Status Status :::;f:r Latch (I.‘:;cah)
(Read (Write Register (Read Regi! Regi: Regi Regi: (LsB)
Only) Only) Only)
RBR THR IER R LCR MCR LSR MSR SCR DLL DLM
Enable
. Word
oo I IR Rcartl R ot
0 DataBitoT | DataBit0 ¢ Interrupt |  Select Ready Bit0 Bit0 Bit8
Available Pendin Bit0 Ready (©R) to Send
Interrupt 9 wiso) | ©™ (DCTS)
(ERBF)
Enable
Transmitter Word Delta
Holding Interrupt Length Request | Overrun Data
1 Data Bit 1 Data Bit 1 Register ID Select to Send Error Set Bit1 Bit 1 Bit9
Empty Bit (0) Bit1 (RTS) (OE) Ready
Interrupt (WLS1) (DDSR)
(ETBE)
RE“al."e . Trailing
eceiver Interrupt | Number of Parity Edge Rin
2 Data Bit 2 Data Bit 2 Line Status D Stop Bits Out 1 Error Ingicato? Bit2 Bit2 Bit 10
Interrupt Bit (1) (STB) (PE) (TER)) - )
(ELSI)
Enable RDeIt.a
Modem Parity out2 | Framing T_‘i’:;"e
3 Data Bit 3 Data Bit 3 Status 0 Enable | (Interrupt Error Signal Bit3 Bit3 Bit 11
Interrupt (PEN) Enable) (FE) Dlegte(a:t
(EDSSI) (DRLSD)
- s | O
4 Data Bit 4 Data Bit 4 0 0 Loop Interrupt Bit4 Bit4 Bit 12
Select @) Send
(EPS) (CTS)
Transmit-
‘ Stick ter Py
5 Data Bit5 DataBit5 0 0 Pari 0 Holding Bit5 Bit5 Bit13
arity N Ready
Register (DSR)
(THRE)
Transmit- Ring
. ' Set ter N ' ' "
6 Data Bit 6 Data Bit 6 0 0 Break 0 Empty Inc:n;[a)tor Bit6 Bité Bit 14
(TEMT)
Divisor Receive
Latch Line
7 Data Bit 7 Data Bit 7 0 0 Access 0 0 Signal Bit7 Bit7 Bit 15
Bit Detect
(DLAB) (RLSD)
1 Bit 0 is the least significant bit. It is the first bit serially transmitted or received.
o
l 2 TExAs
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PRINCIPLES OF OPERATION

interrupt control logic

The interrupt control logic is shown in Figure 10.

DR (LSR Bit 0)
ERBFI (IER Bit 0)

THRE (LSR bit 5)
ETBEI (IER Bit 1)

OE (LSR bit 1) Interrupt

Output

PE (LSR Bit 2)

FE (LSR bit 3)

BI (LSR Bit 4)

ELSI (IER Bit 1)
DCTS (MSR Bit 0)

DDSR (MSR Bit 1) ——‘@_

TERI (MSR Bit 2)

DRLSD (MSR Bit 3)
EDSSI (IER Bit 3)
INTERRUPT ENABLE (MCR Bit 3)

Figure 10. interrupt Control Logic

interrupt enable register (IER)

The IER enables each of the four types of interrupts (refer to Table 4) and the INTRPT output signal in response
to an interrupt generation. The IER can also disable the interrupt system by clearing bits 0 through 3. The
contents of this register are summarized in Table 3 and are described in the following bulleted list.

® Bit 0: This bit, when set, enables the received data available interrupt.
Bit 1: This bit, when set, enables the THRE interrupt.
Bit 2: This bit, when set, enables the receiver line status interrupt.

Bit 3: This bit, when set, enables the modem status interrupt.

Bits 4 thru 7: These bits in the IER are not used and are always cleared.

Q’ TeEXAS
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PRINCIPLES OF OPERATION

interrupt identification register (lIR)

The ACE has an on-chip interrupt generation and prioritization capability that permits a flexible interface with

most microprocessors.

The ACE provides four prioritized levels of interrupts:

Priority 1 —Receiver line status (highest priority)

Priority 2 — Receiver data ready or receiver character time out

Priority 3 —Transmitter holding register empty

Priority 4—Modem status (lowest priority)

When an interrupt is generated, the IIR indicates that an interrupt is pending and indicates the type of interrupt
in its three least significant bits (bits 0, 1, and 2). The contents of this register are summarized in Table 3 and

described in Table 4.

® Bit0: This bit can be used eitherin a hardwire prioritized or polled interrupt system. When this bit is cleared,
an interrupt is pending. When bit 0 is set, no interrupt is pending.

® Bits 1 and 2: These two bits identify the highest priority interrupt pending as indicated in Table 4.

® Bits 3 -7: These bits in the interrupt identification register are not used and are always clear.

Table 4. Interrupt Control Functions

INTERRUPT
IDENTIFICATION PRIORITY INTERRUPT RESET
REGISTER LEVEL INTERRUPT TYPE INTERRUPT SOURCE METHOD
BIT 2 BIT1 BITO
0 0 1 None None None -
Overrun error, parity error, " .
1 1 0 1 Receiver line status framing error or break Regdung the line status
: register
interrupt
1 0 0 2 Received data available Receiver data available Regdlng the receiver buffer
register
Reading the interrupt
. " ' . . . Identification register (if
0 " 0 3 l'rr:ntsmmer holding register l’:ntsmltter holding register source of interrupt) or writing
Pty pYy into the transmitter holding
register
Clear to send, data set Reading th " tat
0 0 0 4 Modem status ready, ring indicator, or data efa tlng € modem status
carrier detect register
3 Texas
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line control register (LCR)

The system programmer controls the format of the asynchronous data communication exchange through the
LCR. In addition, the programmer is able to retrieve, inspect, and modify the contents of the LCR; this eliminates
the need for separate storage of the line characteristics in system memory. The contents of this register are
summarized in Table 3 and are described in the following bulleted list.

Bits 0 and 1: These two bits specify the number of bits in each transmitted or received serial character.
These bits are encoded as shown in Table 5.

Table 5. Serial Character Word Length

Bit 1 Bit 0 Word Length
0 0 5 bits
0 1 6 bits
1 0 7 bits
1 1 8 bits

Bit 2: This bit specifies either one, one and one-half, or two stop bits in each transmitted character. When
bit 2 is cleared, one stop bit is generated in the data. When bit 2 is set, the number of stop bits generated
is dependent on the word length selected with bits 0 and 1. The number of stop bits aenerated in relation
to word length and bit 2 is as shown in Table 6.

Table 6. Number of Stop Bits Generated

Word Length Selected Number of Stop
Bit2 by Bits 1 and 2 Bits Generated
0 Any word length 1
1 5 bits ’ 11/2
1 6 bits 2
1 7 bits 2
1 8 bits 2

Bit 3: This bit is the parity enable bit. When bit 3 is set, a parity bit is generated in transmitted data between
the last data word bit and the first stop bit. In received data, when bit 3 is set, parity is checked. When bit
3 is cleared, no parity is generated or checked.

Bit 4: This bit is the even parity select bit. When parity is enabled (bit 3 is set) and bit 4 is set, even parity
(an even number of logic is in the data and parity bits) is selected. When parity is enabled and bit4 is cleared,
odd parity (an odd number of logic 1s) is selected.

Bit 5: This is the stick parity bit. When bits 3, 4, and 5 are set, the parity bit is transmitted and checked as
cleared. When bits 3 and 5 are set and bit 4 is cleared, the parity bit is transmitted and checked as set.

Bit 6: This bit is the break control bit. Bit 6 is set to force a break condition, i.e, a condition where SOUT
terminal is forced to the spacing (cleared) state. When bit 6 is cleared, the break condition is disabled. The
break condition has no affect on the transmitter logic, it only affects the serial output.

Bit 7: This bit is the divisor latch access bit (DLAB). Bit 7 must be set to access the divisor latches of the
baud generator during a read or write. Bit 7 must be cleared during a read or write to access the receiver
buffer, the THR, or the IER.
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line status register (LSR)t

The LSR provides information to the CPU concerning the status of data transfers. The contents of this register
are summarized in Table 3 and are described in the following bulleted list.

Bit 0: This bit is the data ready (DR) indicator for the receiver. Bit 0 is set whenever a complete incoming
character has been received and transferred into the RBR and is cleared by reading the RBR.

Bit 1+: This bit is the overrun error (OE) indicator. When bit 1 is set, it indicates that before the character
in the RBR was read, it was overwritten by the next character transferred into the register. The OE indicator
is cleared every time the CPU reads the contents of the LSR.

Bit 2%: This bit is the parity error (PE) indicator. When bit 2 is set, it indicates that the parity of the received
data character does not match the parity selected in the LCR (bit 4). The PE bit is cleared every time the
CPU reads the contents of the LSR.

Bit 3%: This bit is the framing error (FE) indicator. When bit 3 is set, it indicates that the received character
did not have a valid (set) stop bit. The FE bit is cleared every time the CPU reads the contents of the LSR.

Bit4%: This bit is the break interrupt (Bl) indicator. When bit 4 is set, it indicates that the received data input
was held clear for longer than a full-word transmission time. A full-word transmission time is defined as the
total time of the start, data, parity, and stop bits. The Bl bit is cleared every time the CPU reads the contents
of the LSR.

Bit 5: This bit is the THRE indicator. Bit 5 is set when the THR is empty, indicating that the ACE is ready
to accept a new character. If the THRE interrupt is enabied when the THRE bit is set, then an interrupt is
generated. THRE is set when the contents of the THR are transferred to the transmitted shift register. This
bit is cleared concurrent with the loading of the THR by the CPU.

Bit 6: This bit is the transmitter empty (TEMT) indicator, bit 6 is set when the THR and the transmitter shift
register are both empty. When either the THR or the transmitter shift register contains a data character, the
TEMT bit is cleared.

Bit 7: This bit is always clear.

1 The line status register is intended for read operations only; writing to this register is not recommended outside of a factory testing environment.
¥ Bits 1 through 4 are the error conditions that produce a receiver line status interrupt.

modem control register (MCR)

The MCR is an 8-bit register that controls an interface with a modem, data set, or peripheral device that is
emulating a modem. The contents of this register are summarized in Table 3 and are described in the following
bulleted list.

Bit 0: This bit (DTR) controls the data terminal ready (DTR) output. Setting bit O forces the DTR output to
its active state (low). When bit 0 is cleared, DTR goes high.

Bit 1: This bit (RTS) controls the request to send (RTS) output in a manner identical to bit 0’s control over
the DTR output.

Bit 2: This bit (OUT 1) is a reserved location used only in the loopback mode.

Bit 3: This bit (OUT 2) controls the output enable for the interrupt signal. When set, the interrupt is enabled.
When bit 3 is cleared, the interrupt is disabled.

2-52
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modem control register (MCR) (continued)

Bit 4: This bit provides a local loopback feature for diagnostic testing of the ACE. When this bit is set, the
following occurs:

The SOUT is asserted high.

The SIN is disconnected.

The output of the transmitter shift register is looped back into the receiver shift register input.

The four modem status inputs (CTS, DSR, RLSD, and RI) are disconnected.

The MCR bits (DTR, RTS, OUT1, and OUT2) are connected to the modem status register bits (DSR,
CTS, RI, and RLSD), respectively.

6. The four modem control output terminals are forced to their inactive states (high).

arwN=

In the diagnostic mode, data that is transmitted is immediately received. This allows the processor to verify
the transmit and receive data paths to the ACE. The receiver and transmitter interrupts are fully operational.
The modem control interrupts are also operational but the modem control interrupt sources are now the
lower four bits of the MCR instead of the four modem control inputs. All interrupts are still controlled by the
IER.

Bits 5 through 7: These bits are always cleared.

modem status register (MSR)

The MSR is an 8-bit register that provides information about the current state of the control lines from the
modem, data set, or peripheral device to the CPU. Additionally, four bits of this register provides change
information; when a control input from the modem changes state the appropriate bit is set. All four bits are
cleared when the CPU reads the MSR. The contents of this register are summarized in Table 3 and are
described in the following bulleted list.

Bit 0. This bit is the delta clear to send (DCTS) indicator. Bit 0 indicates that the CTS input has changed
states since the last time it was read by the CPU. When this bit is set and the modem status Interrupt is
enabled, a modem status interrupt is generated.

Bit 1. This bit is the delta data set ready (DDSR) indicator. Bit 1 indicates that the DSR input has changed
states since the last time it was read by the CPU. When this bit is set and the modem status Interrupt is
enabled, a modem status interrupt is generated. -

Bit 2. This bit is the trailing edge of ring indicator (TERI) detector. Bit 2 indicates that the Ri input to the chip
has changed from a low to a high state. When this bit is set and the modem status Interrupt is enabled, a
modem status interrupt is generated.

Bit 3. This bit is the delta receive line signal detect (DRLSD) indicator. Bit 3 indicates that the RLSD input
to the chip has changed states since the last time it was read by the CPU. When this bit is set and the modem
status interrupt is enabled, a modem status interrupt is generated.

Bit 4. This bit is the complement of the clear to send (CTS) input. When bit 4 (loop) of the MCR is set, bit
4 is equivalent to the MCR bit 1 (RTS).

Bit 5. This bit is the complement of the data set ready (DSR) input. When bit 4 (loop) of the MCR is set, bit
5 is equivalent to the MCR bit 0 (DTR).

Bit 6. This bit is the complement of the ring indicator (RI) input. When bit 4 (loop) of the MCR is set, bit 6
is equivalent to the MCR bit 2 (OUT 1).

Bit 7. This bit is the complement of the receive line signal detect (RLSD) input. When bit 4 (loop) of the MCR
is set, bit 7 is equivalent to the MCR bit 3 (OUT 2).
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PRINCIPLES OF OPERATION

parallel port registers

The parallel port registers interface either device to a Centronix-style printer interface. When chip select 2 (CS2)
is low, the parallel port is selected. Tables 7 and 8 show the registers associated with this parallel port. The read
or write function of the register is controlled by the state or the read (IOR) and write (IOW) terminal as shown.
The read data register allows the microprocessor to read the information on the parallel bus.

The read status register allows the microprocessor to read the status of the printer in the five most significant
bits. The status bits are printer busy (BUSY), acknowledge (ACK) which is a handshake function, paper empty
(PE), printer selected (SLCT), and error (ERROR). The read control register allows the state of the control lines
to be read. The write control register sets the state of the control lines, which are interrupt enable (IRQ ENB),
select in (SLIN), initialize the printer (INIT), autofeed the paper (AFD), and strobe (STB), which informs the
printer of the presence of a valid byte on the parallel bus. These signals are cleared when a reset occurs. The
write data register allows the microprocessor to write a byte to the parallel bus. The parallel port is completely
compatible with the parallel port implementation used in the IBM serial/paralle! adaptor.

Table 7. Parallel Port Registers

REGISTER BITS .
REGISTER
BIT7 BIT 6 BIT5 BIT 4 BIT3 BIT 2 BIT1 BITO
Read data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Read status BUSY | ACK PE SLCT ERROR 1 1 1
Read control 1 1 1 IRQ ENB SLIN INIT AFD STB
Write data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Write control 1 1 1 - IRQ ENB SLIN INIT AFD STB
Table 8. Parallel Port Register Select
CONTROL TERMINALS
On oW o2 e 20 REGISTER SELECTED
L H L L L Read data
L H L L H Read status
L H L H L Read control
L H L H H Invalid
H L L L L Write data
H L L L H Invalid
H L L H L Write control
H L L H H Invalid
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PRINCIPLES OF OPERATION

programmable baud generator

The ACE contains a programmable baud generator that takes a clock input in the range between dc and 9 MHz
and divides it by a divisor in the range between 1 and (216-1). The output frequency of the baud generator is
sixteen times (16x) the baud rate. The formula for the divisor is:

divisor # = CLK frequency input + (desired baud rate x 16)

Two 8-bit registers, called divisor latches, store the divisor in a 16-bit binary format. These divisor latches must
be loaded during initialization of the ACE in order to ensure desired operation of the baud generator. When either
of the divisor latches is loaded, a 16-bit baud counter is also loaded to prevent long counts on initial load. For
baud rates of 38.4 kilobits per second and below, the error obtained is very small. The accuracy of the selected
baud rate is dependent on the selected crystal frequency.

receiver buffer register (RBR)

The ACE receiver section consists of a receiver shift register and a RBR. Timing is supplied by the 16 receiver
clock (RCLK). Receiver section control is a function of the ACE line control register.

The ACE receiver shift register receives serial data from the serial input (SIN) terminal. The receiver shift
register then converts the data to a parallel form and loads it into the RBR. When a character is placed in the
RBR and the received data available interrupt is enabled, an interrupt is generated. This interrupt is cleared
when the data is read out of the RBR.

scratch register

The scratch register is an 8-bit register that is intended for programmer use as a scratchpad, in the sense that
it temporarily holds programmer data without affecting any other ACE operation.

transmitter holding register (THR)

The ACE transmitter section consists of a THR and a transmitter shift register. Timing is supplied by the baud
out (BAUDOUT) clock signal. Transmitter section control is a function of the ACE line control register.

The ACE THR receives data off of the internal data bus and, when the shift register is idle, moves it into the
transmitter shift register. The transmitter shift register serializes the data and outputs it at the serial output
(SOUT). When the THR is empty and the transmitter holding register empty (THRE) interrupt is enabled, an
interrupt is generated. This interrupt is cleared when a character is loaded into the register.
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® Capable of Running With All Existing
TL16C450 Software

©® After Reset, All Registers Are Identical to
the TL16C450 Register Set

©® In the FIFO Mode, Transmitter and Receiver
Are Each Buffered With 16-Byte FIFOs to
Reduce the Number of Interrupts to the
CPU

@ In the TL16C450 Mode, Holding and Shift
Registers Eliminate the Need for Precise
Synchronization Between the CPU and
Serial Data

® Programmable Baud Rate Generator Allows
Division of Any Input Reference Clock by 1
to (216 —1) and Generates an Internal 16x
Clock

@ Standard Asynchronous Communication
Bits (Start, Stop, and Parity) Added to or
Deleted From the Serial Data Stream

©® Independent Receiver Clock Input

® Transmit, Receive, Line Status, and Data
Set Interrupts Independently Controlled

description

©® Fully Programmable Serial Interface
Characteristics:
- 5-, 6-, 7-, or 8-Bit Characters
Even-, Odd-, or No-Parity Bit Generation
and Detection
1-, 1 1/2-, or 2-Stop Bit Generation
Baud Generation (dc to 256 Kbit/s)

©® False-Start Bit Detection
® Complete Status Reporting Capabilities

@ 3-State TTL Drive Capabilities for
Bidirectional Data Bus anq Control Bus

©® Line Break Generation and Detection

® [nternal Diagnostic Capabilities:
-~ Loopback Controls for Communications
Link Fault Isolation
- Break, Parity, Overrun, Framing Error
Simulation

® Fully Prioritized Interrupt System Controls

® Modem Control Functions (CTS, RTS, DSR,
DTR, RI, and DCD)

® Faster Plug-In Replacement for National
Semiconductor NS16550A

The TL16C550A is a functional upgrade of the TL16C450 asynchronous communications element (ACE).
Functionally identical to the TL16C450 on power up (character modeT), the TL16C550A can be placed in an
alternate mode (FIFO) to relieve the CPU of excessive software overhead.

In this mode, internal FIFOs are activated allowing 16 bytes (plus 3 bits of error data per byte in the receiver
FIFO) to be stored in both receive and transmit modes. To minimize system overhead and maximize system
efficiency, all logic is on the chip. Two of the TL16C450 terminal functions (terminals 24 and 29 on the N package
and terminals 27 and 32 on the FN package) have been changed to allow signalling of direct memory address
(DMA) transfers.

The TL16C550A performs serial-to-parallel conversion on data received from a peripheral device or modem
and parallel-to-serial conversion on data received from its CPU. The CPU can read and report on the status of
the ACE at any point in the ACE'’s operation. Reported status information includes the type of transfer operation
in progress, the status of the operation, and any error conditions encountered.

The TL16C550A ACE includes a programmable, on-board, baud rate generator. This generator is capable of
dividing a reference clock input by divisors from 1 to (216 —1) and producing a 16 x clock for driving the internal
transmitter logic. Provisions are included to use this 16x clock to drive the receiver logic. Also included in the
ACE is a complete modem control capability and a processor interrupt system that may be software tailored
to the user’s requirements to minimize the computing required to handle the communications link.

T The TL16C550A can also be reset to the TL16C450 mode under software control.

PRODUCTION DATA information Is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

standard warranty. P
testing of all parameters.

Copyright © 1996, Texas Instruments Incorporated
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block diagram

Internal
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NOTE A: Terminal numbers shown are for the N package.
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Terminal Functions

TERMINAL
NAME Not o DESCRIPTION

A0 28[31]| | | Register select. AO, A1, and A2 are used during read and write operations to select the ACE register to read from

Al 27 [30] or write to. Refer to Table 1 for register addresses, also refer to the address strobe (ADS) signal description.

A2 26 [29]

ADS 25[28] | | | Addressstrobe. When ADS is active (low), the register select signals (A0, A1, and A2) and chip select signals (CS0,
CS1, CS2) drive the internal select logic directly; when high, the register select and chip select signals are held in
the state they were in when the low-to-high transition of ADS occurred.

BAUDOUT 15[17] | O |Baud out. BAUDOUT is a 16x clock signal for the transmitter section of the ACE. The clock rate is established by
the reference oscillator frequency divided by a divisor specified by the baud generator divisor latches. BAUDOUT
may also be used for the receiver section by tying this output to the RCLK input.

CSso 12[14] | 1 | Chip select. When CSx is active (high, high, and low respectively), the ACE is selected. If any of these inputs are

Cs1 13[15] inactive, the ACE remains inactive. Refer to the ADS (address strobe) signal description.

cs2 14[16]

CTS 36[40]| | |Cleartosend. CTS is a modem status signal. Its condition can be checked by reading bit 4 (CTS) of the modem
status register. Bit 0 (DCTS) of the modem status register indicates that this signal has changed states since the
last read from the modem status register. If the modem status interrupt is enabled when CTS changes state, an
interrupt is generated.

D0 -D7 1~-8 [ /O | Databus. Eight 3-state data lines provide a bidirectional path for data, control, and status information between the

[2-9] ACE and the CPU.

DCD 38[42] | | |Data carrier detect. DCD is a modem status signal. lts condition can be checked by reading bit 7 (DCD) of the
modem status register. Bit 3 (DDCD) of the modem status register indicates that this signal has changed states
since the last read from the modem status register. If the modem status interrupt is enabled when the DCD changes
state, an interrupt is generated.

DDIS 23[26] | O | Driverdisable. This output is active (high) when the CPU is not reading data. When active, this output can disable
an external transceiver.

DSR 37[41] | | |Datasetready. DSR is a modem status signal. Its condition can be checked by reading bit 5 (DSR) of the modem
status register. Bit 1 (DDSR) of the modem status register indicates that this signal has changed states since the
last read from the modem status register. If the modem status interrupt is enabled when the DSR changes state,
an interrupt is generated.

DTR 33([37] | O |Data terminal ready. When active (low), DTR informs a modem or data set that the ACE is ready to establish
communication. DTR is placed in the active state by setting the DTR bit of the modem control register to a high level.
DTR is placed in the inactive state either as a result of a master reset or.during loop mode operation or clearing
bit 0 (DTR) of the modem control register.

INTRPT 30([33] | O [Interrupt. When active (high), INTRPT informs the CPU that the ACE has an interrupt to be serviced. Four
conditionsthat cause aninterruptto be issued are: a receiver error, received data is available or timeout (FIFO mode
only), transmitter holding register empty, or an enabled modem status interrupt. The INTRPT output is reset
(deactivated) either when the interrupt is serviced or as a result of a master reset.

MR 35[39] | | | Masterreset. When active (high), MR clears most ACE registers and sets the state of various output signals. Refer
to Table 2.

ouT1 34[38] | O ]Outputs 1and2.OUTT and OUT2 are user-designated output terminals that are set to their active states by setting

ouT2 31[35] their respective modem control register bits (OUT1 and OUT2) high. OUT1 and OUT2 are set to their inactive (high)
states as a result of master reset or during loop mode operations or by clearing bit 2 (OUT1) or bit 3 (OUT2) of the
modem control register.

RCLK 9[10] | | Receiver clock, RCLK is the 16x baud rate clock for the receiver section of the ACE.

RD1 21[24] | | |Read inputs. When either RD1 or RD2 are active (high or low respectively) while the ACE is selected, the CPU is

RD2 22[25] allowed to read status information or data from a selected ACE register. Only one of these inputs is required for
the transfer of data during a read operation; the other input should be tied in its inactive state (i.e., RD2 tied low
or RD1 tied high).

1 Terminal numbers shown in brackets are for the FN package.
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Terminal Functions (continued)

TERMINAL
NAME

No.t

vo

DESCRIPTION

Ri

39 [43]

Ring indicator. Rl is a modem status signal. Its condition can be checked by reading bit 6 (RI) of the modem status
register. Bit 2 (TERI) of the modem status register indicates that the Rl input has transitioned from a low to a high
state since the last read from the modem status register. If the modem status interrupt is enabled when this transition
occurs, an interrupt is generated.

32 [36]

Request to send. When active, RTS informs the modem or data set that the ACE is ready to transmit data. RTS
is set to its active state by setting the RTS modem control register bit, and is set to its inactive (high) state either
as aresult of amaster reset or during loop mode operations or by clearing bit 1 (RTS) of the modem control register.

RXRDY

29 [32)

Receiver ready output. Receiver direct memory access (DMA) signalling is available with RXRDY. When operating
inthe FIFO mode, one of two types of DMA signalling can be selected with FCR3. When operating in the TL16C450
mode, only DMA mode 0 is allowed. Mode 0 supports single-transfer DMA in which a transfer is made between
CPU bus cycles. Mode 1 supports multitransfer DMA in which multiple transfers are made continuously until the
receiver FIFO has been emptied. In DMA mode 0 (FCRO =0 or FCRO = 1, FCR3 = 0), if there is at least 1 character
in the receiver FIFO or receiver holding register, RXRDY is active (low). When RXRDY has been active but there
are no characters in the FIFO or holding register, RXRDY goes inactive (high). In DMA mode 1 (FCRO = 1, FCR3
= 1), when the trigger level or the timeout has been reached, RXRDY goes active (low); when it has been active
but there are no more characters in the FIFO or holding register, it goes inactive (high).

10[11]

Serial input. SIN is a serial data input from a connected communications device.

1 [13]

Serial output. SOUT is a composite serial data output to a connected communication device. SOUT is set to the
marking (high) state as a result of master reset.

24 [27]

Transmitter ready output. Transmitter DMA signalling is available with TXRDY. When operating in the FIFO mode,
one of two types of DMA signalling can be selected with FCR3. When operating in the TL16C450 mode, only DMA
mode 0 is allowed. Mode 0 supports single-transfer DMA in which a transfer is made between CPU bus cycles.
Mode 1 supports multitransfer DMA in which multiple transfers are made continuously until the transmit FIFO has
been filled.

Vce

40 [44]

5-V supply voltage

Vss

20 [22]

Supply common

WR1

WR2

18 [20]
19[21]

Write inputs. When either WR1 or WR2 are active (high or low respectively) while the ACE is selected, the CPU
is allowed to write control words or data into a selected ACE register. Only one of these inputs is required to transfer
data during a write operation; the other input should be tied in its inactive state (i.e., WR2 tied low or WR1 tied high).

XIN
XOUT

16 [18]
17[19]

/0

External clock. XIN and XOUT connect the ACE to the main timing reference (clock or crystal).

T Terminal numbers shown in brackets are for the FN package.
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