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IMPORTANT NOTICE

Texas Instruments (Tl) 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.

Tl warrants 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 T| 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 Tl officer.
Questions concerning potential risk applications should be directed to Tl 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 intellectual 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 Prlntm%ACompany
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 serial data inputs and outputs
IEEE 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 operation 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.

vi
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ALPHANUMERIC INDEX

TIR1000
TL16C450
TL16C451
TL16C452
TL16C550A
TL16C550B
TL16C550C
TL16C552
TL16C552A
TL16C552Al
TL16C554
TL16C750
TL16PC564A
TL16PIR552
TL16PNP100A
TL16PNP200T
TL16PNP550A
TSB11CO1
TSB11LVO1t
TSB12CO01A
TSB12C01AMT
TSB14C01t
TSB14Co1MT
TSB21Lvo3t
TSB21LVO3MT

Standalone IrDA Encoderand Decoder ...........oiiiniiiiiiiiiiiii i 2-3
Asynchronous Communications Element ...t 2-9
Asynchronous Communications Element .............. .. ... . i, 2-33
Asynchronous Communications Element .............. ..ot 2-33
Asynchronous Communications Element ........... ... . ittt 2-57
Asynchronous Communications Element ......... ..., 2-87
Asynchronous Communications Element with Autoflow Control ..................... 2-117
Dual Asynchronous Communications Element with FIFO ........................... 2—-151
Dual Asynchronous Communications Elementwith FIFO . .......................... 2-183
Dual Asynchronous Communications Element with FIFO ........................... 2-217
Asynchronous Communications Element .................oiiiiiiiiiiiiiiian.. 2-251
Asynchronous Communications Element with 64-Byte FIFOs and Autoflow Control .... 2-281
PCMCIA Universal Asynchronous Receiver Transmitter ........................c.0. 2-315
Dual UART with Dual IrDA and 1284 Parallel Port ...............cccoiiiiiiiiiea.. 3-3
Standalone Plug-and-Play (PnP) Controller ..............ccoiiiiiiiiiiiiiinnnnn. 2-347
Standalone Plug-and-Play (PnP) Controller ........ ... ..ottt 3-5
Asynchronous Communications Element with Plug-and-Play and Autoflow Control .... 2-365
IEEE 1394-1995 Triple-Cable Transceiver/Arbiter ............. ..ot 4-3
1-Port P1394 Cable Transceiver/Arbiter For 3-Volt Supply Operation .................. 5-3
1394 High-Speed Serial-Bus Link-Layer Controller ............... ... .. it 4-21
P1394 High-Speed Serial-Bus Link-Layer Controller ............. ...t . 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 . ....... ... iiiiiiiii it 5-25
IEEE 1394-1995 Triple-Cable Transceiver/Arbiter ...t 5-29

1 This is a product preview data sheet.
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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 paraliel 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 paralle! port FN 2-183
TL16C552Al UART E::;zis:gﬁ ;vr:t; ;rg;zﬁer;l;(e)s and parallel port characterized over EN 2217
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 PZ 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.

fACE = 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
TSB11CO1 Triple-cable transceiver/arbiter DL 4-3
TsB1iLvo1t Triple-cable transceiver/arbiter — 5-3
TSB12C01A High-speed serial-bus link-layer controller Pz 4-21
TSB12Co1AMT High-speed serial-bus link-layer controller WN 5-7
TSB14co1t P1394 Single-Port Backplane Transceiver/Arbiter For 5-Volt Supply Operation — 5-21
TsB14co1mt 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.
“f’ TEXAS
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TIR1000

STAND-ALONE IrDA ENCODER AND DECODER

SLLS228A — DECEMBER 1995 — REVISED FEBRUARY 1996

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

® Adds Infrared (IR) Port to Universal PS PACKAGE
Asynchronous Receiver Transmitter (TOP VIEW)
UAR
( T). . o 16XCLK I3 10 81T Ve
® Compatible with Infrared Data Association u TXD O 2 71 IR TXD
(IrDA) & Hewlett Packard Serial Infrared U_RXD T3 6 1 IR_RXD
(HPSIR) GND T4 5 .11 RESET
©® Provides 1200 bps to 115 kbps Data Rate
® Uses 2.7-V to 5.5-V Supply i .
® Provides Simple Interface With UART functional block diagram
® Decodes Negative or Positive Puises
® Available in 8-Pin Small Outline Package RESET —»
(SOP) IR_RXD —p{  Decoder L y pxD
description
The TIR1000 serial infrared (SIR) encoder/ 16XCLK
decoder is a CMOS device which encodes and U_TXD — Encoder — IR_TXD
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 to the
serial data lines.
Terminal Functions
TERMINAL
110 DESCRIPTION
NAME NO.
16XCLK 1 I | 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 4 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 O | 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 O | 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 I | Transmitter data. U_TXD is encoded (modulated) data and output data as IR_TXD (this terminal is tied to SOUT
from a UART).
Vce 8 Power supply. The Vcc requirementis 2.7 Vto 5.5V
PRODUCTION DATA information is current as of publication date. N Copyright © 1996, Texas Instruments Incorporated
e e s i
testing of all pamﬁmrs. TEXAS



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, Voo (seeNote 1) ... -05Vtio6V
Input voltage range atany input, V| ....... ... -0.5VtoVgc +0.5V
Output voltage range, Vo ... e -05VtoVec+05V
Operating free-air temperature range, TA .............................................. 0°C to 70°C
Storage temperature range, Tatg - ...« cvvvvnrertin i —65°C to 150°C
Case temperature for 10 seconds: SOP package ..........c..oiiiiiiiiiiiiiiieiiiiiiiieeennn, 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, Vo 2.7 3 3.3 \
High-level input voltage, V|iH 0.7Vece \
Low-level input voltage, Vi 0.2Vce \
Operating free-air temperature, Tp 0 70 °C

standard voltage (5 V nominal)

MIN NOM MAX | UNIT

Supply voltage, Ve 4.75 5 5.25 \
High-level input voltage, ViH ) 0.7Vce \
Low-level input voltage, Vi 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 Vec=5V Vcc-0.8
VOH High-level output voltage OH CcC ce v
IoH=-1.8 mA Vec=3V Vcc - 0.55
loL=+4 mA Vec=5V 0.5
VoL Low-level output voltage oL cc \
. loL=+1.8 mA Vec=3V 0.5
I} Input current V|=0to Vce, All other pins floating +1 pHA
Vecc=5.25V, TA =25°C,
Icc Supply current Allinputs at 0.2V,  16XCLK at 2 Mhz, 1 mA
No load on outputs
Ci(16XCLK) = Clock input capacitance 5 pF
f(16XCLK)  Clock frequency 2| MHz
; 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 MIN TYPt mAXx| uniT
tr Output rise time C(LOAD) = 15 pF (10% to 90%) 1.3 ns
1 Output fall time C(LOAD)= 15 pF (90% to 10%) 1.8 ns

t Typical values are at Tp = 25°C.
APPLICATION
Optoelectronics TIR1000 TL16C550C UART
U_TXD [« SouT
To LED (< IR_TXD
_RXD —»{ SIN
From »{IR_RXD
PIN 16XCLK |« BAUDOUT
»|{ RESET

e

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 us 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

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-5



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 puise. While U_TXD stays
low, a pulse is transmitted during the seventh to tenth clocks of each 16-clock bit cycle.

|_— 16XCLK

| | |
U_TXD _-' ! !
| — | ]

. |

' |

16XCLK ”””||||||””|||||““|”|||”||||| U_TXD |
1 234567|8 10[ 12 14 16| :

|

f

|

IR_TXD E 1 I IR_TXD N : I I
| b | ; ;

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

| I 16 Cycles I 16 Cycles ' 16 Cycles I 16 Cycles {

(RIS

Noleelsiedetoledstoleletoledelolodutolelatoletotoletolelotolatoleleloiedalololelolelet

s

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 16XCLK 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 ’ I

|
|
|
|
16XCLK ”]IH||||||||||||||||||||“||
123]45678 10 12 14 16
U_RXD—H | '__ U_RXD
| |
| : |

I
I | I I I
Figure 4. IrDA-SIR Decoding Scheme — Figure 5. Decoding Scheme — Macro View
Detailed Timing Diagram

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

{'f TeExAS
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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.

| |
IR_RXD I‘ II l| '[
| |
16XCLK
|
|
- 1
I

U_RXD ‘
1
I !

Figure 6. Timing Causing 1-clock Wide Pulse Between Consecutive Ones

:4———— 16Cycles —pl |¢—— 16Cycles ——pl

R R RIS
6XCLK R0 RO NN
1 %000 20 v Te e 0t e % e e et 0 ta 020 e ta 020 020 o0 e 0 % 0 %0 020 e 0 e Re 0 e e Re e e te e e 0 e 0 et 20 e e o te %

IR_RXD ' I

123145678 10 12 14 16 1213456 78 10 12 14 16

| r
|

I

i

|

! |
|

|

I

|
U_RXD -_|
l

H T

| i

External Strobe | n } |

; ; Il

ﬁ*——bﬁ—-‘ 16 Cycles ———H
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.

I I

IR_RXD

|
!
|
16XCLK

] ||t 2 3 4 5 6 7 8 10 12 1 16

Figure 8. Positive IR_RXD Pulse Decode — Detailed View
¢ 16 | 16 16 6
| | |

| Cycles Cycles Cycles Cycles |

AT OO AT OO OO T e e AT

RN BRI IRIRIN
DRRANRRRNANN Q2R R SR R HHAHRANHANIN 3
R R R R R SRR

|
| [ |
IR_RXD __n i 1l r‘.
| | E
|

%

16XCLK

U_RXD

| | |
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 Controlied

® 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, R, and DCD)

@ Easily Interfaces to Most Popular
Microprocessors

©® Faster Plug-In Replacement for National
Semiconductor NS16C450

description

N PACKAGE
(TOP VIEW)
Do[f 4 o Vee
D1J2  39[IRI
D2[]s 38| DCD
D3[] 4 a7[] DSR
D4[}s . 36[ICTS
D5[Js  3s5[]MR
De[J7  34[JOUTH
D7[| s 33[] DTR
RCLK[] o 32HFﬁ'§
SlNﬁ 10 31}jOUT2
SOUT[[11 30 g INTRPT
CSo[j 12 29[INC
csifj13  28f]A0
CS2[j 14 27 %M
BAUDOUTE 15 26[]A2
XTAL1[} 16  25[] ADS
XTAL2|j 17 24 %csou"r
DOSTR[] 18  23[] DDIS
DOSTRE 19 221 DISTR
Vss[]20 21| BISTR
FN PACKAGE
(TOP VIEW)
T O N+~ O — 8 % &
onobaonzPXraooo
VgL "N | P N J N ) N SN ) SN ) SN ) S ) S -
D5]76 54 3 2 1444342414g9ﬂMR
D6(] 8 SBE ouT1
p7[] ¢ 37[JDTR
RCLK[] 10 36[]RTS
SIN[] 11 35[] ouT2
Ncf] 12 34[]NC
souT|[] 13 33[] INTRPT
Cso g 14 32[INC
cst1|] 15 31[J Ao
c—sga 16 30[] A1
iAUDOUT [] 17 29[} A2
1819 20 21 22 2324 25 26 27 28
o o o o o o e e o o |

-9
-
<<

F
xX X

[ond

=
199}
x O
o

T ROICE O = |®
ELZIEE g 200
8 LD [ Q<
a oo 6

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
Praducts conform 1o specifications per mmm of
ot

blication date.
exas Instruments
include

indard warranty.
tmlng of all parameters.
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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 16x 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.

2-10
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TL16C450

ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS037B - MARCH 1988 — REVISED MARCH 1996

block diagram
Internal
Data Bus -
Data Receiver < i SIN
D7-D0 ¢=8p  Bus St Buffer Register
Buffer Register
Line Receiver 9
<> Control Timingand |4—— RCLK
Register Control
— —
Divisor
Latch (LS)
- > Goraetor 15 BAUDOUT
Divisor
Latch (MS)
v
28 »
Ao 27 Transmitter
Al —— i < Timing and
26 Line < Control
A2 —=— =p Status ontro!
Register <
o0 ;
Cs1 y
cs3 14 Transmitter Transmitter 1"
== 25 > Holding Shift ——— sout
ADS Select Register Register
MR 35 and
20 Control
DISTR Logic a2
DiSTR —2! e«  Modem —=— RTS
19 <> ontrol 36 =
- DOSTR 18 Register -4—33— CTS
DOSTR 23 Modem 37 ——DTR
DDIS ¢=—] . Control 3 2SR
csouT 42— «s] Modem Logic DCb
16 <+ Status < 39 =
XTAL1 Register PyaLl
XTAL2 4—-—17 31 ouT1
ouT2
Interrupt Interrupt
40 > Enable Contral 30__ |nTRPT
Ve g | Power Register Logic
Vss Supply
Interrupt
- [/[o] -4——J?
Register

Terminal numbers shown are for the N package.
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Terminal Functions

TERMINAL o DESCRIPTION
NAME No.t

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

Al 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 | | 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 | Chip select. When CSx is active (high, high, and low respectlvely) the ACE is selected. Refer to the ADS signal

CS1 13 description.

CSs2 14

CSouT 24 O | Chip selectout. When CSOUT is high, it indicates that the ACE has been selected by the chip selectinputs (CSO,
CS1, and CS2). CSOUT is low when the chip is deselected.

=

CTS 36 I | Clear to 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.

D0 -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. 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 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 I | Data set ready. DSR is a modem status signal. lts 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 | | 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 [/[e} 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 I Receiver clock. RCLK is the 16x baud rate clock for the receiver section of the ACE.

RI 39 | Ringindicator. 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.

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

SouT 1 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

Vgs 20 Supply common

XTALA1 16 1/0 | External clock. XTAL1 and XTAL2 connect the ACE to the main timing reference (clock or crystal).

XTAL2 17

1 Terminal numbers shown are for the N package.

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

Supply voltage range, Vo (seeNote 1) ... -05Vto7V
Input voltage range atany input, V| . ... e -05Vto7V
Output voltage range, Vo .. ..ot 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, TaA ... ..ottt s 0°C to 70°C
Storage temperature range, Tgtg - .. ovovii i —65°C to 150°C
Case temperature for 10 seconds, To: FNpackage ..............ccooiiiiiiiiiiiiiiiiii ., 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Npackage ..................... 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, Vcc 4.75 5 525 \'
High-level input voltage, V|H 2 Vce \'
Low-level input voltage, Vi -0.5 0.8 \
Operating free-air temperature, Tp 0 70 °C

"@ TeExAS
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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

Vou¥ High-level output voltage loH=-1mA 2.4 \

vo ¥ Low-level output voltage loL=1.6mA 0.4 \
Vce=5.25V, Vgs =0,

'Ikg Input leakage current V|=0t05.25V, All other terminals floating +10 HA
Vecc=5.25V, Vss =0,

loz High-impedance output current Vo=0Vto525YV, +20 UA
Chip selected, write mode,or chip deselected
Vecc=5.25V, Ta =25°C,
SIN, DSR, DCD, CTS, and Rl at2V,

lcc Supply current Al otherinputs at 0.8V,  Baud rate = 50 kbits/s, - 10 mA
XTAL1 at 4 MHz, No load on outputs

CxTAL1 Clock input capacitance 15 20 pF

" Vee =0 Vgg=0
C Clock output t cc="5 §s =5, 20 30 F
XTAL2 ock of pu. capacitance f=1 MHz, Taz 25°C, pl
Ci Input capacitance All other terminals grounded 6 10] pF
Co Output capacitance 10 20 pF

1T All typical values are at VoG = 5 V, T = 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 + tdg + td9) 175 ns
tew Cycle time, write (twg + tg5 + 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
tsu2 Setup time, CS valid before ADST . 2,3 15 ns
tsu3 Setup time, data valid before WR1J or WR2T 2 15 ns
thi Hold time, address low after ADST 2,3 0 ns
th2 Hold time, CS valid after ADST 2,3 0 ns
th3 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 WR2! 2 15 ns
the Hold time, CS valid after RD1T or RD2! 3 20 ns
th78 Hold time, address valid after RD1T or RD2J 3 20 ns
t44S Delay time, CS valid before WR1{ or WR2T 2 15 ns
tasS Delay time, address valid before WR1J or WR2T 2 15 ns
tde Delay time, write cycle, WR1T or WR2! to ADS! 2 80 ns
tq7S Delay time, CS valid to RD1{ or RD2T 3 15 ns
t4ed Delay time, address valid to RD1{ or RD2T 3 15 ns
tdg Delay time, read cycle, RD17T or RD2! to ADS! 3 80 ns

§ Only applies when ADS is low.

‘t’? TEXAS
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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 CL =100 pF 70 ns
td10 Delay time, RD14 or RD27 to data valid 3 CL =100 pF 60| ns
tg11 Delay time, RD17T or RD2! to floating data 3 Cp =100 pF 0 60| ns
tgis(r)  Disable time, RD1{T or RD2T! to DDISTL 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
L f=6.25 MHz, CLK=+1,
twa Pulse duration, BAUDOUT high 1 CL = 100 pF 80 ns
td1 Delay time, XINT to BAUDOUTT 1 Cp =100 pF 125| ns
tgo Delay time, XINT! to BAUDOUTL 1 - CL=100pF 1251 ns

receiver switching characteristics over recommended 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
tg13 RDR to LSl interrupt or stop to 4 1 1
RXRDY cycles
td14 Delay time, read RBR/LSR to reset interrupt 4 Cp =100 pF 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
td17 Delay time, WR THR to reset interrupt 5 CL=100pF 140 ns
. -~ N . baudout
t418 Delay time, initial write to interrupt (THRE) 5 16 32 cycles
td19 Delay time, read IIR to reset interrupt (THRE) 5 Ci =100 pF 140 ns

“5‘ TeExAS
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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
tdo0 Delay time, WR MCR to output 6 Cp =100 pF 100 ns
ta21 Delay time, modem interrupt to set interrupt 6 CL =100 pF 170 ns
tdoo Delay time, RD MSR to reset interrupt 6 Cp =100 pF 140 ns

PARAMETER MEASUREMENT INFORMATION

KI ‘_”_' twi
RCLK 90% 2V
90% .
(9 MHz Max) 10%/ oy
[P tw2

Ny

! -

;d1_.lu_ I—H 1 t2

BAUDOUT | |
(1)

R
BAUDOUT I

(12)
W bt

BAUDOUT
(1/3)

BAUDOUT
(1/N)
(N>3)

- 2XTAL1 - |

Cycles |
j— (N-2) XTALt —p
Cycles

Figure 1. Baud Generator Timing Waveforms

{i’ Texas
INSTRUMENTS

2-16 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TL16C450
ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS037B — MARCH 1988 — REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION

tws &
| |
ADS
10% 10%
ﬁ_ tey —M |
| | {4— tht :
- 90%
A0-A2 X 10% Valid X Validt 10%X :
] |
l j—tsu2—»l I l
b et ! :
=55 90% 90%
cso, cs1, CS2 >d i 5( vaiidf I
T Fo% T |
| tha —'H—ﬂ |
: ﬁ*‘- t43 : H—",f* td3 I
| 4
CSouT } | 90% : | 90% I
| |
| M taat- [ thatp |
— tasT— gy
DOSTR, 0% 90%
DOSTR Active
10% :
¢ tsu3 P ths—»|
30% 90%
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

e tws
‘ | | \
ADS
10% 10% : 10%
:‘—— tsu1“"|
| 4 th

|
0% . )
AO-A2 Valid »X valiat
>{10% 50% 10%

! |

| H———-—ﬂ—tsuz |
|

]

—» H—thz

|
|
|
|
|
|
|
|
|
Cso, CS1, €52 X 0% °%}< Vaidt ;P( !
|
|
|
|
|
|
|

| 10%

|
ths
1 :4—':— taaf : N-*t— tas’
; |
csouT ', I 90% 1 | N\90%
l— tw7 —d |
| tarty |4 7t
le— tdgf—ﬂ . —— tgg———M
DISTR 90% 90%
W‘ﬁ Active
1 10% 10% |

tdis(R) —ﬂ—ﬂ ﬁ—-ﬁ— tdis(R)

l

DDIS | l
|10% 10%
|

¢ tg10-9 p— tc|11—b!

90%

DO—D7 ValidData Y20

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

RCLK
le 8 CLK »
¢ s » ¢ ta12
SAMPLE
cLOCK
SIN \ Start / Data Bits 5-8 X Parity / Stop \_/—
SAMPLE |
cLOCK
> tq13
INTRPT / 90%
(RDR/LS!) 10%
td14—[ﬁ—~b|
|
DISTR, DISTR 90%
(RD RBR/LSR) Active

Figure 4. Receiver Timing Waveforms

SOouT \ Start / Data Bits X Parity / Stop 50%5‘; Start /
10%
| |
le»— ta15 16

INTRPT | 90% 90% i
(THRE) . | | 50% 50%

| ‘ |’ |
ta17 W | 918 |4 tq17

DOSTR 90% -\ 90% 90%
(WR THR)

|

|

|

f
td19— M :‘—
DISTR (RD IIR) /W“\—

Figure 5. Transmitter Timing Waveforms
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DOSTR (WR MCR)

___RTS,DTIR
ouTH, oUT2

INTRPT
(MODEM)

DISTR (RD MSR)

PARAMETER MEASUREMENT INFORMATION

10% Y /—\F_

“-’]— td20

|
a\90%

X 10%

H td22

/ 50%\

50%5'; ;f 50%
I

l
l
I
|
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Figure 6. Modem Control Timing Waveforms
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APPLICATION INFORMATION

ocmw CUO

D7-D0 >
T »
< > D7-D0 sou
MEMR or VOR ___ SIN <
DISTR
MEMW or /ON — RTS > EIA 232-D
INTR DTR » Drivers
INTRPT P and
RESET DSR < Receivers
MR <
a0 DCD <
Ao CTS <
A1
A1 TL16C450 ] <
A2 (ACE)
A2
ADS XTAL1 B4 :L
DOSTR 3072 |
MHz -
L DISTR
cs _
cs2 XTAL2
cst BAUDOUT :
H —C cso RCLK I

Figure 7. Basic TL16C450 Configuration

Receiver
WR - Disable R
> DOSTR
TL16C450
. Data Bus Data Bus (ACE)
Microcomputer
Syst 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 * -I -
A16-A23 > A16-A23 = 1
i} xTAL2 {17
12 _
cso BAUDOUT |12 I
Address 13 lo } =
Decoder CS1 RCLK
1w |
cs2
CPU DTR 33—{>O— 20
25 ATS ”——DO— 1
ADS ADS
v outT B4

f

RSVABT

A

%—{>c % {wr ouT2
ADO-
4 AD7 A0-A2 R [P%— 5V
AD0-AD15 K. > Butter K — D0-D7 5o |22 s

:

3___qu
PHI1 PHI2 .~ DSR 37—04——— 6
cTs @——04— 5
A V' N
PHI1 PHI2 ADS RSTO
o 21
RO DISTR sout J1! 2
TCU 18
WR DOSTR
10
v SIN Oq 3
ADO-AD15 a0
INTRPT 22—
csout P4 »—
22
DISTR pbis |22 p— 7
19
DOSTR NC (29 1
= =  EIA-232-D
20 40
GND _J__ 5|V Connector
(Vss) ~
) (Veey

Figure 9. Typical TL16C450 Connection to a CPU
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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
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)

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

RE

REGISTER/SIGNAL conaet, RESET STATE
Interrupt enable register Master reset All'bits low (0~3 forced and 4—7 permanent)
Interrupt identification register Master reset SZ&;’:{?:}‘/ :2:: Tand 2 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
INTRPT (transmitter holding register empty) Reiimme Low
INTRPT (modem status changes) Read MSR/MR Low
ouT2 Master reset High
RTS Master reset High
DTR Master reset High
ouTt 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
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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 it Inty t =
No. eceiver ransmitter nterrup!
Buffer Holding "::;;‘::‘ Ident. c:;:::ol Modem Line Modem Scratch Divisor Latch
Register Register Register Register | _ . Control Status Status Register Latch (MSB)
(Read (Write IQER (Read | "0 Regi Regi Regi (LSB)
Only) Only) Only)
RBR THR IER IR LCR MCR LSR MSR SCR DLL DLM
Enable
N Word
Rege;ved “0” If Length Te[r):\ti:al Data 35::
0 | DataBito* | DataBito 2 Interrupt | Select Ready Bit 0 Bit 0 Bit8
Available Pendin Bit 0 Ready (©R) to Send
Interrupt 9 wisoy | ©TR (DCTS)
(ERBF)
Enable
Transmitter Word Delta
Holding Interrupt Length Request Overrun Data
1 Data Bit 1 Data Bit 1 Register D 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 Edge Ri?\
2 | pataBit2 | DataBitz | Line Status D StopBits | Out1 Error naeaor | Bit2 Bit2 Bit 10
Interrupt Bit (1) (STB) (PE) (TERI)
(ELSI)
Enable Delta
Modem Parity Framing Data
3 Data Bit 3 Data Bit 3 Status 0 Enable Out 2 Error Carrier Bit3 Bit3 Bit 11
Interrupt (PEN) (FE) Detect
(EDSSI) (DDCD)
5:;’; Break Clear
4 Data Bit 4 Data Bit 4 0 0 Loop Interrupt to Send Bit4 Bit4 Bit 12
Select @ (CTS)
(EPS)
Transmitter Data
" . Stick Holding Set ” . ”
5 Data Bit 5 Data Bit 5 [ 0 Parity 0 Register Ready Bit5 Bit5 Bit 13
(THRE) (DSR)
Set Transmitter Ring
6 Data Bit 6 Data Bit 6 0 0 Br:ak 0 Empty Indicator Bit6 Bit6 Bit 14
(TEMT) (RI)
Divisor
Laich CZ?:iaer
7 Data Bit 7 Data Bit 7 0 0 Access 0 0 Detect Bit7 Bit 7 Bit 15
Bit (|§ce|§)
(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 IIR 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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interrupt identification register (lIR) (continued)

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 Rea.ndtlng the line status
interrupt register
i i ) . Reading the receiver buffer
1 0 0 2 Received data available Receiver data available i
Buffer register
Reading the interrupt
" . . . ) ) identification register (if
0 i 0 3 Z:n;mmer holding register ';::n;mmer holding register source of interrupt) or writing
P P into the transmitter holding
register
Clear to send, data set "
0 0 0 4 Modem status ready, ring indicator, or data Re{ldlng the modem status
) register
carrier detect

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

Bit 2 Word Le.ngth Selected Nt_:mber 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 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 13: 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 24: 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
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 bitis 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.

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.
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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 shift 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.

Bit 0: 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.

Bit 2: 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 (OUT2) signal, a user designated 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:

The SOUT is asserted high.

The SIN is disconnected.

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

The four modem control inputs (CTS, DSR, DCD, and RI) are disconnected.

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).

apwN -~

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 clear.

1T 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 mterrupt 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 R 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 bit is 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 bit is 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).

® Bit 5: This bit is 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
38400
56000 266

Table 8. Baud Rates Using a 3.072-MHz Crystal

DESIRED DIVISOR USED PERCENT ERROR
BAUD RATE TO GENERATE DIFFERENCE BETWEEN
Yo 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

i

Optional
Optional Oscillator Clock
Clock 5 toBaud
*" Generator
Output Logic
XTAL2

Vce

—

|

)

Oscillator Clock
» to Baud

Generator
Logic

TYPICAL CRYSTAL OSCILLATOR NETWORK

CRYSTAL Rp RX2 c1 c2
3.1 MHz 1MQ 15kQ 10-30 pF 40—-60 pF
1.8 MHz 1MQ 1.5 kQ 10-30 pF 40-60 pF

Figure 10. Typical Clock Circuits

{'f TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-31



TL16C450 ‘
ASYNCHRONOUS COMMUNICATIONS ELEMENT

_ SLLS037B ~- MARCH 1988 — REVISED MARCH 1996

PRINCIPLES OF OPERATION

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 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 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 Programniable 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

1-, 1 1/2-, or 2 Stop-Bit Generation

Programmable Baud Rate

(dc to 256 kbit/s)

® Fully Double Buffered for Reliable
Asynchronous Operation

Centronix Printer Interface

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

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. Copyright © 1996, Texas Instruments Incorporated
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TL16C451 ... FN PACKAGE

(TOP VIEW)
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TL16C451 functional block diagram
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TL16C452 functional block diagram
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Terminal Functions

TERMINAL o DESCRIPTION
NAMET NO.

AO 35 | Register select. AO, 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 I 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 | 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.

CSs2 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 l 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 (0] Data terminal ready. DTRx, when active (low), informs a modem or data set that the ACE is ready to

DTR1 [NC] 1 establish communication. DTRx is 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 | 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 1/0 | 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 [e] 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.

1ow 36 1 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 | Parallel data output enable. When low, LPTOE enables the write data register to the PDO—-PD?7 lines.
A high puts the PDO—PD? 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 110 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 I Reset. When active (low), RESET clears most ACE registers and sets the state of various output
signals. Refer to Table 2.

RI0 30 [ Ring indicator. RIx is an active-low modem status signal. Its state can be checked by reading bit 6 (RI)

11 [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 (e} 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 M | Serial input. SINX is a serial data input from a connected communications device.

SINT [GND] 62

SLCT 65 | Printer selected. SLCT is 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.

SOuUTOo 26 1 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 it is 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 2,7,9 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, Vog (seeNote 1) ... -05Vto7V
Input voltage range at any input, V| ... ... e -05Vto7V
Output voltage range, Vo ..ottt -05Vto7V
Continuous total power dissipation ............... ... i e 1100 mW
Operating free-air temperature range, TA - ..o vttt i 0°C to 70°C
Storage temperature range, Tatg - - -« -« e vvvetnn et —65°C to 150°C
Case temperature for 10 SeCoNdS, TG ...t ouvr ittt e 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, Vcc 4.75 5 525 \
High-level Input voltage, V|H 2 Vce Vv
Low-level Input voltage, V)i -0.5 0.8 \
Operating free-air temperature, Tp 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 DBO-DB7
. IoH =-2 mAto 4 mA on PDO-PD7
VOoH High-level output voltage —_— — 2.4 \'%
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 PD0O-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
Vcc =525V, Vgs =0,
|lkg Input leakage current Vi=0t05.25V, All other terminals float- +10 pA
ing
Vcc =525V, Vss =0,
loz High-impedance output current Vo=0t05.25YV, +20 HA
Chip selected and in write mode, or chip deselected
Ve =525V, Vgs =0,
I Supply current SIN, DSR, RLSD, CTS, and Rl at2V, 10| ma
cC PPl 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, Vgs =0,

C Clock output t 20 30 F
XTAL2 ock ou pu. capacitance £=1 MHz, Ta = 25°, pl
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, Ta = 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 Vo
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
teR Cycle time, read (ty7 + tdg + tdo) 175 ns
tew Cycle time, write (tws + td5 + tde) 175 ns
tw1 Pulse 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 TOW 2,3 15 ns
tsu2 Setup time, chip select (CSx) valid before IOW 2,3 15 ns
tsu3 Setup time, data (DO — D7) valid before IOW T 2 15 ns
thi Hold time, address (A0 — A2) valid after [OW T 2,3 20 ns
the Hold time, chip select (CSx) valid after [OW T 2,3 20 ns
th3 Hold time, data (DO — D7) valid before IOW T 2 15 ns
tq3 Delay time, write cycle (IOW) T to IOW | 2 80 ns
td4 Delay time, read cycie (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
tds Delay time, data (DO — D7) valid before read (IOR) T 3 CL =100 pF 60| ns
td6 Delay time, floating data (D0 — D7) valid after read (IOR) T 3 CL =100 pF 0 60| ns
tgis(R)  Read to driver disable, TOR | to BDO | 3 Cy =100 pF 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
tdo Delay time, read RBR/LSR (IOR) T to reset interrupt (INTRPT) { 4 CL =100 pF 140| ns

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

PARAMETER FIGURE | TESTCONDITIONS | MIN MAX | UNIT
410  Delay time, initial write THR (JOW) T to transmit start (SOUT) 4 5 8 24 b;“c‘f::'
tg11  Delay time, stop (SOUT) fow to interrupt (INTRPT) T 5 8 8 b:;c"l'::t
td12 Delay time, write THR (IOW) | to reset interrupt (INTRPT) low 5 Cp =100 pF 140 ns
t413  Delay time, initial write (OW) T to THRE interrupt (INTRPT) T 5 16 32 bj;’c‘l’g:t
t41a :I())i:ay time, read IIR (IOR) T to reset THRE interrupt (INTRPT) 5 CL = 100 pF 140 ns
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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

tgi5  Delay time, write MCR (JOW) T to output (RTS, DTS) {1 6 C| = 100 pF

100

ns

Delay time, modem input (CTS, DSR, RLSD) T to

16 setinterrupt INTRPT) high 6 CL="100pF

170

ns

tqy17  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) {7 B
ld18 to output (IOW) high 7 CL=100pF 60 ns
Delay time, write parallel port data (PO — P7) 1T to _
419 output (JOW) high 7 Cr=100pF 60f ns
tgoo0  Delay time, output enable to data, PDO — PD7 valid after LPTOE 7 Cp =100 pF 60 ns
ty21  Delay time, ACK LT to INT2 LT 7 CL =100 pF 100 ns
PARAMETER MEASUREMENT INFORMATION
}‘—H— twi
|
CLK 2v
(9 MHz Max) 08V
Ptz
b N 4
BAUDOUT
(171)
(see Note A)
BAUDOUT
(12)
BAUDOUT
(1/3)
BAUDOUT
(1/N)
(N>3)
2 Clock
[ Cycles —’} I
—— (N-2)Clock ___y,
Cycles
NOTE A: BAUDOUT is an internally generated signal used in the receiver and transmitter circuits to synchronize data.
Figure 1. Baud Generator Timing Waveforms
" i
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PARAMETER MEASUREMENT INFORMATION

90% ] J\¢ (
- AD-A2 10% Valid 10%
! |
l |
|
[ 90% i
CSo0, Cs1, Cs2 10% Valid 10% x

|
| ‘ th —¢—> :
I

|

]

|

! |

| |— tws —P, .

: “—VL‘su2 I‘— 1 —
¢ tsut —>|

| u—tda ——q
] |
10%  10%
[

|4 tsuz —>e— tha—»l

l l

1 |

20% 90%

DO-D7 v i N

\ Valid Data /

Figure 2. Write Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

90% ) ><
A0 - A2 ! 10% Valid 10%
1 |
90%
I
Cso, C§1, cs2 >< 0% Valid 10%
1
| twe
‘ & tsu2 —’IF_ "V le— th1 »
f— tgu1 —») |“——'—' tdg ——»
OR |
IoR | | 90%
10% 10%

tdis(R) —q[ — l‘—’lf‘ tdis(R)

| |
I
| |
BDO I\ 10% ! 0%

tdS_L—HI — ta —>

90% 90%
D0 - D7 Valid Data

Figure 3. Read Cycle Timing Waveforms

RCLK
(internal signal only
same as BAUDOUT) ] l
fe——sciks ¥ f—ta7
Sample Clock I l

(internal signal only)

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

e || I
Clock —_ i :
tdg 4>
INTRPT 90%
(RDR/LSI) 10%
|
td9_r‘.—ﬂ

o NI
(RD RBR/LSR) 10%

Figure 4. Receiver Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

SOuUT 10% 5‘ Start / Data Bits 5-8 X Parity / Stop 50%\Sti/__
| - |

td1o—Jl f— ‘d"'Jf—_ﬂ

| 90% 90%
e TN 50% /?/\_
0
|

It
td12 —» 1 a3 ~>{ “—tmz

|
_ | | |
TOW (WR THR) W
10% 10% 10% 14
|
IOR (RD lIR) \__J/u;;

Figure 5. Transmitter Timing Waveforms

_ 90% 90%
TOW (WR MCR) U ; |
|

H"‘P:— td1s td1s —F—Pll

90% 90%
RTS, DTR

4_

90%
INTRPT 50% 50%
(MODEM) |

iOR (RD MSR) \ I-/107

Figure 6. Modem Control Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

S N N

|
td18 —H—P‘l

|
|
SLIN, AFD, F90% T
STB, INIT 10% |
|
90%
PDO - 50% 1
DO - PD7 —————-|< o

!
:<—‘H~' td20

LPTOE \ 10%
S 90%
ACK *10% / l

|
tdo1 —ﬂ—ﬂl e———p td21

{ 90% {
INT2 \ 10% /

Figure 7. Parallel Port Timing Waveforms
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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

N\

Figure 8. Basic TL16C451 Test Configuration

Data Bus < D Dual Channel 0
ACE and Buffers
Printer

Port

Address Bus

Serial
Channel 1
Buffers

\/

Control Bus >

v Parallel
Port
Option R/C Net

\ /£

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 A1l 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 cg:?::;l_ RESET STATE

Interrupt enable register RESET All bits cleared (0—3 forced and 4—7 permanent)
Interrupt identification register RESET S:Lopfrﬁle;hgﬁﬁ; C?Qf,gdare cleared, and bits 3-7
Line control register RESET All bits cleared
Modem control register RESET All 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 47 are input signals
SOuUT RESET High
INTRPT (receiver error flag) Read LSR/RESET |Low
INTRPT (received data available) Read RBR/RESET | Low
INTRPT (transmitter holding register empty) R.l?: g};&l\slvg.f.e 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

3 7
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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 Regist Enabl Regi Control Control Status Status ::;?;:ehr Latch (L';;cah)
(Read (Write Register (Read | Regist Regi Regi Regi (LSB)
Only) Only) Only)
RBR THR IER IR LCR MCR LSR MSR SCR DLL DLM
Enable
N Word
Re;: :\;ed “0” If Length Te[::ﬁal Data g;::,
[ Data Bit 0t 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 D Select to Send Error Set Bit 1 Bit 1 Bit9
Empty Bit (0) Bit1 (RTS) (OE) Ready
Interrupt (WLST) (DDSR)
(ETBE)
Enable ' Trailin
Receiver Interrupt | Number of Parity Edge ng
2 Data Bit 2 Data Bit 2 Line Status ID Stop Bits Out 1 Error | ngi cato? Bit2 Bit2 Bit 10
Interrupt Bit (1) (STB) (PE) (TER))
(ELSI)
Enable RDeItja
Modem Parity Qut2 Framing T—t_:elve
3 DataBit3 | DataBit3 Status 0 Enable | (interrupt | Error Si":’al Bit3 Bit3 Bit 11
Interrupt (PEN) | Enable) | (FE) 9
(EDSSI) Detect
(DRLSD)
Even Clear
y " Parity Break to " " "
4 Data Bit 4 Data Bit 4 0 0 Loop Interrupt Bit4 Bit 4 Bit 12
Select @) Send
(EPS) (CTS)
Transmit- Data
stick ter Set
5 Data Bit 5 Data Bit 5 0 0 : 0 Holding Bit5 Bit5 Bit 13
Parity Regi Ready
egister (DSR)
(THRE)
Transmit- .
. . set o | Fne | . .
6 Data Bit 6 Data Bit 6 0 0 Break 0 Empty n (I:“a) or Bit6 Bit6 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)

1Bit 0is the least significant bit. It is the first bit serially transmitted or received.

‘9 TEXAS
INSTRUMENTS

2-48 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



‘ TL16C451, TL16C452
ASYNCHRONOUS COMMUNICATIONS ELEMENTS

SLLS053B — MAY 1989 — REVISED MARCH 1996

PRINCIPLES OF OPERATION

interrupt control logic

The interrupt control logic is shown in Figure 10.

DR (LSR Bit 0) D
ERBFI (IER Bit 0)
THRE (LSR bit 5)
ETBEI (IER Bit 1)

OE (LSR bit 1) \ Interrupt
PE (LSR Bit 2) ) output

FE (LSR bit 3)

BI (LSR Bit 4)

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

DDSR (MSR Bit 1)

[ )

TERI (MSR Bit2) ——
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.
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interrupt identification register (lIR)

" PRINCIPLES OF OPERATION

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: Thisbitcan be used either in 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 BIT 1 BIT O
0 0 1 None None None -
Overrun error, parity error, I I
1 1 0 1 Receiver line status framing error or break 'r:;eg?:t:? the line status
interrupt
Reading th i ff
1 0 0 2 Received data available Receiver data available ' e‘;?;':? @ receiver buffer
Reading the interrupt
. . . . . . Identification register (if
0 1 0 3 Z::ntsmmer holding register Z::n:/mutter holding register source of interrupt) or writing
pty P into the transmitter holding
register
Clear to send, data set .
0 0 0 4 Modem status ready, ring indicator, or data Regtitlng the modem status
carrier detect register
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PRINCIPLES OF OPERATION

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

Word Length
5 bits

0 1 6 bits

1 0 7 bits

1 1 8 bits

Bit 1 Bit0
0 0

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 generated in relation
to word length and bit 2 is as shown in Table 6.

Table 6. Number of Stop Bits Generated

Bit 2

Word Length Selected
by Bits 1 and 2

Number of Stop
Bits Generated

Any word length

1

5 bits 1172
6 bits 2
7 bits 2
8 bits 2

I QY Y [

Bit 3: This bitis 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 bit 4 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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PRINCIPLES OF OPERATION

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 O is set whenever a complete incoming
character has been received and transferred into the RBR and is cleared by reading the RBR.

Bit 13: 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.

Bit 4%: 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 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.

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.
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PRINCIPLES OF OPERATION

modem control register (MCR) (continued)

® Bit4: 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).

arN -~

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 O 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 s 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 s 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/parallel adaptor.

Table 7. Parallel Port Registers

REGISTER REGISTER BITS
BIT7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT1 BIT O
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
OR oW S | 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 16x 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 i

® 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

® 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

Deleted From the Serial Data Stream

® Independent Receiver Clock Input ® Modem Control Functions (CTS, RTS, DSR,

DTR, RI, and DCD)

©® Faster Plug-In Replacement for National
Semiconductor NS16550A

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

description

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. ) Copyright © 1996, Texas Instruments Incorporated
Products mw“rwnwspocmmionqum% :ﬂ,ﬂt no‘t” exas Instr;:m: %
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block diagram
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e
|
A Receiver 10
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D7-D0Qe=g=p= Control S Buffer Register
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Register | | Control
a0 |
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26 Latch (LS) Baud 15
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12
cso - ) Latch (MS) v
Cs1 ——*—1 .
= 14 i g Line
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Vgg— Supply <+ Enable > Control
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FIFO
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NOTE A: Terminal numbers shown are for the N package.
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Terminal Functions

TERMINAL
NAME No.t Vo DESCRIPTION

A0 28[31]1 | | |Registerselect. 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 ADSis active (low), the register select signals (A0, A1, and A2) and chip select signals (CSO,
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.

CSo 12[14] | | | 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.

Do -D7 1-8 | I/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. 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[26] | O | Driver disable. This output is active (high) when the CPU is not reading data. When active, this output can disable
an external transceiver.

DSR 37[41]| I' |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 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 s 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 an interruptto 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. .

50T 34[38] | O |Outputs 1and2. OUT1 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.

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

RD1 21[24] | | |Readinputs. 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).

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

TERMINAL
NAME No.t

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.

RTS 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 a master 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
in the FIFO mode, one of two types of DMA signalling can be selected with FCR3. When operating inthe 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=0or 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).

SIN 10 1]

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

SOUT 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.

TXRDY  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 muititransfer 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 1820]
WR2 1921]

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 16 [18]
XOUT 17 [19]

/10

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

Supply voltage range, Vg (see Note 1)
Input voltage range at any input, V|
Output voltage range, Vo
Operating free-air temperature range, Ta
Storage temperature range, Tgig
Case temperature for 10 seconds, Tg: FN package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds N package

-05Vto7V
-05Vto7V
-05Vto7V

0°C to 70°C
—65°C to 150°C

260°C

t 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, Vcc 4.75 5 525 \'
High-level input voltage, V|4 2 Vce \
Low-level input voltage, Vi -0.5 0.8 \
Operating free-air temperature, Ta 0 70 °C

electrical characteristics over recommended ranges of supply voltage
temperature (unless otherwise noted)

and operating free-air

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Vou¥  High-level output voltage IoH=-1mA 2.4 v
Vo|_¢ Low-level output voltage loL=1.6mA 0.4 \
Vec =525V, Vgs =0,
likg Input leakage current V|=0t05.25V, All other terminals floating 10 pA
Vee =525V, Vsg=0
loz High-impedance output current Vo=0t0525YV, +20 HA
Chip selected in write mode or chip deselected
Vcc=5.25V, Ta=25°C,
SIN, DSR, DCD, CTS, and Rl at2 'V,
lcc  Supply current All other inputs at 0.8V,  XTAL1 at 4 MHz, o ma
No load on outputs, Baud rate = 50 kbit/s
CxXIN Clock input capacitance 15 20 pF
- Vee =0, Vgg =0
C Clock output t cc =0, §s=0 2 F
XOUT ockou pu- capactance All other terminals grounded, 0 % P
C| Input capacitance f=1MHz, TA =25°C 6 10 pF
Co Output capacitance 10 20 pF
1 Al typical values are at VoG =5 V, Ta = 25°C.
1 These parameters apply for all outputs except XOUT.
o
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system timing requirements over recommended ranges of supply voltage and operating free-air

temperature
ALT. SYMBOL FIGURE MIN MAX | UNIT
tcR Cycle time, read (ty7 + tdg + tdg) RC 175 ns
tew Cycle time, write (twg + tds + tde) wcC 175 ns
tws Pulse duration, ADS low tADS 2,3 15 ns
twe Pulse duration, write strobe tWR 2 80 ns
tw7 Pulse duration, read strobe tRD 3 80 ns
tw8 Pulse duration, master reset tMR 1 ns
tsu1 Setup time, address valid before ADS T tas 2,3 15 ns
tsu2 Setup time, CS before ADS T tcs 2,3 15 ns
tsu3 Setup time, data valid before WR1l or WR2T tps 2 15 ns
th1 Hold time, address low after ADS T taH 2,3 0 ns
th2 Hold time, CS valid after ADS T tCH 2,3 0 ns
th3 Hold time, CS valid after WR1 T or WR2! .twes 2 20 ns
thad Hold time, address valid after WR1T or WR21 twA 2 20 ns
ths Hold time, data valid after WR1T or WR2! tDH 2 15 ns
the Hold time, CS valid after RD1T or RD2! tRCS 3 20 ns
th7% Hold time, address valid after RD1T or RD2) tRA 3 20 ns
tq43 Delay time, CS valid before WR1{ or WR2T tocsw 2 15 ns
ta5S Delay time, address valid before WR11 or WR2T taw 2 15 ns
[ Delay time, write cycle, WR1T or WR2! to ADS | twe 2 80 ns
tg7% Delay time, CS valid to RD14 or RD2T tCsSR 3 15 ns
tgs Delay time, address valid to RD1J or RD2T tAR 3 15 ns
tdo Delay time, read cycle, RD17T or RD2! to ADS! tRC 3 80 ns

§ Applicable only when ADS is tied low.

system switching characteristics over recommended ranges of supply voitage and operating

free-air temperature (see Note 2)

PARAMETER ALT. SYMBOL | FIGURE TEST CONDITIONS MIN MAX | UNIT
tw1 Pulse duration, clock high txXH 1 f = 9 MHz maximum 50 ns
tw2 Pulse duration, clock low txL 1 f = 9 MHz maximum 50 ns
t410 Delay time, RD14 or RD2T to data valid tRVD 3 CL =100 pF 60| ns
td11 Delay time, RD1T or RD2! to floating data tHz 3 CL =100 pF 0 60| ns
tgis(R)  Disable time, RDT{T or RD2T! to DDIST) tRDD 3 CL =100 pF 60| ns

NOTE 2: Charge and discharge time is determined by Vo, VOH, and external loading.

baud generator switching characteristics over recommended ranges of supply

operating free-air temperature

voltage and

PARAMETER ALT. SYMBOL | FIGURE | TEST CONDITIONS MIN MAX | UNIT
R RO, f=9 MHz, CLK + 2,
tw3 Pulse duration, BAUDOUT low tw 1 CL = 100 pF 80 ns
P =9 MHz, CLK + 2,
twa Pulse duration, BAUDOUT high tHW 1 Cy =100 pF 100 ns
tgq Delay time, XIN T to BAUDOUT T tBLD 1 CL =100 pF 125| ns
tgo Delay time, XIN T to BAUDOUT { tBHD 1 CL =100 pF 125| ns
*i’
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receiver switching characteristics over recommended ranges of supply voltage and operating

free-air temperature (see Note 3)

PARAMETER ALT. SYMBOL | FIGURE TEST CONDITIONS MIN MAX | UNIT

td12 Delay time, RCLK to sample clock tscb 4 100 ns
Delay time, stop to set RCV error interrupt or RCLK

td13 read RBR to LSl interrupt or stop to tSINT 4,5,6,7,8 1 .
RXRDY. cycles

td14 Delay time, read RBR/LSR to reset interrupt tRINT 4,5,6,7,8 CL =100 pF 150 ns

NOTE 3: In FIFO mode RC = 425 ns (minimum) between reads of the receiver FIFO and the status registers (interrupt identification register or

line status register).

transmitter switching characteristics over recommended ranges of supply voltage and operating

free-air temperature
PARAMETER ALT. SYMBOL | FIGURE | TEST CONDITIONS MIN MAX| UNIT
tg15  Delay time, INTRPT to transmit start tiRs 9 8 24 baudout
cycles
. . baudout
td16  Delay time, start to interrupt tsTI 9 8 8 cycles
tg17  Delay time, WR THR to reset interrupt tHR 9 CL =100 pF 140 ns
tq1g  Delay time, initial write to interrupt (THRE) tgl 9 16 32 b:;c‘f::‘
tg1g  Delay time, read lIR to reset interrupt (THRE) iR 9 C =100 pF 140 ns
tgoo  Delay time, write to TXRDY inactive twxi 10,11 CL =100 pF 195 ns
tgp1  Delay time, start to TXRDY active tsxXA 10,11 C| = 100 pF 8 b:;‘c‘:;’:t

modem control switching characteristics over recommended ranges of supply voltage and

operating free-air temperature
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PARAMETER ALT. SYMBOL | FIGURE TEST CONDITIONS MIN MAX | UNIT
tdo2 Delay time, WR MCR to output tMDO 12 C =100 pF 100 ns
1423 Delay time, modem interrupt to set interrupt tSIM 12 CL =100 pF 170 ns
tdo4 Delay time, RD MSR to reset interrupt tRIM 12 C| =100 pF 140 ns

*L‘ TEXAS
INSTRUMENTS




TL16C550A
ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS057D — AUGUST 1989 — REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION
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Figure 1. Baud Generator Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION
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Figure 2. Write Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION
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Figure 3. Read Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION
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PARAMETER MEASUREMENT INFORMATION
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Figure 5. Receiver FIFO First Byte (Sets DR Bit) Waveforms
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PARAMETER MEASUREMENT INFORMATION

— )
{

RD { \ ] /
(RD RBR) Active

SIN : | See Note A
(first byte) Stop |
|
Sample Clock | I {
| |
13 — |
(see Note B) | | td14 ——ld-—ﬂ

I
RXRDY \! ,
{

NOTES: A. This is the reading of the last byte in the FIFO.
B. For a timeout interrupt, t413 = 8 RCLKs.

Figure 7. Receiver Ready (RXRDY) Waveforms, FCRO = 0 or FCRO = 1 and FCR3 = 0 (mode 0)
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Figure 8. Receiver Ready (RXRDY) Waveforms, FCR =1 or FCR3 = 1 (mode 1)
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PARAMETER MEASUREMENT INFORMATION
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Figure 9. Transmitter Timing Waveforms
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Figure 10. Transmitter Ready (TXRDY) Waveforms, FCRO = 0 or FCRO = 1 and FCR3 = 0 (mode 0)
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Figure 11. Transmitter Ready (TXRDY) Waveforms, FCRO = 1 and FCR3 = 1 (mode 1)
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PARAMETER MEASUREMENT INFORMATION
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APPLICATION INFORMATION
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Figure 13. Basic TL16C550A Configuration
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APPLICATION INFORMATION

1t Terminal numbers for the TL16C550A are for the N package.
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Figure 15. Typical TL16C550A Connection to a CPU
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PRINCIPLES OF OPERATION

Table 1. Register Selection

DLABT | A2 Al 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 L FIFO control register (write)
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

RESET
REGISTER/SIGNAL CONTROL RESET STATE
Interrupt Enable Register Master Reset All bits cleared (0—3 forced and 4—7 permanent)
Interrupt Identification Register Master Reset Bit 0 is set, bits 1—3 are cleared, and bits 4—7 are permanently
cleared
FIFO Control Register Master Reset All bits cleared
Line Control Register Master Reset All bits cleared
Modem Control Register Master Reset All bits cleared (5—7 permanent)
Line Status Register Master Reset Bits 5 and 6 are set, all other bits are cleared
Modem Status Register Master Reset Bits 0—3 are cleared, bits 4—7 are input signals
SouT Master Reset High
INTRPT (receiver error flag) Read LSR/MR | Low
INTRPT (received data available) Read RBR/MR | Low
INTRPT (transmitter holding register empty) ne#";mme Low
INTRPT (modem status changes) Read MSR/MR | Low
ouT2 Master Reset | High
RTS Master Reset | High
DTR Master Reset | High
ouT1 Master Reset | High
Scratch Register Master Reset No effect
Divisor Latch (LSB and MSB) Registers Master Reset No effect
Receiver Buffer Registers Master Reset No effect
Transmitter Holding Registers Master Reset No effect
RCVR FIFO MH/FAC;:?;;CRO/ All bits low
XMIT FIFO MR/FACF?';'SCRO/ Al bits low
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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
O0DLAB=0 ODLAB=0 1DLAB=0 2 2 3 4 5 6 7 ODLAB=1 1DLAB=1
Receiver Transmitter Interrupt FIFO
Bit Buffer Holding Interrupt Ident. Control Line Modem Line Modem Scratch Divisor Latch
No. Register Register Enable Register Register Control Control Status Status Register Latch (MSB)
(Read (Write Register (Read (Write Register Register Register Register 9 (LSB)
Only) Only) Only) Only)
RBR THR IER IR FCR LCR MCR LSR MSR SCR DLL DLM
Enable
. Word Delta
Received e if Length Data Data Cloar
it of " Data FIFO Terminal " " "
0 Data Bit 0 Data Bit 0 y Interrupt Select Ready Bit0 Bit0 Bit8
Available Pendin Enable Bit0 Ready (©OR) to Send
Interrupt 9 WLSO) (©TR) (AcTs)
(ERB)
Enable
Transmitter Word Deilta
Holding Interrupt Receiver Length Request Overrun Data
1 Data Bit 1 Data Bit 1 Register D FIFO Select to Send Error Set Bit 1 Bit 1 Bit9
Empty Bit0 Reset Bit 1 (RTS) (OE) Ready
Interrupt (WLST) (ADSR)
(ETBEI)
Enable Number Trailing
Receiver Interrupt | Transmitter of Parity Edge Ring
2 Data Bit 2 Data Bit 2 Line Status D FIFO Stop Bits Outt Error Indicator Bit2 Bit2 Bit 10
Interrupt Bit (1) Reset (s?ra) (PE) (TERI)
(ELSI)
Enable Delta
Modem Intelgupt DMA Parity Framing Data
3 Data Bit 3 Data Bit 3 Status Bit (2 Mode Enable Out2 Error Carrier Bit3 Bit3 Bit 11
Interrupt (N;!; ;) Select (PEN) (FE) Detect
(EDSSI) (ADCD)
B o | oo
4 Data Bit 4 Data Bit 4 0 0 Reserved ty Loop Interrupt Bit4 Bit4 Bit 12
Select (B1) Send
(EPS) (CTS)
Transmitter Data
5 | paaBits | Daabits 0 0 Reserved | Stick 0 Holding Set Bit5 Bit5 Bit 13
Parity Register Ready
(THRE) (DSR)
FIFOs Receiver Set Transmitter Ring
6 Data Bit 6 Data Bit 6 0 Enabled Trigger Break 0 Empty Indicator Bit6 Bit6 Bit 14
(Note 4) (LSB) (TEMT) (RI)
Divisor .
FIFOs Receiver Latch 7‘-{?\;: CZ:r‘iaer
7 Data Bit 7 Data Bit 7 0 Enabled Trigger Access 0 Bit7 Bit7 Bit 15
N FIFO Detect
(Note 4) (MSB) Bit (Note 4) (ocD)
(DLAB)

1 Bit 0 is the Ieast significant bit. It is the first bit serially transmitted or received.
NOTE 4: These bits are always cleared in the TL16C450 mode.
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FIFO control register (FCR)

The FCRis a write-only register at the same location as the lIR, which is a read-only register. The FCR enables
the FIFOs, clears the FIFOs, sets the receiver FIFO trigger level, and selects the type of DMA signalling.

Bit0: This bit (FCRO0), when set, enables the transmit and receive FIFOs. Bit 0 must be set when other FCR
bits are written to or they are not programmed. Changing this bit clears the FIFOs.

Bit1: This bit (FCR1), when set, clears all bytes in the receiver FIFO and clears its counter. The shift register
is not cleared. The 1 that is written to this bit position is self clearing.

Bit2: This bit (FCR2), when set, clears all bytes in the transmit FIFO and clears its counter. The shift register
is not cleared. The 1 that is written to this bit position is self clearing.

Bit 3: When this bit (FCR0) and FCR3 are set, RXRDY and TXRDY change from mode 0 to mode 1.
Bits 4 and 5: These two bits (FCR4 and FCR5) are reserved for future use.

Bits 6 and 7: These two bits (FCR6 and FCR7) set the trigger level for the receiver FIFO interrupt.
Table 4 shows the trigger level for the receiver FIFO interrupt.

Table 4. Receiver FIFO Trigger Level

RECEIVER FIFO
BIT7 BIT 6 TRIGGER LEVEL (BYTES)
0 0 01
0 1 04
1 0 08
1 1 14

FIFO interrupt mode operation

When the receiver FIFO and receiver interrupts are enabled (FCRO = 1, IERO = 1) receiver interrupts occur as
follows:

1. The receive data available interrupt is issued to the microprocessor when the FIFO has reached its
programmed trigger level. It is cleared as soon as the FIFO drops below its programmed trigger level.

2. ThellRreceive data available indication also occurs when the FIFO trigger level is reached, and, like the
interrupt, it is cleared when the FIFO drops below the trigger level.

3. The receiver line status interrupt (IIR = 06), as before, has higher priority than the received data
available (IIR = 04) interrupt.

4. The data ready bit (LSRO) is set as soon as a character is transferred from the shift register to the
receiver FIFO. It is cleared when the FIFO is empty.

When the receiver FIFO and receiver interrupts are enabled, receiver FIFO timeout interrupts occur as follows:
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FIFO interrupt mode operation (continued)

1.

3.

4.

FIFO timeout interrupt occurs when the following conditions exist:

a. Atleast one character is in the FIFO.

b. The most recent serial character received was longer than 4 continuous character times ago (when
2 stop bits are programmed, the second one is included in this time delay).

c. The most recent microprocessor read of the FIFO was longer than 4 continuous character times
ago. This causes a maximum character received to interrupt issued delay of 160 ms at 300 baud
with 12-bit characters.

Character times are calculated by using the RCLK input for a clock signal (this makes the delay

proportional to the baud rate).

When a timeout interrupt has occurred, it is cleared and the timer reset when the microprocessor reads

one character from the receiver FIFO.

When a timeout interrupt has not occurred, the timeout timer is reset after a new character is received or

after the microprocessor reads the receiver FIFO.

When the transmit FIFO and transmitter interrupts are enabled (FCRO = 1, IER1 = 1), transmit interrupts occur
as follows:

1.

The THR interrupt (02) occurs when the transmit FIFO is empty. It is cleared as soon as the THR is
written to (1 to 16 characters may be written to the transmit FIFO while servicing this interrupt) or the IIR
is read.

The transmit FIFO empty indications are delayed 1 character time minus the last stop bit time when the
following occurs: THRE = 1 and there have not been at least two bytes at the same time in the transmit
FIFO since the last THRE = 1. The first transmitter interrupt after changing FCRO is immediate, if it is
enabled.

Character timeout interrupt and receiver FIFO trigger level interrupts have the same priority as the current
received data available interrupt. The transmit FIFO empty interrupt has the same priority as the current THRE
interrupt.

FIFO polled mode operation

When FCRO is set, clearing IERO, IER1, IER2, IER3, or all four puts the ACE in the FIFO polled mode of
operation. Since the receiver and transmitter are controlled separately, either one or both can be in the polled
mode of operation.

In this mode, the user program checks the receiver and transmitter status using the LSR.

® | SRO is set as long as there is one byte in the receiver FIFO.

® | SR1 - LSR4 specify which error(s) have occurred. Character error status is handled the same way as
when in the interrupt mode and the IIR is not affected since IER2 = 0.

® | SR5 indicates when the transmit FIFO is empty.

® | SR6 indicates that both the transmit FIFO and shift registers are empty.

® | SR7 indicates whether there are any errors in the receiver FIFO.

There is no trigger level reached or timeout conditions indicated in the FIFO polled mode. However, the receiver
and transmitter FIFOs are still fully capable of holding characters.
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interrupt enable register (IER)

The IER enables each of the four types of interrupts (refer to Table 5) 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 — 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 popular 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 is defined
by the interrupt’s three least significant bits (bits 0, 1, and 2). The contents of this register are summarized in
Table 3 and described in Table 4. Details of each bit are as follows:

Bit0: This bitcan be used either in 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 5.

Bit 3: This bit is always cleared in the TL16C450 mode. In FIFO mode, this bit is set with bit 2 to indicate
that a timeout interrupt is pending.

Bits 4 thru 5: These two bits are not used and are always cleared.

Bits 6 and 7: These two bits are always cleared in the TL16C450 mode. They are set when bit 0 of the FCR
is set.
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interrupt identification register (lIR) (continued)

Table 5. Interrupt Control Functions

INTERRUPT
IDENTIFICATION PRIORITY INTERRUPT RESET
REGISTER (IIR) LEVEL INTERRUPT TYPE INTERRUPT SOURCE METHOD
BIT3 |BIT2 | BIT1 |BITO
0 0 0 1 None None None -
0 1 1 o 1 Receiver line status Oveltrun error, parity er!'or, Reading the line status register
framing error, or break interrupt | (LSR)
Receiver data available in the Reading the receiver buffer
0 1 [o] 0 2 Received data available | TL16C450 mode or trigger level re isterg(RBH)
reached in the FIFO mode. 9
No characters have been
removed from or input to the
1 1 0 0 2 Character timeout receiver FIFO during the last Reading the receiver buffer
indication four character times and there | register (RBR)
is at least one character in it
during this time
Reading the interrupt
. . . " . identification register (lIR) (if
0 0 1 0 3 :’erair:;r:lt;:: I:gldmg Z:n;ml\ter holding register source of interrupt) or writing
9 P P into the transmitter holding
register (THR)
Clear to send, data set ready, .
0 0 0 0 4 Modem status ring indicator, or data carrier Regdmg the modem status
detect register (MSR)

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 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 6.

Table 6. Serial Character Word Length

Bit 1 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 clocks 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 7.
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line control register (LCR) (continued)

Table 7. Number of Stop Bits Generated

Bit 2 Word Length Selected Number of Stop
by Bits 1 and 2 Bits Generated
0 Any word length 1
1 5 bits 112
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 the 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 1’s in the data and parity bits) is selected. When parity is enabled and bit 4 is
cleared, odd parity (an odd number of logic 1s) is selected.

® Bit5: 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. When
bit 5 is cleared, stick parity is disabled.

® Bit6: This bitis the break control bit. Bit 6 is set to force a break condition, i.e., a condition where the serial
output (SOUT) terminal is forced to the spacing (low) 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 described in the following bulleted list and summarized in Table 3.

@ 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 or the FIFO and is cleared by reading all of the
data in the RBR or the FIFO.

® 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. If the FIFO mode data continues to fill the FIFO
beyond the trigger level, an overrun error occurs only after the FIFO is full and the next character has been
completely received in the shift register. OE is indicated to the CPU as soon as it happens. The character
in the shift register is overwritten but is not transferred to the FIFO.

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.
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line status register (LSR) (continued)

Bit2%-: 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. In the FIFO mode, this error is associated with the particular character
in the FIFO to which it applies. This error is revealed to the CPU when its associated character is at the top
of the FIFO.

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.
In the FIFO mode, this error is associated with the particular character in the FIFO to which it applies. This
error is revealed to the CPU when its associated character is at the top of the FIFO. The ACE tries to
resynchronize after a framing error. To accomplish this, it is assumed that the framing error is due to the
next start bit. The ACE then samples this start bit twice and then accepts the input data.

Bit4%: This bitis the break interrupt (BI) 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. In the FIFO mode, this error is associated with the particular character in the FIFO to which it
applies. This error is revealed to the CPU when its associated character is at the top of the FIFO. When
break occurs, only the 0 character is loaded into the FIFO. The next character transfer is enabled after SIN
goes to the marking state and receives the next valid start bit.

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. In the FIFO mode, this bit is set when the
transmit FIFO is empty; it is cleared when at least 1 byte is written to the transmit FIFO.

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

Bit 7: In the TL16C550A, this bit is always cleared. In the TL16C450 mode, this bit is cleared. In the FIFO
mode, LSR7 is set when there is at least one parity, framing, or break error in the FIFO. It is cleared when
the microprocessor reads the LSR and there are no subsequent errors in the FIFO.

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 0 forces the DTR output to
its low state. 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 (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.

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.
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modem control register (MCR) (continued)

Bit 3: This bit (OUT2) controls the output 2 (OUT2) signal, a user-designated 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:

The SOUT is set high.

The SIN is disconnected.

The output of the TSR is looped back into the RSR input.

The four modem control inputs (CTS, DSR, DCD, and RI) are disconnected.

The four modem control outputs (DTR, RTS, OUTT, 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).

ahon

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’s 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.

Bit 5 — 7: These bits are permanently 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 provide 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.

Bit0: This bitis the change in clear to send (ACTS) 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 change in data set ready (ADSR) 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 bit is the trailing edge of ring indicator (TERI) detector. Bit 2 indicates that the Rl 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 change in data carrier detect (ADCD) indicator. Bit 3 indicates that the DCD 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 compliment 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 compliment of the data set ready (DSR) input. When bit 4 (loop) of the MCR s set,
bit 5 is equivalent to the MCR bit 1 (DTR).
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modem status register (MSR) (continued)

® Bit6: This bit is the compliment of the ring indicator (RI) input. When bit 4 (loop) of the MCR is set, bit 6
is equivalent to the MCR bit 2 (QUT1).

® Bit7: This bitis the complimént of the data carrier detect (DCD) input. When bit 4 (loop) of the MCR is set,
bit 7 is equivalent to the MCR bit 3 (OUT2).

programmable baud generator

The ACE contains a programmable baud generator that takes a clock input in the range between dc and 8 MHz
and divides it by a divisor in the range between 1 and (216—1). The output frequency of the baud generator is
16x the baud rate. The formula for the divisor is: ‘ :

divisor # = XIN 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 8 and 9, which follow, 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 kbit/s 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 16 for examples of typical clock circuits.

Table 8. 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
1345 857 0.058
150 768
300 384
600 192
1200 9%
1800 64
2000 58 0.69
2400 48
3600 32
4800 24
7200 16
9600 ' 12
19200 ry
38400 3
56000 2 YT
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programmable baud generator (continued)

Table 9. 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

134.5 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

Driver Vee Vee
External XIN ;} XIN ;}
Clock
Optional ::i Ei
Driver

Optional XOouT
Clock
Output

Oscillator Clock
to Baud
Generator Logic

Oscillator Clock
to Baud
Generator Logic

T®
TYPICAL CRYSTAL OSCILLATOR NETWORK
CRYSTAL Rp RX2 C1 c2
3.1 MHz 1 MQ 1.5kQ 10-30 pF 40-60 pF
1.8 MHz 1MQ 1.5 kQ 10-30 pF 40-60 pF

Figure 16. Typical Clock Circuits
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receiver buffer register (RBR)

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

The ACEs RSR receives serial data from the SIN terminal. The RSR then deserializes the data and moves it
into the RBR FIFO. In the TL16C450 mode, 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. in the FIFO mode, the interrupts are generated based on the control setup in the FIFO control register.

scratch register

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

transmitter holding register (THR)

The ACE transmitter section consists of a THR and a transmitter shift register (TSR). The THR is actually a
16-byte FIFO. Timing is suppled 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 the internal data bus and, when the shift register is idle, moves it into the TSR.
The TSR serializes the data and outputs it at the serial output (SOUT). In the TL16C450 mode, 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. In the FIFO mode, the interrupts are generated
based on the control setup in the FIFO control 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, Hold 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

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 Outputs Provide 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)

Faster Plug-In Replacement for National

Semiconductor NS16550A

description

The TL16C550B is a functional upgrade of the TL16C450 asynchronous communications element (ACE).
Functionally identical to the TL16C450 on power up (character modet), the TL16C550B can be placed in an

alternate mode (FIFO) to relieve the CPU of excessive software overhead.

In this alternate FIFO 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 (RXRDY and

TXRDY) have been changed to allow signalling of DMA transfers.
The TL16C550B performs serial-to-parallel conversion on data received from a peripheral device or mod

em

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 operation. Reported status information includes: the type of transfer operation

in progress, the status of the operation, and any error conditions encountered.

The TL16C550B 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 16x clock for driving the internal

transmitter logic. Provisions are included to use this 16x clock to drive the receiver logic. Also included in
ACE is a complete modem control capability and a processor interrupt system that may be software tailo
to the user’s requirements to minimize the computing required to handle the communications link.

the
red

The TL16C550B is available in a 40-pin DIP (N) package, a 44-pin PLCC (FN) package, and a 48-pin TQFP

(PT) package.

1The TL16C550B 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
il not
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INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1996, Texas Instruments Incorporated

2-87



TL16C550B

ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS136A — JANUARY 1994 — REVISED MARCH 1996
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functional block diagram
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Terminal numbers shown are for the N package.
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Terminal Functions

TERMINAL
NO. NO. No. | VO DESCRIPTION
NAME  'N" BN PT

A0 28 31 28 I | Register seiect. AO—A2 are used during read and write operations to select the ACE register to read

Al 27 30 27 from or write to. Refer to Table 1 for register addresses, and refer to the address strobe (ADS) signal

A2 26 29 26 description.

ADS 25 28 24 || 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 are in when the low-to-high transition of ADS occurs.

BAUDOUT 15 17 12 | 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 can also be used for the receiver section by tying this output to RCLK.

CSso 12 14 9 | | Chip select. When CSO0 = high, CS1 = high, and CS2 = low, these three inputs select the ACE. When

Cs1 13 15 10 any of these inputs are inactive, the ACE remains inactive. Refer to the ADS signal description.

Cs2 14 16 11

CTS 36 40 38 | | Clear to send. CTS is a modem status signal. Its condition can be checked by reading bit 4 (CTS) of
the modem status register. Bit 0 (ACTS) 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 1 2 43 | I/O | Data bus. Eight data lines with 3-state outputs provide a bidirectional path for data, control, and status

D1 2 3 44 information between the ACE and the CPU.

D2 3 4 45

D3 4 5 46

D4 5 6 47

D5 6 7 2

D6 7 8 3

‘D7 8 9 4

DCD 38 42 40 | | 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 (A DCD) 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 DCD changes state, an interrupt is generated.

DDIS 23 26 22 | 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 39 | | 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 (A DSR) of the modem status register indicates this signal has changed
states since the last read from the modem status register. If the modem status interrupt is enabled when
DSR changes state, an interrupt is generated.

DTR 33 37 . 33 | O |Dataterminal 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, during
loop mode operation, or clearing the DTR bit.

INTRPT 30 33 30 | O |Interrupt. When active (high), INTRPT informs the CPU that the ACE has an interrupt to be serviced.
Four conditions that cause an interrupt to be issued are: a rece'kver error, received data is available or
timed out (FIFO mode only), the transmitter holding register is 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 35 I | Master reset. When active (high), MR clears most ACE registers and sets the state of various output
signals. Refer to Table 2. )

OuUT1 34 38 34 | O |Outputs 1 and 2. User-designated outputs that are set to their active low states by setting their

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

RCLK 9 10 5 I | Receiver clock. RCLK is the 16 baud rate clock for the receiver section of the AGE.
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Terminal Functions (Continued)

TERMINAL
NO. NO. NO. |VO DESCRIPTION
NAME "N EN  PT

RD1 21 24 19 | | Read inputs. When either input is active (low or high respectively) while the ACE is selected, the CPU

RD2 22 25 20 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., RD2 tied low or RD1 tied high).

Ri 3 43 4 1| 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.

RTS 32 36 32 O | Request to send. When active, RTS informs the modem or data set that the ACE is reédy to receive
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.

RXRDY 29 32 29 | O [Receiverready output. Receiver direct memory access (DMA) signalling is available with this terminal.
When operating in the FIFO mode, one of two types of DMA signalling can be selected using the FIFO
control register bit 3 (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), when there is at least one
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 time out 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).

SIN 10 11 7 | | Serial data input. Input from a connected communications device

SOuT 1" 13 8 O | Composite serial data output. Output to a connected communication device. SOUT is set to the marking
(set) state as a result of master reset.

TXRDY 24 27 23 | O | Transmitter ready output. Transmitter DMA signalling is available with this terminal. When operating in
the FIFO mode, one of two types of DMA signalling can be selected using 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 42 5-V supply voltage

Vss 20 22 18 Supply common

WR1 18 20 16 I | Write inputs. When either input is active (high or low respectively) and while the ACE is selected, the

WR2 19 21 17 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 16 18 14 | I/O | External clock. XIN and XOUT connect the ACE to the main timing reference (clock or crystal).

XOUT 17 19 15
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (see Note 1) ... oot -05Vto7V
Input voltage range atany input, V| ... ... e -05Vto7V
Output voltage range, Vo . ..o it e i i e -05Vto7V
Operating free-air temperature range, To . ...t e s 0°C to 70°C
Continuous total power dissipation at (or below) 70°C . ... ... 300 mW
Storage temperature range, Tapg -« .« cvvrrerneene ittt i —-65°C to 150°C
Case temperature for 10 seconds, Tc: FNpackage ............ ..o, 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N or PT 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 Vgg (ground).

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vo 4.75 5 525 \
High-level input voltage, V|H 2 Vce \
Low-level input voltage, V| -0.5 0.8 v
Operating free-air temperature, T 0 70 °C
electrical characteristics over recommended ranges of supply voitage and operating free-air
temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt mMAXx| uNiT

Vou¥  High-level output voltage IoH =—1mA 24 \
vort Low-level output voltage loL=1.6mA 0.4 \

Vcc =525V, Vgg =0,
h Input current Vi=0t05.25V, All other terminals floating 10 HA

Vcc =525V, Vgs =0,
loz High-impedance-state output current | Vo =0t05.25V, +20 MA

Chip selected in write mode or chip deselect

Vec=5.25V, Ta =25°C,
I Suppl i SIN, DSR, DCD, CTS, and Rl at2V, 10 mA
CcC upply curren All other inputs at 0.8V,  XTAL1 at 4 MHz,

No load on outputs, Baud rate = 50 kbit/s
Cj(cLK) Clock input capacitance 15 20 pF

i Vee=0, Vss=0,

Co(CLK) Clock outpu-t capacitance f=1 MHz, T2 25°C, 20 30 pF
Gi Input capacitance All other terminals grounded 6 10) pF
Co Output capacitance 10 20 pF

1 Al typical values are at Vg = 5 V, Ta = 25°C.
¥ These parameters apply for all outputs except XOUT.
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system timing requirements over recommended ranges of supply voltage and operating free-air

temperature
PARAMETER ALT. SYMBOL | FIGURE | TEST CONDITIONS | MIN MAX | UNIT
tcR Cycle time, read (ty7 + t4g + tdo) RC 87 ns
tow  Cycle time, write (twg + tds5 + tde) wC 87 ns
twi Pulse duration, clock high tXH 1 f = 9 MHz maximum 40 ns
tw2 Pulse duration, clock low XL 1 f = 9 MHz maximum 40 ns
tws Pulse duration, address strobe low tADS 2,3 9 ns
twe Pulse duration, write strobe tWR 2 40 ns
tw7 Pulse duration, read strobe tRD 3 40 ns
tws Pulse duration, master reset MR 1 us
tsu1 Setup time, address valid before ADST tas 2,3 8 ns
tsu2  Setup time, chip select valid before ADST tcs 2,3 8 ns
tsus  Setup time, data valid before WRT! or WR27T tps 2 15 ns
th1 Hold time, address low after ADST tAH 2,3 0 ns
h_t_h_g Hold time, chip select valid after ADST tcH 2,3 0 ns
th3  Hold time, chip select valid after WR1T or WR2! twes 2 10 ns
tha Hold time, address valid after WR1T or WR2! WA 2 10 ns
ths  Hold time, data valid after WR1T or WR2) tDH 2 5 ns
thg  Hold time, chip select valid after RD1T or RD2J tRCS 3 10 ns
th7y  Hold time, address valid after RD1T or RD2L tRA 3 20 ns
tgaT  Delay time, chip select valid before WR1{ or WR2T tcsw 2 7 ns
tysT  Delay time, address valid before WR1{ or WR2T tAw 2 7 ns
tge!  Delay time, write cycle, WR1T or WR2! to ADSL twe 2 40 ns
tqg7T  Delay time, chip select valid to RD1{ or RD2T tCSR 3 7 ns
tyg?  Delay time, address valid to RD1J or RD2T tAR 3 7 . ns
tdo Delay time, read cycle, RD17T or RD2! to ADS{ tRC 3 40 ns
ty10  Delay time, RD1 or RD2T to data valid tRVD 3 CL=75pF 45 ns
tq41  Delay time, RD1T or RD2! to floating data tHz 3 CL=75pF 20 ns

T Only applies when ADS is low

system switching characteristics over recommended ranges of supply voltage and operating
free-air temperature (see Note 2)

PARAMETER

ALT. SYMBOL

FIGURE

TEST CONDITIONS

MIN MAX

UNIT

tdis(R) Disable time, RD1T! or RD2.T to DDISTI

tRDD

3

20

ns

NOTE 2: Charge and discharge time is determined by Vo, VOH, and external loading.

baud generator switching characteristics over recommended ranges of supply voltage and

operating free-air temperature, C_ = 75 pF

PARAMETER ALT. SYMBOL | FIGURE | TEST CONDITIONS MIN MAX | UNIT
tw3 Pulse duration, BAUDOUT low tLw 1 f=9 MHz, CLK + 2 80 ns
twa Pulse duration, BAUDOUT high tHW 1 f=9MHz,CLK + 2 80 ns
td1 Delay time, XINT to BAUDOUT T BLD 1 75| ns
td2 Delay time, XINT{ to BAUDOUT{ tBHD 1 65| ns
'@‘ TEXAS
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receiver swnchmg characteristics over recommended ranges of supply voltage and operatmg
free-air temperature (see Note 3)

PARAMETER ALT. SYMBOL | FIGURE | TEST CONDITIONS MIN MAX | UNIT
td12 Delay time, RCLK to sample tscp 4 10 ns
Delay time, stop to set interrupt or read RCLK
1913 RBR to LS| interrupt or stop to RXRDY{ tSINT 45678 1 cycle
td14 Delay time, read RBR/LSR to reset interrupt low tRINT 4,5,6,7,8 CL=75pF 40 ns

NOTE 3: In the FIFO mode, the read cycle (RC) = 425 ns (minimum) between reads of the receiver FIFO and the status registers (interrupt
identification register or line status register).

transmitter switching characteristics over recommended ranges of supply voltage and operatmg
free-air temperature

PARAMETER ALT. SYMBOL | FIGURE | TEST CONDITIONS MIN MAX | UNIT
t15 3:&)2 Stig\slrirll;t‘;’a)l write (INTRPT low) to transmit YiRs 9 8 24 b:;;cll::t
ta1e Ei;lha)y time, stop (SOUT low) to interrupt (INTRPT tsTI 9 8 9 b:;cliz:t
t417 I(:I):ll'l?lg g_rp;,v\vl\)m THR high to reset interrupt R 9 CL=75pF 50 ns
td18 I(?SI-?;):; ;_rll_w:; ;:i)tial WR THR low to THRE interrupt tsl 9 16 32 b:;::clig:t
td19 ::I):ll‘% ;j??(;VI;;D IIR low to reset THRE interrupt YR 9 CL=75pF a5 ns
420 I(:i’:zla?:)tli ‘ti:)\e, WR THR high to TXRDY high Wi 10,41 CL=75pF 35 ns
a2 I(Daeclt?get)ime, start (SOUT low) to TXRDY low tsxA 10,11 CL=75pF s b:;;;):t

modem control switching characteristics over recommended ranges of supply voltage and
operating free-air temperature, C|_ = 75 pF

PARAMETER ALT. SYMBOL | FIGURE MIN MAX | UNIT
tgo2 Delay time, WR MCR low to output (RTS, DTR, OUT1, OUT2) low or high tMDO 12 50 ns
t4o3 Rﬁ% Ig!rn)elz‘irgn'::»dem interrupt (CTS, DSR, DCD) low to set interrupt tSIM 12 35 ns
tg24 Delay time, RD MSR low to reset interrupt (INTRPT) low tRIM 12 40 ns
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XIN

BAUDOUT
an)

BAUDOUT
(172)

BAUDOUT
am)

BAUDOUT
(I/N)
(N>3)

PARAMETER MEASUREMENT INFORMATION

l¢
| N

|
tw1 — 1 PED— ty2

_

\ 4

I 1)
ta1 —H‘—: : _’l—lk_ a2
| |
L L
| !
| |
tg — P
d [ | —‘P:‘—k— td2
F— tws P! |
e ol
e——— {(
)]
{&— 2 XIN Cycles —p !
| L¢———— (N-2) XIN Cycles —p!

Figure 1. Baud Generator Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

A0-A2  50% Valid Xso% Validt X 50%
|

: I‘—tsuz—PI |
RN

|

Cso, Cs1, CS2 so%X Valid X validt Xso%
| |
|

I
— |
WRT, WR2 50%)( Active Xso%
!

I

S\l
D7-DO { Valid Data

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

— tsyt —» h——

| th1

|
|
A0-A2 50%X Valid st% validt SO%X
|
[
|
|

|

|
| |
cso, cs1, Cs2 So%X Valid Xso% validt Xso%
| | T
| the —4—p |
|| + — ty7 |
[¢—ta7! ¥ f— th7t
—— tagt —>= e——t4o—>

|
RD1, RD2 SO%X Active XSO%
| |

tdis(R) —f‘—’} H— tdis(R)

| l
DDIS } X, 50% | A s0%
!

ta10 —le— |
a0 | e——ptn

[ |

D7-DO Valid Data

T Applicable only when ADS is low.

Figure 3. Read Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

x_]] M )

Py

l— 8CLKs <
Sample Clock h
TL16C450 Mode:
J
_\Start Data Blts 5-8 >< Parity / Stop \ /
Sample Clock ﬂ |l ll ﬂ ll n
L
12 |
|
INTRPT b /s0% 50%
(data ready) | | |
T
| |
s A My, e

|
INTRPT "
(RCV error) 50% ﬂSO AJ!
‘ |
RD1, RD2 l
(read RBR) SO%XA"“W ><

|<—td14 ——bl

RD1, RD2
(read LSR) 50% X ActlveX

Figure 4. Receiver Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION
SIN _\ / Data:(’élts 5-8 W
Sample Clock H ﬂ " ) “ n L |L “ “ n ll

| (( (FIFO at or above
Trigger-Level )T trigger level)
Interrupt % 50% 50%
(FCRS, 7 = 0, 0) |\_ _ (FIFO below
| | | trigger level)
13 —¥ r_ ta1q t—P|
(see Note A) |
u,.l'gﬂ: 50%  50% !
Interrupt (LSI) |
td14 —:‘*I

|
|
_ |
RD1 Active | |
(RD LSR) \_7[50% |
: |

BRHT Active

RD1
50%

(RD RBR) °\_/_

NOTE A: For a time out interrupt, t413 = 8 RCLKs.
Figure 5. Receiver FIFO First Byte (Sets DR Bit) Waveforms

Sample Clock . I H II u ll n

(C (FIFO at or above
1)

Time-Out or ' trigger level)
Trigger-Level %50% Sk 50%
Interrupt d | gfig:g%m\?:{)
td13

| | |
(seeNote A) 7 (€ . td14 J&—P

_______ -\ |
Line Status \ 50% 7'( Top Byte of FIFO * 50%
Interrupt (LSI)

1

| h

targ —— (¢ tg14 —1¢H |
| |

_ L
RDT, RD2
(RDLSR) X X5°°/°
| |
| |

RDT, RD2 X Activ;X 50% so%X Active
(RDRBR)

Previous Byte
Read From FIFO

NOTE A: For a time out interrupt, 413 = 8 RCLKs.
Figure 6. Receiver FIFO Bytes Other Than the First Byte (DR Internal Bit Already Set) Waveforms
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PARAMETER MEASUREMENT INFORMATION

— )
RD ¢
(RD RBR) 50% | Active

SIN : See Note A
(first byte) Stop |
|
Sample Clock || " }
s | |
d13
(see Note B) | | td14 —ﬂ—ﬂl

RXRDY 50% Sk

NOTES: A. This is the reading of the last byte in the FIFO.
B. For atime out interrupt, t413 = 8 RCLKs.

Figure 7. Receiver Ready (RXRDY) Waveforms, FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0)

_ ))
RD T .

A
o~

SIN | See Note A
(first byte that reaches ? \ |
the trigger level) I
Sample Clock ﬂ ll :
: |
td13 I
(see Note B) ‘_“I td14 —f——b}

RXRDY 50% 54; ;V 50%

NOTES: A. Thisis the reading of the last byte in the FIFO.
B. Foratime out interrupt, t413 = 8 RCLKs.

Figure 8. Receiver Ready (RXRDY) Waveforms, FCR = 1 or FCR3 = 1 (Mode 1)
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PARAMETER MEASUREMENT INFORMATION

{(
J

Start ) Start
sout 50% / Data Bits X Parity / Stop 50%
I
)] l

|
|
ta15 —‘i<—ﬂ td16—|h—~——ﬂll 50%
INTRPT .~ . . % °
| | |
| > tais, |
tc|17-PlI | : _HI ¢ ta17

|

|

|

|

WRTHR gg, 50% 50% |
1

T

td19 —’{ :‘—
|
RD IIR 50% :

Figure 9. Transmitter Timing Waveforms

(WR THR)

| - Start
SOUT Data X Parity >/ Stop 50%
T '
| ey
ta20 — M :4—— ta21 —F—Pll

TXRDY % 50% Sk 50%

Figure 10. Transmitter Ready (TXRDY) Waveforms, FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0)

- ——___\_Bytl#-ﬂi—}‘/ 0%
(WR THR)

Start
souTt Data X Parity >/ Stop W—
|

|
420 —b :4— ta21 _1‘*’:

|
TXRDY 50% % FIFO Full 5& 50%

Figure 11. Transmitter Ready (TXRDY) Waveforms, FCR0O = 1 and FCR3 = 1 (Mode 1)
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PARAMETER MEASUREMENT INFORMATION
(WR Mgv:) _/_\1\5"% N__
td22 H 422 —'ﬂ—’!
63_7?’66‘1.;—% \1\50% 50% }!/—
CTS, DSR, DCD \4}\ 50%

|
td23 —N"ll
} :LLF;;'I; 50% 50% 50%
| |
td24 —“I‘—H |
oo - le—— g3
(RD MSR) 5% |

a0 \ Jl/so%

Figure 12. Modem Control Timing Waveforms
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APPLICATION INFORMATION

oa
R SOuT »
D7-DO D7-DO SIN <
MEMR or I/OR — BT I
EM' I/ON __RD1 —.—RTS i
MEMW or wri OTR |—» EIA-
INTR N L 232-D Drivers <:>
INTRPT DSR ~ and Receivers
c RESET MR beD —
P A0 .
U A0 CTs|—¢
Al TL16C550B - P
B A (ACE) RI <
u
s A2 A2
ADS XIN
WR2
—— 3.072 MHz
L RD2
cs —
cs2 XouT
_I: Cs1 BAUDOUT :j
H CSo RCLK |
O = =

Figure 13. Basic TL16C550B Configuration

WR Receiver Disable e
| R1
>
\ TL16C550B
(ACE)
M. ut  SES—— =N — e\
icrocomputer {* pata Bus Data Bus D7-D0
System N———— 1 — b
\ );:I
8-Bit
Bus Transceiver < DDIS
Driver Disable

Figure 14. Typical Interface for a High-Capacity Data Bus
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APPLICATION INFORMATION

Terminal numbers shown are for the N package.

Figure 15. Typical TL16C550B Connection to a CPU

16

Alternate
Crystal Control

L

—

.|H

RXRDY [—

TL16C550B
XIN
\
A16-A23 A16-A23 )
Xout
12 BAUDOUT
cs RCLK
Address 13
Decoder 14 cs1
CPU cs2
DTR
ADS % ADS ——_RTS
OouT1
I 35 _
RSI/ABT |« > Do MR OUT2
Yy #4 Y ao-a7
ADO-AD15 Buffer D0-D7 _
Y \— — RI
PHH PHI2 DCD
k DSR
4 A TS
PHIH PHI2 ADS RSTO 21
RD RD1
TCU 18 SOUT
WR WR1
SIN
N INTRPT
ADO-AD15 _
TXRDY
2 1 pp2 DDIS
19 w2

GND | 20

(Vsg) =

| 40
5V
(Vee)

33 DO 0
32 D ;
34
31
39
e
2t ]
8
37
6
36 oq
5
11
1 2
10 0<}
3
30
24
23
7
29 7
~ EIA-232-D
Connector
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PRINCIPLES OF OPERATION

Table 1. Register Selection

pLaBt A2 A1l A0 REGISTER
0 L L L Receiver buffer (read), transmitter holding (write)
0 L L H Interrupt enable register
X L H L Interrupt identification register (read only)
X L H L FIFO control register (write)
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 divisorlatch 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 COESET . RESET STATE
Interrupt Enable Register Master Reset All bits cleared (bits 0~3 forced and bits 4—7 permanent)
Interrupt Identification Register Master Reset gi;;)riesdset, bits 13 are cleared, and bits 47 are permanently
FIFO Control Register Master Reset All bits cleared
Line Control Register Master Reset All bits cleared
Modem Control Register Master Reset All bits cleared (5—7 permanent)
Line Status Register Master Reset Bits 5 and 6 are set, all other bits are cleared
Modem Status Register Master Reset Bits 0—3 are cleared, 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
INTRPT (transmitter holding register empty) | Read IR/Write THR/MR | Low
INTRPT (modem status changes) Read MSR/MR Low
ouT2 Master Reset High
RTS Master Reset High
DTR Master Reset High
ouTT Master Reset High
Scratch Register Master Reset No effect
Divisor Latch (LSB and MSB) Registers Master Reset No effect
Receiver Buffer Registers Master Reset No effect
Transmitter Holding Registers Master Reset No effect
RCVR FIFO Mg | A bits low
XMIT FIFO MR/F;J'I:RCZ:;(I: CRO/ All bits low
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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
O0DLAB=0 ODLAB=0 1DLAB=0 2 2 3 4 5 6 7 ODLAB=1 1DLAB=1
Receiver Transmitter Interrupt FIFO
Bit Buffer Holding Interrupt Ident. Control Line Modem Line Modem Scratch Divisor Latch
No. Register Register Enable Register Register Control Control Status Status Register Latch (MSB)
(Read (Write Register (Read (Write Register Register Register Register eg! (LSB)
Only) Only) Only) Only)
RBR THR IER IR FCR LCR MCR LSR MSR SCR DLL DLM
Enable
Received ’ Word Data Delta
D. oif Length Data Cl
" . ata . FIFO Terminal ear . ” "
0 Data Bit OF Data Bit 0 interrupt Select Ready to Send Bit0O Bit0 Bit8
Available Pendint Enable BitO Ready (OR) 0 Sen
Interrupt 9 WLSO) (OTR) (ACTS)
(ERBI)
Enable
Transmitter Word Delta
Holding Interrupt Receiver Length Request Overrun Data
1 Data Bit 1 Data Bit 1 Register D FIFO Select to Send Error Set Bit1 Bit1 Bit9
Empty Bit (1) Reset Bit1 (RTS) (OE) Ready
Interrupt (WLS1) (ADSR)
(ETBEJ)
Enable Trailing
Receiver Interrupt | Transmitter Nur:fber Parity Edge Ring
2 Data Bit 2 Data Bit 2 Line Status 1D FIFO Stop Bits ouT1 Error Indicator Bit2 Bit2 Bit 10
Interrupt Bit (2) Reset (STB) (PE) (TERI)
(ELSI)
Enable Interrupt Delta
Modem D DMA Parity Framing Data ’
3 Data Bit 3 Data Bit 3 Status Bit (2) Mode Enable ouT2 Error Carrier Bit3 Bit3 Bit 11
Interrupt (see Select (PEN) (FE) Detect
(EDSSI) Note 4) (ADCD)
z"." Break O';a'
4 Data Bit 4 Data Bit 4 0 ] Reserved ity Loop Interrupt Bit4 Bit4 Bit 12
Select @) Send
(EPS) (CTS)
Transmitter Data
5 | DataBits | DataBits 0 0 Reserved | Stck 0 Holding Set Bit5 Bit5 Bit 13
Parity Register Ready
(THRE) (DSR)
ET::::d Receiver Break Transmitter Ring
6 Data Bit 6 Data Bit 6 0 Trigger 0 Empty Indicator Bit6 Bit6 Bit 14
(see (LSB) Control (TEMT) (Rl)
Note 4) )
Divisor Errorin
E:':;-IJ S d Receiver Latch . RCVR CDa Triaer
7 Data Bit 7 Data Bit 7 0 (seee Trigger Access ] FIFO Detect Bit7 Bit7 Bit 15
Note 4) (MSB) Bit (see (ooD)
(DLAB) Note 4)

1 Bit 0 is the least significant bit. It is the first bit serially transmitted or received.
NOTE 4: These bits are always 0 in the TL16C450 mode.
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FIFO control register (FCR)

The FCR is a write-only register at the same location as the IIR, which is a read-only register. The FCR enables
the FIFOs, clears the FIFOs, sets the receiver FIFO trigger level, and selects the type of DMA signalling.

Bit 0: FCRO, when set, enables the transmit and receive FIFOs. This bit must be set when other FCR bits are
written to or they are not programmed. Changing this bit clears the FIFOs.

® Bit1: FCR1, when set, clears all bytes in the receiver FIFO and clears its counter. The shift register is not
cleared. The one that is written to this bit position is self clearing.

® Bit2: FCR2, when set, clears all bytes in the transmit FIFO and clears its counter. The shift register is not
cleared. The one that is written to this bit position is self clearing.

® Bit 3: When FCRO is set, setting FCR3 causes the RXRDY and TXRDY to change from mode 0 to
mode 1.

Bits 4 and 5: FCR4 and FCRS5 are reserved for future use.
Bits 6 and 7: FCR6 and FCR7 set the trigger level for the receiver FIFO interrupt (see Table 5).

Table 4. Receiver FIFO Trigger Level

BIT7 BITE 'rRleEfaEll‘ésglf 1;31'55)
0 0 o1
0 1 04
1 0 08
1 1 14

FIFO interrupt mode operation

When the receiver FIFO and receiver interrupts are enabled (FCRO = 1, IERO = 1) receiver interrupt occur as
follows:

1. The receive data available interrupt is issued to the microprocessor when the FIFO has reached its
programmed trigger level. It is cleared when the FIFO drops below its programmed trigger level.

2. ThellRreceive data available indication also occurs when the FIFO trigger level is reached, and like the
interrupt, it is cleared when the FIFO drops below the trigger level.

3. The receiver line status interrupt (IIR = 0110) has higher priority than the received data available
interrupt (lIR = 0100).

4. The data ready bit (LSRO0) is set when a character is transferred from the shift register to the receiver
FIFO. It is cleared when the FIFO is empty.
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FIFO interrupt mode operation (continued)

When the receiver FIFO and receiver interrupts are enabled, receiver FIFO time-out interrupt occurs as follows:

1.

FIFO time-out interrupt occurs when the following conditions exist:
a. Atleast one character is in the FIFO.

b. The mostrecent serial character received is longer than four continuous character times ago (when
two stop bits are programmed, the second one is included in this time delay).

c. The most recent microprocessor read of the FIFO is longer than four continuous character times
ago. This causes a maximum character received to interrupt an issued delay of 160 ms at
300 baud with a 12-bit character.

Character times are calculated by using the RCLK input for a clock signal (makes the delay proportional
to the baud rate).

When a time-out interrupt has occurred, it is cleared and the timer is reset when the microprocessor
reads one character from the receiver FIFO.

When a time-out interrupt has not occurred, the time-out timer is reset after a new character is received
or after the microprocessor reads the receiver FIFO.

When the transmit FIFO and transmitter interrupts are enabled (FCRO = 1, IER1 = 1), transmit interrupts occur
as follows:

1.

The transmitter holding régister interrupt (02) occurs when the transmit FIFO is empty. It is cleared as
soon as the THR is written to (1 to 16 characters may be written to the transmit FIFO while servicing this
interrupt) or the IIR is read.

The transmit FIFO empty indications are delayed one character time minus the last stop bit time when
the following occurs: THRE = 1 and there have not been at least two bytes at the same time in the
transmit FIFO since the last THRE = 1. The first transmitter interrupt after changing FCRO is immediate
when it is enabled. ‘ '

Character time-out and receiver FIFO trigger level interrupts have the same priority as the current received data
available interrupt; transmit FIFO empty has the same priority as the current THRE interrupt.

FIFO polled mode operation

When FCRO is set, clearing IERO, IER1, IER2, IERS, or all four puts the ACE in the FIFO polled mode of
operation. Since the receiver and transmitter are controlled separately, either one or both can be in the polled
mode of operation.

In this mode, the user program checks receiver and transmitter status via the LSR. As stated previously:

LSRO is set as long as there is one byte in the receiver FIFO.

LSR1 — LSR4 specify which error(s) have occurred. Character error status is handled the same way as
when in the interrupt mode; the IR is not affected since IER2 = 0.

LSR5 indicates when the transmit FIFO is empty.
LSR6 indicates that both the transmit FIFO and shift registers are empty.
LSR?7 indicates whether there are any errors in the receiver FIFO.

There is no trigger level reached or time-out condition indicated in the FIFO polled mode. However, the receiver
and transmit FIFOs are still fully capable of holding characters.

2-108

*? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL16C550B
ASYNCHRONOUS COMMUNICATIONS ELEMENT

SLLS136A — JANUARY 1994 — REVISED MARCH 1996

PRINCIPLES OF OPERATION

interrupt enable register (IER)

The IER enables each of the five 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 Table3 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 (IIR)

The ACE has an on-chip interrupt generation and prioritization capability that permits a flexible interface with
most popular 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 that 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. Detail on each bit are as follows:

Bit0: This bit can be used either in 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.

Bit 3. This bit is always cleared in the TL16C450 mode. In FIFO mode, this bit is set with bit 2 to indicate
that a time out interrupt is pending.

Bits 4 — 5: These two bits are not used and are always cleared.

Bits 6 and 7: These two bits are always cleared in the TL16C450 mode. They are set when bit 0 of the FIFO
control register is set.
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interrupt identification register (lIR) (continued)

Table 5. Interrupt Control Functions

INTERRUPT
IDENTIFICATION PRIORITY INTERRUPT RESET
REGISTER LEVEL INTERRUPT TYPE INTERRUPT SOURCE METHOD
BIT3 | BIT2 |BIT1 | BITO
0 0 0 1 None None None None
. i QOverrun error, parity error, . . .
0 1 1 0 1 Receiver line status framing error or break interrupt Reading §he line status register
Receiver data available in the " "
0 1 0 0 2 Received data available | TL16C450 mode or trigger level Ze?;‘:? the receiver buffer
reached in the FIFO mode. 9
No characters have been
removed from or input to the
1 1 0 0 2 Character time out receiver FIFO during the last Reading the receiver buffer
indication four character times, and there | register
is at least one character in it
during this time
Reading the interrupt
0 0 1 0 3 Transmitter holding Transmitter holding register— identification register (if source
register empty empty of interrupt) or writing into the
transmitter holding register
Clear to send, data set ready, "
4] 0 0 4] 4 Modem status ring indicator, or data carrier Re‘i'dmg the modem status
detect register

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 in Table 6.

Table 6. Serial Character Word Length

BIT 1 BITO 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 clocks only the first stop bit,
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 7.
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line control register (LCR) (continued)

Table 7. Number of Stop Bits Generated

BIT2 WORD LENGTH SELECTED | NUMBER 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

® Bit3: This bitis 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.

® Bit4: 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 in the data and parity bits) is selected. When parity is enabled and bit 4 is
cleared, odd parity (an odd number of logic 1s) is selected.

® Bit5: 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. When
bit 5 is cleared, stick parity is disabled.

® Bit6: This bit is the break control bit. Bit 6 is set to force a break condition; i.e., a condition where SOUT
is forced to the spacing (cleared) state. When bit 6 is cleared, the break condition is disabled and has no
affect on the transmitter logic; it only effects the serial output.

® Bit7: 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 bulleted list.

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

® Bit 1¥: This bit is the overrun error (OE) indicator. When bit 1 is set, it indicates that before the character
in the RBR is read, it is overwritten by the next character transferred into the register. The OE indicator is
cleared every time the CPU reads the contents of the LSR. If the FIFO mode data continues to fill the FIFO
beyond the trigger level, an overrun error occurs only after the FIFO is full and the next character has been
completely received in the shift register. An OE is indicated to the CPU as soon as it happens. The character
in the shift register is overwritten, but it is not transferred to the FIFO.

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

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. In the FIFO mode, this error is associated with the particular character
in the FIFO to which it applies. This error is revealed to the CPU when its associated character is at the top
of the FIFO.

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.
In the FIFO mode, this error is associated with the particular character in the FIFO to which it applies. This
error is revealed to the CPU when its associated character is at the top of the FIFO. The ACE tries to
resynchronize after a framing error. To accomplish this, it is assumed that the framing error is due to the
next start bit. The ACE samples this start bit twice and then accepts the input data.

Bit 4%: This bit is the break interrupt (Bl) indicator. When bit 4 is set, it indicates that the received data input
was held cleared 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. In the FIFO mode, this error is associated with the particular character in the FIFO to
which it applies. This error is revealed to the CPU when its associated character is at the top of the FIFO.
When a break occurs, only one 0 character is loaded into the FIFO. The next character transfer is enabled
after SIN goes to the marking state and receives the next valid start bit.

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, 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. In the FIFO mode, this bit is set when the
transmit FIFO is empty; it is cleared when at least one byte is written to the transmit FIFO.

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

Bit7: Inthe TL16C550B mode, this bit is always cleared. in the TL16C450 mode, this bit is always cleared.
In the FIFO mode, LSR7 is set when there is at least one parity, framing, or break error in the FIFO. It is
cleared when the microprocessor reads the LSR and there are no subsequent errors in the FIFO.

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 low state. 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 (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.

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

Bit 3: This bit (OUT2) controls the output 2 (OUT2) signal, a user-designated output signal, in a manner
identical to bit O’s control over the DTR output.

Bit4: This bit provides a local loop back feature for diagnostic testing of the ACE. When this bit is set, the
following occurs:

— The SOUT is set high.

— The SIN is disconnected.

- The outpuf of the TSR is looped back into the receiver shift register input.

—  The four modem control inputs (CTS, DSR, DCD, and RI) are disconnected.

— The four modem control outputs (DTR, RTS, OUT1, and OUT2) are internally connected to the four
modem control inputs.

— The four modem control outputs are forced to their inactive (high) states.

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’s 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 — 7: These bits are permanently 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 provide 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 change in clear-to-send (ACTS) indicator. Bit O 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 change in data set ready (ADSR) 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 bit is the trailing edge of the ring indicator (TERI) detector. Bit 2 indicates that the Rl 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 change in data carrier detect (ADCD) indicator. Bit 3 indicates that the DCD 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 1 (DTR).
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modem status register (MSR) (continued)

® Bit6: This bit is the complement of the ring indicator (RI) input. When bit 4 (loop) of the MCR is set, 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,
bit 7 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 8 MHz
and divides it by a divisor in the range between 1 and (216—1). The output frequency of the baud generator is
16x the baud rate. The formula for the divisor is:

divisor # = XIN 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 8 and 9 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 kbit/s 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 16 for examples of typical
clock circuits.

Table 8. 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 2.86
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programmable baud generator (continued)

Driver

External XIN

Clock

Optional
Driver
Optional XOUuT
Clock
Output

Table 9. 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
Vee Vee
XIN

5t
o

Oscillator Clock
to Baud Generator
Logic

Oscillator Clock
to Baud Generator
Logic

T
TYPICAL CRYSTAL OSCILLATOR NETWORK
CRYSTAL Rp RX2 C1 Cc2
3.1 MHz 1 MQ 1.5kQ 10-30 pF 40-60 pF
1.8 MHz 1 MQ 1.5kQ 10-30 pF 40-60 pF

Figure 16. Typical Clock Circuits
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receiver buffer register (RBR)

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

The ACE RSR receives serial data from the SIN terminal. The RSR then deserializes the data and moves itinto
the RBR FIFO. In the TL16C450 mode, when a character is placed in the receiver buffer register 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. In the FIFO mode, the interrupts are generated based on the control setup in the FIFO
control register.

scratch register

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

transmitter holding register (THR)

The ACE transmitter section consists of a THR and a transmitter shift register (TSR). The THR is actually a
16-byte FIFO. Timing is supplied by the baud out (BAUDOUT) clock signal. Transmitter section control is a
function of the ACE’s line control register.

The ACE THR receives data off the internal data bus and when the shift register is idle, moves it into the TSR.
The TSR serializes the data and outputs it at the SOUT. In the TL16C450 mode, 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. In the FIFO mode, the interrupts are generated based on
the control setup in the FIFO control register.
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® Programmable Auto-RTS and Auto-CTS

® In Auto-CTS Mode, CTS Controls
Transmitter

® In Auto-RTS Mode, RCV FIFO Contents and
Threshold Control RTS

©® Serial and Modem Control Outputs Drive a
RJ11 Cable Directly When Equipment Is on
the Same Power Drop

® Capable of Running With All Existing
TL16C450 Software

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

® Up to 16-MHz Clock Rate for Up to 1-Mbaud
Operation

©® In the TL16C450 Mode, Hold 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

® Independent Receiver Clock Input

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

® 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 1 Mbit/s)

©® False-Start Bit Detection

® Complete Status Reporting Capabilities

©® 3-State Output 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, and Framing
Error Simulation

® Fully Prioritized Interrupt System Controls

Clock ® Modem Control Functions (CTS, RTS, DSR,
® Standard Asynchronous Communication DTR, RI, and DCD)

Bits (Start, Stop, and Parity) Added to or

Deleted From the Serial Data Stream

description

The TL16C550C is a functional upgrade of the TL16C550B asynchronous communications element (ACE),
which in turn is a functional upgrade of the TL16C450. Functionally equivalent to the TL16C450 on power up
(character or TL16C450 mode), the TL16C550C, like the TL16C550B, can be placed in an alternate mode
(FIFO mode). This relieves the CPU of excessive software overhead by buffering received and transmitted
characters. The receiver and transmitter FIFOs store up to 16 bytes including three additional bits of error status
per byte for the receiver FIFO. In the FIFO mode, there is a selectable autoflow control feature that can
significantly reduce software overload and increase system efficiency by automatically controlling serial data
flow using RTS output and CTS input signals.

The TL16C550C 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 the ACE status at any time.
The ACE includes complete modem control capability and a processor interrupt system that can be tailored to
minimize software management of the communications link.

The TL16C550C ACE includes a programmable baud rate generator capable of dividing a reference clock by
divisors from 1 to 65535 and producing a 16x reference clock for the internal transmitter logic. Provisions are
included to use this 16x clock for the receiver logic. The ACE accommodates a 1-Mbaud serial rate (16-MHz
input clock) so that a bit time is 1 us and a typical character time is 10 ps (start bit, 8 data bits, stop bit).

Two of the TL16C450 terminal functions on the TL16C550C have been changed to TXRDY and RXRDY, which
provide signaling to a DMA controller.

PRODUCTION DATA information is current as of lication date.
Products conform to specifications per the dw:o?' exas Instruments
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detailed description

autoflow control

Auto-flow control is comprised of auto-CTS and auto-RTS. With auto-CTS, the CTS input must be active before
the transmitter FIFO can emit data (see Figure 1). With auto-RTS, RTS becomes active when the receiver needs
more data and notifies the sending serial device (see Figure 1). When RTS is connected to CTS, data
transmission does not occur unless the receiver FIFO has space for the data; thus, overrun errors are eliminated
using ACE1 and ACE2 from a TLC16C550C with the autoflow control enabled. If not, overrun errors occur when
the transmit data rate exceeds the receiver FIFO read latency.

ACE1 ACE2
¢ Serialto |  SIN SOUT Parallel | _
¢ Parallel —4 toSerial |
RCV XMT
FIFO RTE =TS FIFO
Flow a Flow >
’ Control g Control
D7-D0 —<4—» r—- D7-DO
I Parallel sout o SIN Serialto |
to Serial g Parallel
» XMT RCV
FIFO FIFO
¢ Flow CcTS - RTS Flow -
Control - Control |

Figure 1. Autoflow Control (Auto-RTS and Auto-CTS) Example

auto-RTS (see Figure 1)

Auto-RTS data flow control originates in the receiver timing and control block (see functional block diagram)
and is linked to the programmed receiver FIFO trigger level. When the receiver FIFO level reaches a trigger level
of 1, 4, or 8 (see Figure 3), RTS is deasserted. With trigger levels of 1, 4, and 8, the sending ACE may send
an additional byte after the trigger level is reached (assuming the sending ACE has another byte to send)
because it may not recognize the deassertion of RTS until after it has begun sending the additional byte. RTS
is automatically reasserted once the RCV FIFO is emptied by reading the receiver buffer register.

When the trigger level is 14 (see Figure 6), RTS is deasserted after the first data bit of the 16th character is
present on the SIN line. RTS is reasserted when the RCV FIFO has at least one available byte space.

auto-CTS (see Figure 1)

The transmitter circuitry checks CTS before sending the next data byte. When CTS is active, it sends the next
byte. To stop the transmitter from sending the following byte, CTS must be released before the middle of the
last stop bit that is currently being sent (see Figure 2). The auto-CTS function reduces interrupts to the host
system. When flow control is enabled, CTS level changes do not trigger host interrupts because the device
automatically controls its own transmitter. Without auto-CTS, the transmitter sends any data present in the
transmit FIFO and a receiver overrun error may result.

enabling autoflow control and auto-CTS

Auto-flow control is enabled by setting modem control register bits 5 (autoflow enable or AFE) and 1 (RTS) to
1. Auto-flow incorporates both auto-RTS and auto-CTS. When only auto-CTS is desired, bit 1 in the modem
control register should be cleared (this assumes that a control signal is driving CTS).
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auto-CTS and auto-RTS functional timing

{
)
SOuUT Start | Bits 0-7| Stop \ Start | Bits 0—7I Stop

CcTS

Start | Bits 0-7 stop

har

/ \

NOTES: A. When CTS is low, the transmitter keeps sending serial data out.

ﬁ'fg / —('(I
RD =7
(RD RBR) \VAVAN YAACEYVA
o sy A

B. If CTS goes high before the middle of the last stop bit of the current byte, the transmitter finishes sending the current byte but it does

not send the next byte.
C. When CTS goes from high to low, the transmitter begins sending data again.

Figure 2. CTS Functional Timing Waveforms

The receiver FIFO trigger level can be set to 1, 4, 8, or 14 bytes. These are described in Figures 3 and 4.

~ N i i
SIN Start Stop Start | Byte N+1 | stop ' Start Byte Stop

e e o e e e s e e e . e, o]

NOTES: A. N=RCV FIFO trigger level (1, 4, or 8 bytes)

RTS First Data Bit of Byte 16

(RD RBR)
NOTES: A.

B. The two blocks in dashed lines cover the case where an additional byte is sent as described in the preceding auto-RTS section.

Figure 3. RTS Functional Timing Waveforms, RCV FIFO Trigger Level = 1,4, or 8 Bytes

SIN = \ [Bvte1s] '\ [Byte1s| \start |Byte 16| stop

RTS Released After the

RD

sixteenth byte.

B. RTSis asserted again when there is at least one byte of space available and no incoming byte is in processing or there is more than

one byte of space available. :
C. When the receive FIFQ is full, the first receive buffer register read reasserts RTS:

Figure 4. RTS Functional Timing Waveforms, RCV FIFO Trigger Level = 14 Bytes
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functional block diagram

S
e
1 Receiver
Internal "3 e < FIFO <
Data Bus c Lo 8
t| 7
- A —
eceiver
| 10
8-1 Data A | Receiver |-« shit | —¢——— SIN
D(7-0)=——g=p— Bus +> Buffer Register
Buffer Register |4
A
A 4
B Receiver ——4—2 RCLK
P Clt;lnntiol ¥ Timing and
Register Control 32 ____
RTS
28
A0 —
U a— Divisor
26 Latch (LS) Baud 15
2 Dk Divisor > Generator > BAUDOUT
12 A
cso Latch (MS) v
13 Autoflow
cst 14 T it Control
— . ransmitter AFE
CSZ( <+> Slzla';zs Dl Timing and (AFE)
ADS 25 Register < Control
MR 35 Select T
21 and - Transmitter S A L g
RD1 Control > FIFO e v
22 Logic 1
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NOTE A: Terminal numbers shown are for the N package.
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Terminal Functions

TERMINAL
NO. NO. NO. | VO DESCRIPTION
NAME — 'N" EN  PT '

A0 28 31 28 | | Register select. AO—A2 are used during read and write operations to select'the ACE register to read

Al 27 3 27 from or write to. Refer to Table 1 for register addresses and refer to ADS description.

A2 26 29 26

ADS 25 28 24 | | Address strobe. When ADS is active (low), A0, A1, and A2 and CS0, CS1, and CS2 drive the internal
select logic directly; when ADS is high, the register select and chip select signals are held at the logic
levels they were in when the low-to-high transition of ADS occurred.

BAUDOUT 15 17 12 | 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 RCLK.

CSo 12 14 9 | | Chip select. When CS0and CS1 are high and CS2 is low, these three inputs select the ACE. When any

CS1 13 15 10 of these inputs are inactive, the ACE remains inactive (refer to ADS description).

Cs2 14 16 1

CTS 36 40 38 | | Clear to send. CTS is a modem status signal. Its condition can be checked by reading bit 4 (CTS) of
the modem status register. Bit 0 (ACTS) of the modem status register indicates that CTS has changed
states since the last read from the modem status register. If the modem status interrupt is enabled when
CTs changes levels and the auto-CTS mode is not enabled, an interruptis generated. CTS is also used
in the auto-CTS mode to control the transmitter.

Do 1 2 43 | 1/O | Data bus. Eight data lines with 3-state outputs provide a bidirectional path for data, control, and status

D1 2 3 44 information between the ACE and the CPU.

D2 3 4 45

D3 4 5 46

D4 5 6 47

D5 6 7 2

D6 7 8 3

D7 8 9 4

DCD 38 42 40 | | 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 (ADCD) of the modem status register indicates that DCD has
changed states since the last read from the modem status register. If the modem status interrupt is
enabled when DCD changes levels, an interrupt is generated.

DDIS 23 26 22 | O |Driverdisable. DDIS s active (high) when the CPU is not reading data. When active, DDIS can disable
an external transceiver.

DSR 37 41 39 | | Data set ready. DSR is a modem status signal. lts condition can be checked by reading bit 5 (DSR) of
the modem status register. Bit 1 (ADSR) of the modem status register indicates DSR has changed
levels since the last read from the modem status register. If the modem status interrupt is enabled when
DSR changes levels, an interrupt is generated.

DTR 33 37 33 | O |Dataterminal 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 level by setting the DTR bit of the modem control
register. DTR is placed in the inactive level either as a result of a master reset, during loop mode
operation, or clearing the DTR bit.

INTRPT 30 33 30 | O |linterrupt. When active (high), INTRPT 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 that is available
or timed out (FIFO mode only), an empty transmitter holding register, or an enabled modem status
interrupt. INTRPT is reset (deactivated) either when the interrupt is serviced or as a result of a master
reset.

MR 35 39 35 | | Master reset. When active (high), MR clears most ACE registers and sets the levels of various output
signals (refer to Table 2).
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Terminal Functions (Continued)

TERMINAL
NO. NO. NoO. |VO DESCRIPTION
NAME  "N" EN T

OuUT1 34 38 34 | O |Outputs 1 and 2. These are user-designated output terminals that are set to the active (low) level by

OouT2 31 35 31 setting respective modem control register (MCR) bits (OUT1 and OUT2). OUT1 and OUT2 are set to
inactive the (high) level as a result of master reset, during loop mode operations, or by clearing bit 2
(OUT1) or bit 3 (OUT2) of the MCR.

RCLK 9 10 5 | | Receiver clock. RCLK is the 16x baud rate clock for the receiver section of the ACE.

RD1 21 24 19 1 | Read inputs. When either RD1 or RD2 is active (low or high respectively) while the ACE is selected,

RD2 2 25 20 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 to its
inactive level (i.e., RD2 tied low or RD1 tied high).

RI 39 43 41 I | 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 Rl has transitioned from
a low to a high level 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 36 32 | O [Requesttosend. When active, RTS informs the modem or data set that the ACE is ready to receive
data. RTS is set to the active level by setting the RTS modem control register bit and is set to the inactive
(high) level either as a result of a master reset or during loop mode operations or by clearing bit 1 (RTS)
ofthe MCR. Inthe auto-RTS mode, RTS is setto the inactive level by the receiver threshold control logic.

RXRDY 29 32 29 | O |Receiver ready. Receiver direct memory access (DMA) signalling is available with RXRDY. When
operating in the FIFO mode, one of two types of DMA signalling can be selected using the FIFO control
register bit 3 (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), when there is at least one 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 time-out 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).

SIN 10 M 7 | | Serial data input. SIN is serial data input from a connected communications device

SOUT 11 13 8 O | Serial data output. SOUT is composite serial data output to a connected communication device. SOUT
is set to the marking (high) level as a result of master reset.

TXRDY 24 27 23 | O | Transmitter ready. Transmitter DMA signalling is available with TXRDY. When operating in the FIFO
mode, one of two types of DMA signalling can be selected using FCR3. When operating in the
TL16C450 mode, only DMA mode O 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 42 5-V supply voltage

Vss 20 22 18 Supply common

WR1 18 20 16 | | Write inputs. When either WR1 or WR2 is active (low or high respectively) and while the ACE is

WR2 19 21 17 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 to its
inactive level (i.e., WR2 tied low or WR1 tied high).

XIN 16 18 14 | /O | External clock. XIN and XOUT connect the ACE to the main timing reference (clock or crystal).

XOouT 17 19 15
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vg (see Note 1)
Input voltage range at any input, V|
Output voltage range, Vo
Operating free-air temperature range, Tp
Storage temperature range, Tstg
Case temperature for 10 seconds, Tg: FN package

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N or PT package

-05Vto7V
-05Vto7V
-05Vto7V

0°C to 70°C
—-65°C to 150°C
260°C

T 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 Vgg.

recommended operating conditions

MIN NOM MAX| UNIT
Supply voltage, Voo 4.75 5 5.25 Vv
High-level input voltage, Vi 2 Vce \
Low-level input voltage, V|_ -0.5 0.8 \
Operating free-air temperature, Ta 0 70 °C

electrical characteristics over recommended ranges of supply voltage
temperature (unless otherwise noted)

and operating free-air

PARAMETER TEST CONDITIONS MIN TYP¥ MAX| UNIT

V0H§ High-level output voltage IoH=-1mA 24 \'

Vor$ Low-level output voltage loL=16mA 0.4 \
Vce =525V, Vss =0,

I' Input current Vi=0t05.25V, All other terminals floating 10 KA
Vcc =525V, Vgg =0,

loz High-impedance-state output current |Vo=01t05.25V, +20 pA
Chip selected in write mode or chip deselect
Vce=5.25V, Tp =25°C,
SIN, DSR, DCD, CTS, and Rl at2 V,

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

Ci(cLK) _ Clock input capacitance . 15 20 pF

" V =0 Vgg =0
C Clock output t cc="5, §s=1 20 30 F
o(CLK) Clock ou pu. capacitance f=1MHz, Taz 25°C, pl
Ci Input capacitance All other terminals grounded 6 10 pF
Co Output capacitance 10 20 pF

¥ All typical values are at Voc = 5V and T = 25°C.
§ These parameters apply for all outputs except XOUT.
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system timing requirements over recommended ranges of supply voltage and operating free-air

temperature
ALT. SYMBOL | FIGURE | TEST CONDITIONS MIN MAX | UNIT
tcR Cycle time, read (ty7 + tdg + tdo) RC 87 ns
tew  Cycle time, write (tye + tg5 + tqe) WC 87 ns
twi Pulse duration, clock high tXH 5 f =16 MHz Max 25 ns
tw2 Pulse duration, clock low XL 5 f =16 MHz Max 25 ns
tws  Pulse duration, ADS low tADS 6,7 9 ns
twe  Pulse duration, WR tWR 6 40 ns
tw7  Pulse duration, RD tRD 7 40 ns
tws Pulse duration, MR MR us
tsu1  Setup time, address valid before ADST tAS 6,7 ns
tsu2  Setup time, CS valid before ADST tcs 6,7 ns
tsuy3  Setup time, data valid before WRT{ or WR2T tbs 6 15 ns
tsu4  Setup time, CTST before midpoint of stop bit 17 10 ns
thi Hold time, address low after ADST tAH 6,7 ns
the  Hold time, CS valid after ADST tcH 6,7 ns
th3 Hold time, CS valid after WR1T or WR2! twcs 6 10 ns
tha Hold time, address valid after WR1T or WR2J tWA 6 10 ns
ths Hold time, data valid after WR1T or WR2{ tDH 6 5 ns
the Hold time, chip select valid after RD1T or RD2J, tRCS 7 10 ns
th7 Hold time, address valid after RD17T or RD2) tRA 7 20 ns
tya4t  Delay time, CS valid before WR1{ or WR27T tcsw 6 7 ns
tgst  Delay time, address valid before WR1{ or WR2T tAW 6 7 ns
tget  Delay time, write cycle, WR1T or WR2{ to ADS! twe 6 40 ns
g7l Delay time, CS valid to RD1 or RD2T tcSR 7 ns
tys?  Delay time, address valid to RD1! or RD2T taR 7 7 ns
) Delay time, read cycle, RD1T or RD2{ to ADS! tRC 7 40 ns
t4y10  Delay time, RD1! or RD2T to data valid tRVD 7 CL=75pF 45 ns
t411  Delay time, RD17T or RD2! to floating data tHz 7 CL=75pF 20 ns

t Only applies when ADS is low

system switching characteristics over recommended ranges of supply voltage and operating
free-air temperature (see Note 2)

PARAMETER

ALT. SYMBOL

FIGURE

TEST CONDITIONS MIN MAX | UNIT

tdis(R)

Disable time, RD14T or RD2T{ to DDISTL

tRDD

7

CL=75pF 20 ns

NOTE 2: Charge and discharge times are determined by Vo , VOH, and external loading.

baud generator switching characteristics over recommended ranges of supply voltage and

operating free-air temperature, C|_= 75 pF

PARAMETER ALT. SYMBOL | FIGURE | TEST CONDITIONS MIN MAX | UNIT
tw3 Pulse duration, BAUDOUT low tLw 5 f=16 MHz, CLK+2 50 ns
twa Pulse duration, BAUDOUT high tHW 5 |f=16MHz, CLK+2 50 ns
td1 Delay time, XINT to BAUDOUTT tBLD 5 45| ns
tg2 Delay time, XINT{ to BAUDOUT{ tBHD 5 45| ns
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receiver switching characteristics over recommended ranges of supply voltage and operating
free-air temperature (see Note 3)

PARAMETER ALT. SYMBOL | FIGURE TEST CONDITIONS MIN MAX | UNIT
td12 Delay time, RCLK to sample tscb 8 10 ns
t Delay time, stop to set INTRPT or read N 8,9, 10, 1 RCLK
d13 RBR to LS interrupt or stop to RXRDY{ - SINT 11,12 cycle
tq14  Delay time, read RBRILSR to reset INTRPT tRINT 89 10 CL=T75pF 70{ ns
NOTE 3: Inthe FIFO mode, the read cycle (RC) = 425 ns (min) between reads of the receive FIFO and the status registers (interrupt identification

register or line status register).

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

PARAMETER ALT. SYMBOL | FIGURE TEST CONDITIONS MIN MAX | UNIT
A . . baudout
tq15  Delay time, initial write to transmit start YRs 13 8 24 cycles
t Delay time, start to INTRPT t 13 8 1o Paudout
d16 y time, STI cycles
t4g17  Delay time, WR (WR THR) to reset INTRPT tHR 13 CL=75pF 50| ns
tg1g  Delay time, initial write to INTRPT (THRET) tg) 13 16 34 bca;‘c‘:::t
Delay time, read IIR to reset INTRPT
ld19 (THF{ET) R 13 CL=75pF 35| ns
tg2o  Delay time, write to TXRDY inactive twxi 14,15 CL=75pF 35 ns
tge1  Delay time, start to TXRDY active tSXA 14,15 CL=75pF 9 b:;j::'

T THRE = transmitter holding register empty; IIR = interrupt identification register.

modem control switching characteristics over recommended ranges of supply voltage and
operating free-air temperature, Ci_= 75 pF

PARAMETER ALT. SYMBOL | FIGURE MIN MAX | UNIT
td22 Delay time, WR MCR to output tMDO 16 50 ns
td23 Delay time, modem interrupt to set INTRPT tsiM 16 35 ns
tdo4 Delay time, RD MSR to reset INTRPT RIM 16 40 ns

: == t
tags  Delay time, CTS low to SOUTL 17 24 | Paudou
tgos  Delay time, RCV threshold byte to RTST 18 2 bj%,’gg’
tdo7 Delay time, read of last byte in receive FIFO to RTS{ 18 2 b:;:gg:‘(
td2g Delay time, first data bit of 16th character to RTST 19 2 bg;gg: t
typg  Delay time, RBRRD low to RTS{ 19 2 | Dot

i
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PARAMETER MEASUREMENT INFORMATION
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Figure 5. Baud Generator Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION
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Figure 6. Write Cycle Timing Waveforms
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Figure 7. Read Cycle Timing Waveforms

“9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-129



TL16C550C
ASYNCHRONOUS COMMUNICATIONS ELEMENT
WITH AUTOFLOW CONTROL

SLLS177B - MARCH 1994 — REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION

x| T, 1
17 '
ﬁ"" d12
e 8 CLKs »|
Sample Clock h

TL16C450 Mode:

SIN \ Start / Data Btts 5-8 X Parity / Stop \ /
Sample Clock II n u " n u
. qe
12 l i

|

|

|

T

|

|

INTRPT

50% 50%
(data ready) | |
|
taiz —» :‘_ td14 —:4—»;
INTRPT o
(RCV error) 50% | 50%|
|
L

|
RD1, RD2 '
(read RBR) ‘ 5°%XActive ><
|
|
RD1, RD2 ’
(read LSR) 50% X Active >K{
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Figure 9. Receive FIFO First Byte (Sets DR Bit) Waveforms
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Figure 10. Receive FIFO Bytes Other Than the First Byte (DR Internal Bit Already Set) Waveforms
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NOTE A: This is the reading of the last byte in the FIFO.
Figure 11. Receiver Ready (RXRDY) Waveforms, FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0)
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Figure 12. Receiver Ready (RXRDY) Waveforms, FCRO = 1 or FCR3 = 1 (Mode 1)

~

‘4‘ TeExAS
INSTRUMENTS

2-132 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL16C550C
ASYNCHRONOUS COMMUNICATIONS ELEMENT
WITH AUTOFLOW CONTROL

SLLS177B — MARCH 1994 — REVISED MARCH 1996

PARAMETER MEASUREMENT INFORMATION

{(

Start 3y Start
souT 50% / Data Bits X Parity / Stop 50%
| | — !
td15 ¢ td16 ——'4——'}
INTRPT | '
(THRE) 50% 50% \ 50% 50% m_

|
! |
> ta1s | |

tdndl - { —’t — ta17 :
__ |

WR o
(WR THR) SM |

ta19 —» :1—

|

|
RD IR /E’\L_

Figure 13. Transmitter Timing Waveforms
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Figure 14. Transmitter Ready (TXRDY) Waveforms, FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0)
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Figure 15. Transmitter Ready (TXRDY) Waveforms, FCRO = 1 and FCR3 = 1 (Mode 1)
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Figure 16. Modem Control Timing Waveforms
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Figure 18. Auto-RTS Timing for RCV Threshold of 1, 4, or 8 Waveforms
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Figure 19. Auto-RTS Timing for RCV Threshold of 14 Waveforms

APPLICATION INFORMATION
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Figure 20. Basic TL16C550C Configuration
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Figure 21. Typical Interface for a High Capacity Data Bus
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Figure 22. Typical TL16C550C Connection to a CPU
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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 L FIFO control register (write)
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 4).

Table 2. ACE Reset Functions

REGISTER/SIGNAL RESET CONTROL RESET STATE
Interrupt Enable Register Master Reset All bits cleared (0-3 forced and 4~7 permanent)
Interrupt ldentification Register Master Reset Eietrg;srlgﬁ}tiybti;z;r’etzf 3,6, and 7 are cleared, and bits 4-5 are
FIFO Control Register Master Reset All bits cleared
Line Control Register Master Reset All bits cleared
Modem Control Register Master Reset All bits cleared (6—7 permanent)
Line Status Register Master Reset Bits 5 and 6 are set; all other bits are cleared
Modem Status Register Master Reset Bits 0—3 are cleared; 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
INTRPT (transmitter holding register empty) Read IR/Write THR/MR | Low
INTRPT (modem status changes) Read MSR/MR Low
ouT2 Master Reset High
RTS Master Reset High
DTR Master Reset High
ouT1 Master Reset High
Scratch Register Master Reset No effect
Divisor Latch (LSB and MSB) Registers Master Reset No effect
Receiver Buffer Register Master Reset No effect
Transmitter Holding Register Master Reset No effect
RCVR FIFO MR/FCR1-FCRO/AFCRO | Al bits cleared
XMIT FIFO MR/FCR2-FCRO/AFCRO | All bits cleared
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PRINCIPLES OF OPERATION

The system programmer, using the CPU, has access to and control over any of the ACE registers that are
summarized in Table 2. 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
ODLAB=0 O0DLAB=0 1DLAB=0 2 2 3 4 5 6 7 ODLAB=1 1DLAB=1
Receiver Transmitter Interrupt FIFO
BIT Buffer Holding Interrupt Ident. Control Line Modem Line Modem Scratch Divisor Latch
NO. Register Register Enable Register Register Control Control Status Status Reglster Latch (MSB)
(Read (Write Register (Read (Write Register Register Register Register eg! (LSB)
Only) Only) Only) Only)
RBR THR IER iR FCR LCR MCR LSR MSR SCR DLL DLM
Enable
Received . Word Data Delta
oif Length Data cl
o | pataBitot | DataBito Data Interrupt FIFO Select | Terminal Ready car Bito Bit0 Bits
Available Pendin Enable Bit0 Ready ©R) to Send
Interrupt 9 WLSO) (DTR) (ACTS)
(ERBI)
Enable
Transmitter Word Delta
Holding Interrupt Receiver Length Request Overrun Data
1 Data Bit 1 Data Bit 1 Register D FIFO Select to Send Error Set Bit1 Bit1 Bit9
Empty Bit 1 Reset Bit1 (RTS) (OE) Ready
Interrupt (WLS1) (ADSR)
(ETBEI)
Enable Trailing
Receiver Interrupt Transmitter Nur:'ber Parity Edge Ring
2 Data Bit 2 Data Bit 2 Line Status D FIFO Stop Bits ouT1 Error Indicator Bit2 Bit2 Bit 10
Interrupt Bit2 Reset (SEI'B) (PE) (TERI)
(ELSI)
Enable Interrupt Deita
Modem D DMA Parity Framing Data
3 Data Bit 3 Data Bit 3 Status Bit3 Mode Enable ouT2 Error Carrier Bit3 Bit3 Bit 11
- Interrupt (see Select (PEN) (FE) Detect '
(EDSSI) Note 4) (ADCD)
s:aAn Break Cltzar
4 Data Bit 4 Data Bit 4 0 ] Reserved rity Loop Interrupt Bit4 Bit4 Bit 12
Select ®) Send
(EPS) (CTS)
Autoflow Transmitter Data
Stick Control Holding Set " "
5 Data Bit5 Data Bit 5 0 o Reserved Parity Enable Register Ready Bit5 Bit5 Bit 13
(AFE) (THRE) (DSR)
Er::x?: d Receiver Break Transmitter Ring
6 Data Bit 6 Data Bit 6 [} Trigger [} Empty Indicator Bit6 Bit& Bit 14
(see (LSB) Control (TEMT) R
Note 4) )
Divisor Error in
E':':S: ", | Receiver | Latch RCVR ga‘:';r
7 Data Bit 7 Data Bit 7 0 (see Trigger Access 0 FIFO Detect Bit7 Bit7 Bit 15
Note 4) (MSB) Bit (see (OCD)
(DLAB) _ Note 4)
1 Bit 0 is the least significant bit. It is the first bit serially transmitted or received.
NOTE 4: These bits are always 0 in the TL16C450 mode.
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FIFO control register (FCR)

The FCR is a write-only register at the same location as the IIR, which is a read-only register. The FCR enables
and clears the FIFOs, sets the receiver FIFO trigger level, and selects the type of DMA signalling.

Bit 0: This bit, when set, enables the transmitter and receiver FIFOs. Bit 0 must be set when other FCR
bits are written to or they are not programmed. Changing this bit clears the FIFOs.

Bit 1: This bit, when set, clears all bytes in the receiver FIFO and clears its counter. The shift register is not
cleared. The one that is written to this bit position is self clearing.

Bit2: This bit, when set, clears all bytes in the transmit FIFO and clears its counter. The shift register is not
cleared. The one that is written to this bit position is self clearing.

Bit 3: When FCRO is set, setting FCR3 causes RXRDY and TXRDY to change from level 0 to level 1.
Bits 4 and 5: These two bits are reserved for future use.

Bits 6 and 7: These two bits set the trigger level for the receiver FIFO interrupt (see Table 5).

Table 4. Receiver FIFO Trigger Level

BIT7 | BIT6 TRngigE:zsgf 1;(\’(1'55)
0 0 o1
0 1 04
1 0 08
1 1 ' 14

FIFO interrupt mode operation

When the receiver FIFO and receiver interrupts are enabled (FCR0O =1, IERO =1, IER2 = 1), areceiver interrupt
occurs as follows:

1.

The received data available interrupt is issued to the microprocessor when the FIFO has reached its
programmed trigger level. It is cleared when the FIFO drops below its programmed trigger level.

The IIR receive data available indication also occurs when the FIFO trigger level is reached, and like the
interrupt, it is cleared when the FIFO drops below the trigger level. '

The receiver line status interrupt (IIR = 06) has higher priority than the received data available (IIR = 04)
interrupt. )

The data ready bit (LSRO) is set when a character is transferred from the shift register to the receiver FIFO.
It is cleared when the FIFO is empty.
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FIFO interrupt mode operation (continued)

When the receiver FIFO and receiver interrupts are enabled:

1.

FIFO time-out interrupt occurs if the following conditions exist:
a. At least one character is in the FIFO.

b. The most recent serial character was received more than four continuous character times ago (if two
stop bits are programmed, the second one is included in this time delay).

c. The most recent microprocessor read of the FIFO occurred more than four continuous character times
ago. This causes a maximum character received to interrupt an issued delay of 160 ms at
300 baud with a 12-bit character.

Character times are calculated by using the RCLK input for a clock signal (makes the delay proportional
to the baud rate).

When a time-out interrupt has occurred, it is cleared and the timer is cleared when the microprocessor reads
one character from the receiver FIFO.

When a time-out interrupt has not occurred, the time-out timer is cleared after a new character is received
or after the microprocessor reads the receiver FIFO.

When the transmitter FIFO and THRE interrupt are enabled (FCRO = 1, IER1 = 1), transmit interrupts occur as
follows:

1.

The transmitter holding register interrupt [lIR (3—0) = 2] occurs when the transmit FIFO is empty. Itis cleared
[IR (3-0) = 1] when the THR is written to (1 to 16 characters may be written to the transmit FIFO while
servicing this interrupt) or the lIR is read.

The transmitter FIFO empty indicator (LSR5 (THRE) = 1) is delayed one character time minus the last stop
bit time when there have not been at least two bytes in the transmitter FIFO at the same time since the last
time that THRE = 1. The first transmitter interrupt after changing FCRO is immediate if it is enabled.

Character time-out and receiver FIFO trigger level interrupts have the same priority as the current received data
available interrupt; transmit FIFO empty has the same priority as the current THRE interrupt.

FIFO polled mode operation

With FCRO = 1 (transmitter and receiver FIFOs enabled), clearing IERO, IER1, IER2, IER3, or all four to 0 puts
the ACE in the FIFO polled mode of operation. Since the receiver and transmitter are controlled separately,
either one or both can be in the polied mode of operation. ’

In this mode, the user program checks receiver and transmitter status using the LSR. As stated previously:

LSRO is set as long as there is one byte in the receiver FIFO.

LSR1 — LSR4 specify which error(s) have occurred. Character error status is handled the same way as
when in the interrupt mode; the lIR is not affected since IER2 = 0.

LSR5 indicates when the THR is empty.
LSRé6 indicates that both the THR and TSR are empty.
LSR7 indicates whether there are any errors in the receiver FIFO.

There is no trigger level reached or time-out condition indicated in the FIFO polled mode. However, the receiver
and transmitter FIFOs are still fully capable of holding characters.
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interrupt enable register (IER)

The IER enables each of the five types of interrupts (refer to Table 4) and enables INTRPT 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 bullets.

® Bit 0: When set, this bit enables the received data available interrupt.
Bit 1: When set, this bit enables the THRE interrupt.

Bit 2: When set, this bit enables the receiver line status interrupt.

Bit 3: When set, this bit' enables the modem status interrupt.

Bits 4 through 7: These bits are not used (always cleared).

interrupt identification register (lIR)

The ACE has an on-chip interrupt generation and prioritization capability that permits a flexible interface with
most popular 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 encodes the type of interrupt
in its three least significant bits (bits 0, 1, and 2). The contents of this register are summarized in Table 2 and
described in Table 4. Detail on each bit is as follows:

® Bit 0: This bit is used either in a hardwire prioritized or polled interrupt system. When bit 0 is cleared, an
interrupt is pending If 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 3

® Bit 3: This bit is always cleared in TL16C450 mode. In FIFO mode, bit 3 is set with bit 2 to indicate that a
time-out interrupt is pending.

Bits 4 and 5: These two bits are not used (always cleared).

Bits 6 and 7: These bits are always cleared in TL16C450 mode. They are set when bit 0 of the FIFO control
register is set.
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interrupt identification register (lIR) (continued)

Table 5. Interrupt Control Functions

INTERRUPT
IDENTIFICATION PRIORITY INTERRUPT RESET
REGISTER LEVEL INTERRUPT TYPE INTERRUPT SOURCE METHOD
BIT3 |BIT2 |BIT1 | BITO
0 0 0 1 None None None None
. . Overrun error, parity error, . .

0 1 1 0 1 Receiver line status framing error, or break interrupt Read the line status register
Receiver data available in the .

0 1 0 0 2 Received data available | TL16C450 mode or trigger level f‘:?;;’e receiver buffer
reached in the FIFO mode 9
No characters have been
removed from or input to the

1 1 0 0 2 Character time-out receiver FIFO during the last Read the receiver buffer

indication four character times, and there | register
is at least one character in it
during this time
Read the interrupt
0 0 1 0 3 Transmitter holding Transmitter holding register identification register (if source
register empty empty of interrupt) or writing into the
transmitter holding register

Clear to send, data set ready,

0 0 ] 0 4 Modem status ring indicator, or data carrier Regdt the modem status
detect register

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 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 6. )

Table 6. Serial Character Word Length

BIT 1 BITO 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 receiver clocks only the first stop bit
regardless of the number of stop bits selected. The number of stop bits generated in relation to word length
and bit 2 are shown in Table 7.
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line control register (LCR) (continued)

Table 7. Number of Stop Bits Generated

BIT 2 WORD LENGTH SELECTED | NUMBER OF STOP
BY BITS 1 AND 2 BITS GENERATED
0 Any word length 1
1 5 bits 1172
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 in the data and parity bits) is selected. When parity is enabled and bit 4 is
cleared, odd parity (an odd number of logic 1s) is selected.

Bit 5: This bit 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.
If bit 5 is cleared, stick parity is disabled.

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

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 dunng 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 described in the following bulleted list.

® Bit 0: This bit is the data ready (DR) indicator for the receiver. DR is set whenever a complete incoming

character has been received and transferred into the RBR or the FIFO. DR is cleared by reading all of the
data in the RBR or the FIFO.

Bit 1¥: This bit is the overrun error (OE) indicator. When OE is set, it indicates that before the character in
the RBR was read, it was overwritten by the next character transferred into the register. OE is cleared every
time the CPU reads the contents of the LSR. If the FIFO mode data continues to fill the FIFO beyond the
trigger level, an overrun error occurs only after the FIFO is full and the next character has been completely
received in the shift register. An overrun error is indicated to the CPU as soon as it happens. The character
in the shift register is overwritten, but it is not transferred to the FIFO.

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

Bit 2%: This bit is the parity error (PE) indicator. When PE is set, it indicates that the parity of the received
data character does not match the parity selected in the LCR (bit 4). PE is cleared every time the CPU reads
the contents of the LSR. In the FIFO mode, this error is associated with the particular character in the FIFO
to which it applies. This error is revealed to the CPU when its associated character is at the top of the FIFO.

Bit 3+: This bit is the framing error (FE) indicator. When FE is set, it indicates that the received character
did not have a valid (set) stop bit. FE is cleared every time the CPU reads the contents of the LSR. In the
FIFO mode, this error is associated with the particular character in the FIFO to which it applies. This error
is revealed to the CPU when its associated character is at the top of the FIFO. The ACE tries to
resynchronize after a framing error. To accomplish this, it is assumed that the framing error is due to the
next start bit. The ACE samples this start bit twice and then accepts the input data.

Bit4%: This bit is the break interrupt (Bl) indicator. When Bl is set, it indicates that the received data input
was held low for longer than a full-word transmission time. A full-word transmission time is defined as the
total time to transmit the start, data, parity, and stop bits. Bl is cleared every time the CPU reads the contents
of the LSR. In the FIFO mode, this error is associated with the particular character in the FIFO to which it
applies. This error is revealed to the CPU when its associated character is at the top of the FIFO. When a
break occurs, only one 0 character is loaded into the FIFO. The next character transfer is enabled after SIN
goes to the marking state for at least two RCLK samples and then receives the next valid start bit.

Bit 5: This bit is the THRE indicator. THRE 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 THRE is set, an interrupt is generated.
THRE is set when the contents of the THR are transferred to the TSR. THRE is cleared concurrent with the
loading of the THR by the CPU. In the FIFO mode, THRE is set when the transmit FIFO is empty; it is cleared
when at least one byte is written to the transmit FIFO.

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

Bit7: Inthe TL16C550C mode, this bit is always cleared. In the TL16C450 mode, this bit is always cleared.
In the FIFO mode, LSR7 is set when there is at least one parity, framing, or break error in the FIFO. It is
cleared when the microprocessor reads the LSR and there are no subsequent errors in the FIFO.

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 DTR output.
Bit 1: This bit (RTS) controls the RTS output.
Bit 2: This bit (OUT1) controls OUTT, a user-designated output signal.
Bit 3: This bit (OUT2) controls OUT2, a user-designated output signal.

When any of bits 0 through 3 are set, the associated output is forced low. When any of these bits are cleared,
the associated output is forced high.

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.
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modem control register (MCR) (continuéd)

Bit 4: This bit (LOOP) provides a local loop back feature for diagnostic testing of the ACE. When LOOP
is set, the following occurs:

—  The transmitter SOUT is set high.

—. The receiver SIN is disconnected.

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

—  The four modem control inputs (CTS, DSR, DCD, and RI) are disconnected.

—  The four modem control outputs (DTR, RTS, OUT1 and OUT2) are internally connected to the four
modem control inputs.

— The four modem control outputs are forced to the inactive (high) levels.

Bit 5: This bit (AFE) is the autoflow control enable. When set, the autoflow control as described in the
detailed description is enabled.

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’s 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.

The ACE flow can be configured by programming bits 1 and 5 of the MCR as shown in Table 8.

Table 8. ACE Flow Configuration

MC(Z‘FBEI;- 5 M(:STBSI;I- 1 ACE FLOW CONFIGURATION
1 1 Auto-RTS and auto-CTS enabled (autoflow control enabled)
1 0 Auto-CTS only enabled
0 X Auto-RTS and auto-CTS disabled

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 provide 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 summanzed in Table 3 and are
described in the following bulleted list.

Bit 0: This bit is the change in clear-to-send (ACTS) indicator. ACTS indicates that the CTS input has
changed state since the last time it was read by the CPU. When ACTS is set (autoflow control is not enabled
and the modem status interrupt is enabled), a modem status interrupt is generated. When autoflow control
is enabled (ACTS is cleared), no interrupt is generated.

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

Bit 2: This bit is the trailing edge of the ring indicator (TERI) detector. TERI indicates that the Rl input to
the chip has changed from a low to a high level. When TERI is set and the modem status interrupt is enabled,
a modem status interrupt is generated.
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modem status register (MSR) (continued)

Bit 3: This bit is the change in data carrier detect (ADCD) indicator. ADCD indicates that the DCD input to
the chip has changed state since the last time it was read by the CPU. When ADCD 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 the ACE is in the diagnostic test
mode (LOOP [MCR4] = 1), this bit is equal to the MCR bit 1 (RTS).

Bit 5: This bit is the complement of the data set ready (DSR) input. When the ACE is in the diagnostic test
mode (LOOP [MCR4] = 1), this bit is equal to the MCR bit 0 (DTR).

Bit6: This bitis the complement of the ring indicator (RI) input. When the ACE is in the diagnostic test mode
(LOOP [MCRA4] = 1), this bit is equal to the MCR bit 2 (OUT1).

Bit 7: This bit is the complement of the data carrier detect (DCD) input. When the ACE is in the diagnostic
test mode (LOOP [MCR4] = 1), this bit is equal to the MCR bit 3 (OUT2).

programmable baud generator

The ACE contains a programmable baud generator that takes a clock input in the range between dc and 16 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 = XIN 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 9 and 10 iliustrate the use of the baud generator with crystal frequencies of 1.8432 MHz and 3.072 MHz
respectively. For baud rates of 38.4 kbits/s 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 23 for examples of typical
clock circuits).
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programmable baud generator (continued)

Table 9. Baud Rates Using a 1.8432-MHz Crystal

DESIRED | PIVISOR USED PERCENT ERROR
BAUD RATE | TO GENERATE | DIFFERENCE BETWEEN
16xCLOCK | DESIRED AND ACTUAL
50 2304
75 1536
110 1047 0.026
1345 857 0.058
150 768
300 384
600 192
1200 96
1800 64
2000 58 0.6
2400 48
3600 32
4800 24
7200 16
9600 12
19200 6
38400 3
56000 2 2.86

Table 10. Baud Rates Using a 3.072-MHz Crystal

DESIRED | DIVISOR USED PERCENT ERROR
BAUD RATE | TO GENERATE | DIFFERENCE BETWEEN
16 x 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 27 123
9600 20
19200 10
38400 5
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programmable baud generator (continued)

Driver Vee Vee

External XIN XIN
Clock

Optional Ei
Driver
Optional XOuT = Oscillator Clock
Clock to Baud Generator
Output Logic

= Oscillator Clock
to Baud Generator

Logic
T Cc2
TYPICAL CRYSTAL OSCILLATOR NETWORK
CRYSTAL Rp RX2 Cc1 c2
3.072 MHz 1MQ 1.5 kQ 10-30 pF 40-60 pF
1.8432 MHz 1MQ 1.5 kQ 10-30 pF 40-60 pF

Figure 23. Typical Clock Circuits

receiver buffer register (RBR)

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

The ACE RSR receives serial data from SIN. The RSR then concatenates the data and moves it into the RBR
FIFO. In the TL16C450 mode, when a character is placed in the RBR and the received data available interrupt
is enabled (IERO = 1), an interrupt is generated. This interrupt is cleared when the data is read out of the RBR.
In the FIFO mode, the interrupts are generated based on the control setup in the FIFO control register.

scratch register

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

transmitter holding register (THR)

The ACE transmitter section consists of a THR and a transmitter shift register (TSR). The THR is actually a
16-byte FIFO. Timing is supplied by BAUDOUT. Transmitter section control is a function of the ACE line control
register.

The ACE THR receives data off the internal data bus and when the shift register is idle, moves it into the TSR.
The TSR serializes the data and outputs it at SOUT. In the TL16C450 mode, if the THR is empty and the
transmitter holding register empty (THRE) interrupt is enabled (IER1 = 1), an interrupt is generated. This
interrupt is cleared when a character is loaded into the register. In the FIFO mode, the interrupts are generated
based on the control setup in the FIFO control register.
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® IBM PC/AT™ Compatible

® Two TL16C550 ACEs

©® Enhanced Bidirectional Printer Port

® 16-Byte FIFOs Reduce CPU Interrupts

® Independent Control of Transmit, Receive,
Line Status, and Data Set Interrupts on

Each Channel

® Programmable Serial Interface
Characteristics for Each Channel:
— 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

@ 3-State TTL Drive for the Data and Control
Bus on Each Channel

® Hardware and Software Compatible With

@ Individual Modem Control Signals for Each TL16C452
Channel
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description

The TL16C552 is an enhanced dual channel version of the popular TL16C550 asynchronous communications
element (ACE). The device serves two serial input/output interfaces simultaneously in microcomputer or
microprocessor-based systems. Each channel performs serial-to-parallel conversion on data characters

IBM PC/AT is a trademark of International Business Machines Corporation.
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description (continued)

received from peripheral devices or modems and parallel-to-serial conversion on data characters transmitted
by the CPU. The complete status of each channel of the dual ACE can be read at any time during functional
operation by the CPU. The information obtained includes the type and condition of the transfer operations being
performed and the error conditions.

In addition to its dual communications interface capabilities, the TL16C552 provides the user with a fully
bidirectional parallel data port that fully supports the parallel Centronics-type printer. The parallel port and the
two serial ports provide IBM PC/AT-compatible computers with a single device to serve the three system ports.

A programmable baud rate generator is included that can divide the timing reference clock input by a divisor
between 1 and (216 - 1).

The TL16C552 is housed in a 68-pin plastic leaded chip carrier.

functional block diagram
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Terminal Functions

TERMINAL

NAME NO. /0 DESCRIPTION

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

AFD 56 /0 Line printer autofeed. AFD is an open-drain line that provides the printer with an active-low signal
when continuous form paper is to be autofed to the printer. This terminal has an internal pullup
resistor to Vpp of approximately 10 kQ.

A0, A1, A2 35, 34, 33 | Addresslines AO~A2. A0, A1, and A2 select the internal registers during CPU bus operations. See
Table 2 for the decode of the serial channels and Table 13 for the decode of the parallel printer port.

BDO 44 (0] Bus buffer output. BDO is an active-high output that is asserted when either serial channel or the
parallel port is read. This output can control the system bus driver (74LS245).

BUSY 66 1 Line printer busy. BUSY is an input line from the printer that goes high when the printer is not ready
to accept data.

CLK 4 | Clock input. CLK is an external clock input to the baud rate divisor of each ACE.

CSo, Cs1,CS2 32,3,38 | Chip selects. CS0, CS1, and CS2 act as an enable for the write and read signals for the serial
channels 1 (CS0) and 2 (CS1). CS2 enables the signals to the printer port.

CTS0, CTSt 28,13 | Clear to send inputs. The logical state of CTSO0 or CTSH1 is reflected in the CTS bit of the modem

status register (CTS is bit 4 of the modem status register, written MSR4) of each ACE. A change
of state in either CTS terminal, since the previous reading of the associated modem status register,
causes the setting of delta clear to send (ACTS) bit (MSRO) of each modem status register.

DBO - DB7 14-21 l{e} Data bits DBO—DB7. The data bus provides eight 3-state 1/O lines for the transfer of data, control,
and status information between the TL16C552 and the CPU. These lines are normally in a
high-impedance state except during read operations. D0 is the least significant bit (LSB) and is the
first serial data bit to be received or transmitted.

DCDO, DCD1 29,8 ! Data carrier detect. DCD is a modem input. Its condition can be tested by the CPU by reading the
MSR?7 (DCD) bit of the modem status registers. The MSR3 (delta data carrier detect or ADCD) bit
of the modem status register indicates whether the DCD input has changed states since the
previous reading of the modem status register. DCD has no affect on the receiver.

DSRo, DSR1 31,5 | Data set ready inputs. The logical state of DSR0 and DSRT is reflected in MSRS5 of its associated
modem status register. The MSR1 (delta data set ready or ADSR) bit indicates whether the
associated DSR terminal has changed states since the previous reading of the modem status
register.

DTRO, DTR1 25, 11 (0] Data terminal ready lines. DTRO and DTR1 can be asserted low by setting modem control register
bit 0 (MCRO) of its associated ACE. This signal is asserted high by clearing the DTR bit (MCRO)
or whenever a reset occurs. When active (low), the DTR terminal indicates that its ACE is ready
to receive data.

ENIRQ 43 | Parallel port interrupt source mode selection. When ENIRQ is low, the PC/AT mode of interrupts
is enabled. In this mode, the INT2 output is internally connected to the ACK input. When the ENIRQ
input is tied high, the INT2 output is internally tied to the PRINT signal in the line printer status
register. INT2 is latched high on rising edge of ACK.

ERR 63 I Line printer error. ERR is an input line from the printer. The printer reports an error by holding this
line low during the error condition.

GND 7,27,54 Ground (0 V). All terminals must be tied to ground for proper operation.

INIT 57 l[e] Line printer initialize. INIT is an open-drain line that provides the printer with an active-low signal,

which allows the printer initialization routine to be started. This terminal has an internal pullup
resistor to Vpp of approximately 10 kQ.

IOR 37 | Input/output read strobe. TOR is an active-low input that enables the selected channel to output
data to the data bus (DBO—-DB7). The data output depends upon the register selected by the
address inputs A0, A1, A2, and chip select. Chip select 0 (CSO0) selects ACE #1, chip select 1 (CS1)
selects ACE #2, and chip select 2 (CS2) selects the printer port.

oW 36 1 Input/output write strobe. IOW is an active-low input causing data from the data bus to be input to
either ACE orto the parallel port. The destination depends upon the register selected by the address
inputs A0, A1, A2, and chip selects CS0, CST1, and CS2.
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Terminal Functions (continued)

TERMINAL
NAME

NO.

/o

DESCRIPTION

INTO, INT1

45, 60

Serial channel interrupts. INTO and INT1 are 3-state serial channel interrupt outputs (enabled by bit
3 of the MCR) that go active (high) when one of the following interrupts has an active (high) condition
and is enabled by the interrupt enable register of its associated channel: receiver error flag, received
data available, transmitter holding register empty, and modem status. The interrupt is cleared upon
appropriate service. When reset, the interrupt output is in the high-impedance state.

INT2

59

_"._‘
Printerportinterrupt. INT2is an active-high, 3-state output generated by the positive transition of ACK.
It is enabled by bit 4 of the write control register. Upon a reset, the interrupt output is in the
high-impedance state. Its mode is also controlled by ENIRQ.

PD0-PD7

53-46

/0

Parallel data bits (0—7). These eight lines (PDO—PD7) provide a byte wide input or output port to the
system.

PE

67

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

PEMD

Printer enhancement mode. When low, PEMD enables the write data register to the PDO—PD?7 lines.
A high on this signal allows direction control of the PDO—PD7 port by the DIR bit in the control register.
PEMD is usually tied low for the printer operation.

RESET

39

Reset. When low, RESET forces the TL16C552 into an idle mode in which all serial data activities are
suspended. The modem control register along with its associated outputs are cleared. The line status
register is cleared except for the THRE and TEMT bits, which are set. All functions of the device remain
in an idle state until programmed to resume serial data activities. This input has a hysteresis level of
typically 400 mV.

RTS0, RTS1

24,12

Request to send outputs. RTSx is asserted low by setting MCRH1, bit 1 of its UARTs modem control
register. Both RTSx terminals are setby RESET. A low on the RTSx terminal indicates thatits ACE has
data ready to transmit. In half-duplex operations, RTSx controls the direction of the line.

RXRDYO,
RXRDY1

9, 61

Receiver ready. RXRDY0 and RXRDY1 are receiver direct memory access (DMA) signaling
terminals. One of two types of DMA signaling can be selected using FIFO control register bit 3 (FCR3)
when operating in the FIFO mode. Only DMA mode 0 is allowed when operating in the TL16C450
mode. For signal transfer DMA (a transfer is made between CPU bus cycles), mode 0 is used. Multiple
transfers that are made continuously until the receiver FIFO has been emptied are supported by
mode 1.

Mode 0. RXRDYxis active (low) when in the FIFO mode (FCR0=1, FCR3=0) or when in the TL16C450
mode (FCRO0=0) and the receiver FIFO or receiver holding register contain at least one character.
When there are no more characters in the receiver FIFO or receiver holding register, the RXRDYx
terminal goes inactive (high).

Mode 1. RXRDYx goes active (low) in the FIFO mode (FCRO=1) when FCR3=1 and the time-out or
trigger levels have been reached. It goes inactive (high) when the FIFO or receiver holding register is
empty.

30,6

Ring indicator inputs. RIO and RI1 are modem control inputs. Their condition is tested by reading
MSR6 (RI) of each ACE. The modem status register outputs trailing edge of ring indicator (TERI or
MSR2) that indicates whether either input has changed states from high to low since the previous
reading of the modem status register.

41,62

Serial datainputs. SINOand SIN1 are serial data inputs that move information from the communication
line or modem to the TL16C552 receiver circuits. Mark (set) is a high state and a space (cleared) is
low state. Data on the serial data inputs is disabled when operating in the loop mode.

65

Printer selected. SLCT is an input line from the printer that goes high when the printer has been
selected.

58

l[e]

Line printer select. SLIN is an open-drain input that selects the printer when it is active (low). This
terminal has an internal pullup resistor to Vpp of approximately 10 kQ.

SOUTO, SOUT1

26, 10

Serial data outputs. SOUT0 and SOUT1 are the serial data outputs from the ACE transmitter circuitry.
A mark is a high state and a space is a low state. Each SOUT is held in the mark condition when the
transmitter is disabled, when RESET is true (low), when the transmitter register is empty, or when in
the loop mode.
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Terminal Functions (continued)

TERMINAL

NAME NO. Vo DESCRIPTION

STB

55 /O | Printerstrobe. STBis an open-drain line that provides communication between the TL16C552 and the
printer. When it is active (low), it provides the printer with a signal to latch the data currently on the
parallel port. This terminal has an internal pullup resistor to Vpp of approximately 10 kQ.

TRI

TXRDYO, 22,42 O | Transmitter ready. TXRDYO and TXRDY1 are transmitter ready signals. Two types of DMA signaling
TXRDY1 are available. Either can be selected using FCR3 when operating in the FIFO mode. Only DMA mode

2 | | 3-state control. TRI controls the 3-state control of all /O and output terminals. When TRl is asserted,
all /0 and outputs become high impedance, allowing board level testers to drive the outputs without
overdriving the internal buffers. This terminal is level sensitive, is a CMOS input, and is pulled down
with an internal resistor that is approximately 5 kQ.

0is allowed when operating in the TL16C450 mode. Single-transfer DMA (a transfer is made between
CPU bus cycles) is supported by mode 0. Multiple transfers that are made continuously until the
transmitter FIFO has been filled are supported by mode 1.

Mode 0. When in the FIFO mode (FCRO=1, FCR3=0) or in the TL16C450 mode (FCR0=0) and there
are no characters in the transmitter holding register or transmitter FIFO, TXRDY are active (low). Once
TXRDY is activated (low), it goes inactive after the first character is loaded into the holding register of
transmitter FIFO.

Mode 1. TXRDYx goes active (low) if in the FIFO mode (FCR0O=1) when FCR3=1 and there are no
characters in the transmitter FIFO. When the transmitter FIFO is completely full, TXRDYx goes inactive
(high).

VDD

23, 40, 64 Power supply. Vpp is the power supply requirement is 5 V £5%.

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

Supply voltage range, Vpp (seeNote 1) ... ... ... ... .. . . .. -0.5VtoVpp+0.3V
Input voltage range, V| .. ... e -05Vto7V
Output voltage range, Vo ... iii it -05VtoVpp+03V
Continuous total power dissipation ........ ...t e e 500 mW
Operating free-air temperature range, TaA .. ..ot —10°C to 70°C
Storage temperature range, Tstg - -« .+« v v vuveevnnne —65°C to 150°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 ground (Vgg).

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vpp . 4.75 5 525 A"
Clock high-level input voltage, ViH(CLK) 2 VDD Vv
Clock low-level input voltage, ViL(CLK) -0.5 0.8 \
High-level input voltage, V|q 2 VbD \"
Low-level input voltage, V| -0.5 0.8 \
Clock frequency, fejock 8| MHz
Operating free-air temperature range, T 0 70 °C
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electrical characteristics over recommended ranges of operating free-air temperature and supply

voltage
PARAMETER TEST CONDITIONS MIN MAX | UNIT
loH =—-0.4 mA for DBO-DB?7,
. IoH = -2 mA for PD0O-PD7,
VoH High-level output voltage I0H = —0.4 mA for INIT, AFD, STB, and SLIN (see Note 2), 24 v
IoH =—0.4 mA for all other outputs
loL = 4 mA for DBO-DB7,
loL = 12 mA for PDO-PD?7,
VoL Low-level output voltage IoL = 10 mA for INIT, AFD, STB, and SLIN (see Note 2), o4l v
loL =2 mA for all other outputs
] Input current Vpp=5.25V, All other terminals are floating +10 A
li(cLK) Clock input current V|=0t05.25V +10 A
L Vpp=525V, Vo = 0 with chip deselected, or
loz  High-impedance output current VG = 5.25 V with chip and write mode selected £201 uA
Vpp=5.25V, No loads on outputs,
| Suppl ¢ SINO, SIN1, DSR0, DSR1, DCDO, DCD1, CTS0, CTSH, 50 A
DD upply curren Ri0and RIT at2V, Other inputs at 0.8 V, m.
Baud rate generator fojock =8 MHz,  Baud rate = 56 kbit/s
NOTE 2: These four terminals contain an internal pullup resistor to Vpp of approximately 10 kQ.

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

voltage
MIN  MAX| UNIT
twi Pulse duration, CLK high (external clock, 8 MHz max) (see Figure 1) 55 ns
tw2 Pulse duration, CLK low (external clock, 8 MHz max) (see Figure 1) 55 ns
tw3 Pulse duration, master (RESET) low (see Figure 16) 1000 ns

read cycle timing requirements over recommended ranges of operating free-air temperature and

supply voltage (see Figure 4)

MIN MAX | UNIT
twa Pulse duration, TOR low 80 ns
tsu1 Setup time, chip select valid before IOR low (see Note 3) 15 ns
tsu2 Setup time, A2—A0 valid before TOR low (see Note 3) 15 ns
th1 Hold time, A2—AO0 valid after IOR high (see Note 3) 20 ns
the Hold time, chip select valid after IOR high (see Note 3) 20 ns
41 Delay time, tg;2 + tw4 + tg2 (see Note 4) 175 ns
tae Delay time, IOR high to IOR or IOW low 80 ns

NOTES: 3. The internal address strobe is always active.
4. Inthe FIFO mode, tq1 = 425 ns (min) between reads of the receiver FIFO and the status registers (IIR and LSR).
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write cycle timing requirements over recommended ranges of operating free-air temperature and
supply voltage (see Figure 5)

MIN MAX | UNIT
tws  Pulse duration, IOW low 80 ns
tsu4  Setup time, chip select valid before IOW low (see Note 3) 15 ns
tsus  Setup time, A2—AQ valid before IOW low (see Note 3) 15 ns
tsus  Setup time, DO—D7 valid before TOW high 15 ns
th3 Hold time, A2—AQ valid after [OW high (see Note 3) 20 ns
tha Hold time, chip select valid after IOW high (see Note 3) 20 ns
ths Hold time, DO-D?7 valid after IOW high ‘ 15 ns
143 Delay time, tgy5 + tws + td4 175 ns
tqa Delay time, IOW high to TOW or IOR low 80 ns

NOTE 3: The internal address strobe is always active.

read cycle switching characteristics over recommended ranges of operating free-air temperature
and supply voltage (see Figure 4)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Propagation delay time from TOR high to BDO high or from TOR low to
tod BDg Igw Y 9 9 CL=100pF, SeeNote5 60| ns
ten Enable time from IOR low to DO-D7 valid CL=100pF, See Note 5 60 ns
tgis  Disable time from IOR high to DO-D7 released CL=100pF, SeeNote5 0 60| ns

NOTE 5: VoL and VoH (and the external loading) determine the charge and discharge time.

transmitter switching characteristics over recommended ranges of operating free-air temperature
and supply voltage (see Figures 6, 7, and 8)

PARAMETER TEST CONDITIONS MIN MAX | UNIT

tds Delay time, interrupt THRE low to SOUT low at start 8 24 g(?::_elz

- . . RCLK

tde Delay time, SOUT low at start to interrupt THRE high See Note 6 8 8 cycles

s b TG . ) ’ RCLK

tq7 Delay time, IOW (WR THR) high to interrupt THRE high See Note 6 16 32 cycles

. Ty RCLK

tds Delay time, SOUT low at start to TXRDY low CL =100 pF 8 cycles
!Ed2 Propagation delay time from IOW (WR THR) low to interrupt THRE low Cp =100 pF 140 ns
tod3  Propagation delay time from IOR (RD IIR) high to interrupt THRE low CL=100pF 140| ns
tpd4  Propagation delay time from IOW (WR THR) high to TXRDY high CL =100 pF 195 ns

NOTE 6: When the transmitter interrupt delay is active, this delay si lengthened by one character time minus the last stop bit time.
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receiver switching characteristics over recommended ranges of operating free-air temperature
and supply voltage (see Figures 9, 10, 11, 12 and 13)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tdo Delay time from stop to INT high See Note 7 1 2;‘2;:
thgs  Propagation delay time from RCLK high to sample CLK high 100 ns
thde  Propagation delay time from IOR (RD RBR/RD LSR) high to reset interrupt low CL =100 pF 150 ns
tod7  Propagation delay time from IOR (RD RBR) low to RXRDY high 150 ns

NOTE 7: Thereceiverdata available indication, the overrun errorindication, the trigger level interrupts and the active RXRDY indication is delayed
three RCLK cycles in the FIFO mode (FCRO = 1). After the first byte has been received, status indicators (PE, FE, Bl) is delayed three
RCLK cycles. These indicators are updated immediately for any further bytes received after RD RBR goes active. There are eight RCLK
cycle delays for trigger change level interrupts.

modem control switching characteristics over recommended ranges of operating free-air
temperature and supply voltage (see Figure 14)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
todg  Propagation delay time from IOW (WR MCR) high to RTS (DTR) low/high CL = 100 pF 100| ns
tod9  Propagation delay time from modem input (CTS, DSR) low/high to interrupt high CL =100 pF 170 ns
tpd10 Propagation delay time from TOR (RD MSR) high to interrupt low Cp =100 pF 140 ns
tpd11  Propagation delay time from RI high to interrupt high CL =100 pF 170 ns

parallel port timing requirements over recommended ranges of supply voltage and operating
free-air temperature (see Figure 15)

MIN MAX | UNIT
tsu7 Setup time, data valid before STB low 1 ) us
the Hold time, data valid after STB high 1 us
twe Pulse duration, STB low . 1 500 | us
td10 Delay time, BUSY high to ACK low Defined by printer
td11 Delay time, BUSY low to ACK low Defined by printer
twé Pulse duration, ACK low Defined by printer
tw7 Pulse duration, BUSY high Defined by printer
td12 Delay time, BUSY high after STB high Defined by printer
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PARAMETER MEASUREMENT INFORMATION

CLK (XTAL1)

fclock = 8 MHz MAX

Figure 1. Clock Input (CLK) Voltage Waveform

v

680 Q

2.54
L_ Device Under Test %

S 6C552

Tincludes scope and jig capacitance

—L 82 pFt
1

Figure 2. Output Load Circuit

TL16C552
Data Bus < > Serial
Channel 1 9-Pin D Connector
Buffers
Address Bus N
Dual
Ace and Serial
: Printer Channel 2 9-Pin D Connector
Control Bus Port Buffers
Option
Jumpers Parallel
Port "
R RIC 25-Pin D Connector
v Network

Figure 3. Basic Test Configuration
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PARAMETER MEASUREMENT INFORMATION

A2, A1, A0 50%X Valid X
I

X 50%

| | th1 —»|
| |
€S0, Cs1, Cs2 50%X Valid X X 50%
T | T
I je——tgyg ——> [ the —>] |
l¢ < T td1 —>
¢ tsu2 | |
| 4 |
OR 50% * Active ;|‘ 50% 50% 5!;‘ Active
' |« t >
[ twa—> d2 B } OR
__ T 7 \ )
oW | : 50% Active
tpd1 —}4——>I |‘ ’L—| tpd1
I | |
BDO } 50% | 50%
|
ten _'4.__.._.._;| |4_—’:'_ tdis
o e { vaiidpata ¥
Figure 4. Read Cycle Timing Waveforms
A2, A1, AD SO%X Valid X 50%X
| |
| |4 tha —>=
|
S0, CS1, €S2 50%X Vaudx 50%
| ‘
| :4—— tgug ——>! |¢— tha —>| |
[Ph I f td3 >
|« tsus ” |
\ | L/ g |
iow 50% Active 50% 50% 5‘; Active
! | N
< t >
[ tws —> d4 - | or
) |
IOR . } 50% Sk Active
sué | |« ’I_ ths
poo e { validpata ¥

Figure 5. Write Cycle Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

Serial Out Sta / Start /
50% Sk Data Bits 5-8 9
(SOUT) ] stop (1-2) 50%

tds | —> ' Parity Iq_p'_ tde
TRE | 50%5K % 50% 50%}'\ 7‘( 50% 50% 1§
tpd2 ‘I“ > e tpa2 »|
e tg7 —>| |

|
iaW L7 | | L) oy ]'7
(WR THR) 50% 50% 50% tpd3 l' >
iOR |
(RD IIR) \_%50%

Figure 6. Transmitter Timing Waveforms

Byte #1

ow
(WR THR) 50%
|
f
souT Data | X Parity >/ Stop Sk 50% Start /
' |

tods +—>| tag —4*—*:

|
TXRDY % 50% 50%*

Figure 7. Transmitter Ready Mode 0 Timing Waveforms

e {(
) J

oW Byte #16 ) )
(WR THR) 50%
Start of
Byte #16
souT X Parity >/ stop \ Stat / w

—|<— tds
—[1—71 (-

7
TXRDY 7( 50% FIFO Full 50%

Figure 8. Transmitter Ready Mode 1 Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION

[T ) n

* 8 CLK Cycl :: Ir— tpds

CLK I I

TL16C450 MODE

(receiver ,ni":‘t \Start / Data Bits 5-8 Yparmy Stop \_/__
Sample I | I I | l J | L |
CLK o
12

I~

tao —]
Interrupt
(data ready or 50% j "_3\50_%
RCVR ERR)
_ |
Active
IOR 50%
Figure 9. Receiver Timing Waveforms
55
SIN \Staﬂ Data Bits 5-8 XParhyy Stop\_/_
o G
)7
-3 I P I T I
CLK Py
12 '
| . (FIFO at or above
\ Trigger | T trigger level)
nterrupt . 50% k
(FCR6, 720, 0) ' x’\ﬂﬁ_ (FIFO below
tdo _:Ir «— tods ——f‘_’i rigger level)

I
!
IOR T .
(RD RBR) | M%W
| .

oy 0y / -
Line Status 50% 7’ k 50%

Interrupt (LSI)
tpd6 ——J|<—>I
IOR .
(RD LSR) Active 50%

Figure 10. Receiver FIFO First Byte (Sets RDR) Waveforms
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PARAMETER MEASUREMENT INFORMATION

SIN >< Y Stop \ /

Sample
CLK ,
Time Out or t,‘?gt A | (¢ (FIFO at or above
Trigger Level (see Note A) / 50% ) 50% trigger level)
Interrupt I (FIFO below
: l— tods trigger level)
(K- . . |
Interrupt \, 50% Top Byte of FIFO 50 /o_L !
tdg —f¢—>| de6 —“———"l !
L
OR T !
(RD LSR) | \ Active 7# 50% I|
|
| |
__ | |
(RD RBR)
Previous Byte
Read From FIFO
Figure 11. Receiver FIFO After First Byte (After RDR Set) Waveforms
s 45
|
SIN | See Note A
(first byte) Stop |
|
Sample |
CLK :
1
tgg —¥ :‘— |
RYRDY (see Note B ) | I
50% sk | # 50%
L N |
0T U
tpd7 ¥ [

Figure 12. Receiver Ready Mode 0 Waveforms

NOTES: A. This is the reading of the last byte in the FIFO.
B. When FCRO=1, then tyg = 3 RCLK cycles. For a time-out interrupt, t4g = 8 RCLK cycles.
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PARAMETER MEASUREMENT INFORMATION

{(
)

IOR

|
RXRDY 50% sk
L

)]

(RD RBR) S0% R _Active

SN | See Note A
(first byte that reaches !
the trigger level) Stop I
Sample '
CLK I
tgg —H  le— I
(see Note B) | |
|
i

tpd7 —? [

NOTES: A. This is the reading of the last byte in the FIFO.
B. When FCRO=1, then tgg = 3 RCLK cycles. For a trigger change level interrupt, tqg = 8 RCLK

Figure 13. Receiver Ready Mode 1 Waveforms
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Figure 14. Modem Control Timing Waveforms
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PARAMETER MEASUREMENT INFORMATION
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Figure 15. Parallel Port Timing Waveforms
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Figure 16. RESET Voltage Waveform
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PRINCIPLES OF OPERATION -

Three types of information are stored in the internal registers used in the ACE: control, status, and data.
Mnemonic abbreviations are shown in the Table 1 for the registers.

Table 1. Internal Register Types With Mnemonics

CONTROL MNEMONIC STATUS MNEMONIC DATA MNEMONIC
Line control register LCR Line status register LSR Receiver buffer register RBR
FIFO control register FCR Modem status register MSR Transmitter holding register THR
Modem control register MCR
Divisor latch LSB DLL
Divisor latch MSB DLM
Interrupt enable register IER

The address, read, and write inputs are used with the divisor latch access bit (DLAB) in the line control register
(bit 7) to select the register to be written to or read from (see Table 2).

Table 2. Register Selectiont¥

DLAB A2 Al A0 MNEMONIC REGISTER

L L L L RBR Receiver buffer register (read only)
L L L L THR Transmitter holding register (write only)
L L L H IER Interrupt enable register
X L H L iR Interrupt identification register (read only)
X L H L FCR FIFO control register (write only)
X L H H LCR Line control register
X H L L MCR Modem control register
X H L H LSR Line status register
X H H L MSR Modem status register
X H H H SCR Scratch register
H L L L DLL Divisor latch (LSB)
H L L H DLM Divisor latch (MSB)

f X = irrelevant, L = low level, H = high level

¥ The serial channel is accessed when either CS0 or TS is low.

Individual bits within the registers are referred to by the register mnemonic and the bit number in parenthesis.
As an example, LCR7 refers to line control register bit 7.

The transmitter buffer register and receiver buffer register are data registers that hold from five to eight bits of
data. If less than eight data bits are transmitted, data is right justified to the LSB. Bit O of a data word is always
the first serial data bit received and transmitted. The ACE data registers are double buffered so that read and
write operations may be performed when the ACE is performing the parallel-to-serial or serial-to-parallel
conversion.
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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 2. These registers control ACE operations, receive data, and transmit data. Descriptions
of these registers follow Table 3.

Table 3. Summary of Accessible Registers

ADDRESS REGISTER REGISTER BIT NUMBER
MNEMONIC BIT7 BIT 6 BITS BIT4 BIT3 BIT 2 BIT 1 BITO
0 RBR Data Data Data Data Data Data Data Data
(read only) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
(MSB) (LSB)
0 THR Data Data Data Data Data Data Data Data
(write only) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
of DLL Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
1T DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
1 IER 0 0 0 0 (EDSSI) (ERLSI) (ETBEI) (ERBFI)
Enable Enable Enable Enable
modem receiver transmitter received
status line holding data
interrupt status register available
interrupt empty interrupt
interrupt
2 FCR Receiver Receiver Reserved Reserved DMA Tranmitter Receiver FIFO
(write only) Trigger Trigger mode FIFO FIFO Enable
(MSB) (LSB) select reset reset
2 IR FIFOs FIFOs 0 0 Interrupt ID Interrupt ID Interrupt ID 0 if
(read only) Enabled¥ Enabled¥ Bit (2)% Bit (1) Bit (0) interrupt
pending
3 LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO)
Divisor latch break parity Even parity Parity Number of | Wordlength | Word length
access bit select enable stop bits select bit 1 select bit 0
4 MCR 0 0 0 Loop Enable OuUT1 (RTS) (DTR)
external (an unused Request Data
interrupt internal to send terminal
(INTO or signal) ready
INT1)
5 LSR Error in (TEMT) (THRE) (8l) (FE) (PE) (OE) (DR)
receiver Transmitter | Transmitter Break Framing Parity Overrun Data
FIFO¥ empty holding interrupt error error error ready
register
empty
6 MSR (DCD) (RI) (DSR) (CTS) (ADCD) (TERI) (ADSR) (ACTS)
Data carrier Ring Data set Clear Delta Trailing Delta Delta
detect indicator ready to send data carrier edge ring data set clear
detect indicator ready to send
7 SCR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
tDLAB =1

¥ These bits are always 0 when FIFOs are disabled.
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PRINCIPLES OF OPERATION

FIFO control register (FCR)

This write-only register is at the same location as the IIR. It enables and clears the FIFOs, sets the trigger level
of the receiver FIFO, and selects the type of DMA signaling. The contents of FCR are described in Table 3 and
the following bulleted list.

Bit 0: FCRO enables both the transmitter and receiver FIFOs. All bytes in both FIFOs can be reset by
clearing FCRO. Data is cleared automatically from the FIFOs when changing from the FIFO mode to the
TL16C450 mode and vice versa. Programming of other FCR bits is enabled by setting FCRO=1.

Bit 1: FCR1=1 clears all bytes in the receiver FIFO and resets the counter. This does not clear the shift
register.

Bit2: FCR2=1 clears all bytes in the transmitter FIFO and resets the counter. This does not clear the shift
register.

Bit 3: FCR3=1 changes the RXRDY and TXRDY terminals from mode 0 to mode 1 when FCRO=1.
Bits 4 and 5: These two bits are reserved for future use.

Bits 6 and 7: These two bits set the trigger level for the receiver FIFO interrupt as shown in Table 4.

Table 4. Receiver FIFO Trigger Level

BIT RECEIVER FIFO

7 s TRIGGER LEVEL (BYTES)
0 0 01

0 1 04

1 0 08

1 1 14

FIFO interrupt mode operation

The following receiver status occurs when the receiver FIFO and receiver interrupts are enabled:

1.

LSRO is set when a character is transferred from the shift register to the receiver FIFO. When‘the FIFO is
empty, itis cleared.

IIR = 06 receiver line status interrupt has higher priority than the received data available interrupt [IR = 04.

Receive data available interrupt is issued to the CPU when the programmed trigger level is reached by the
FIFO. As soon as the FIFO drops below its programmed trigger level, it is cleared.

IIR = 04 (receive data available indication) also occurs when the FIFO reaches its trigger level. It is cleared
when the FIFO drops below the programmed trigger level.

The following receiver FIFO character time-out status occurs when receiver FIFO and receiver interrupts are
enabled.
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PRINCIPLES OF OPERATION

FIFO interrupt mode operation (continued)

1.

4.

A FIFO timeout interrupt occurs when the following conditions exist:
a. Minimum of one character in FIFO

b. Lastreceived serial character was longer than four continuous previous character times ago (if two stop
bits are programmed, the second one is included in the time delay).

c. Thelast CPU read of the FIFO was more than four continuous character times earlier. At 300 baud and
12-bit characters, the FIFO time-out interrupt causes a latency of 160 ms maximum from received
character to interrupt issued.

By using the RCLK input for a clock signal, the character times can be calculated. (The delay is proportional
to the baud rate.)

The time-out timer is reset after the CPU reads the receiver FIFO or after a new character is received, when
there has been no time-out interrupt.

Atime-outinterruptis cleared and the timer is reset when the CPU reads a character from the receiver FIFO.

Transmitter interrupts occur as follows when the transmitter and transmitter FIFO interrupts are enabled
(FCRO =1,IER=1).

1.

When the transmitter FIFO is empty, the THR interrupt (IIR = 02) occurs. The interrupt is cleared as soon
as the THR is written to or the lIR is read. One to sixteen characters can be written to the transmit FIFO when
servicing this interrupt.

The transmitter FIFO empty indications are delayed one character time minus the last stop bit time
whenever the following occurs:

THRE = 1 and there has not been a minimum of two bytes at the same time in transmitter FIFO, since the
last THRE = 1. The first transmitter interrupt after changing FCRO is immediate, however, assuming it is
enabled.

Receiver FIFO trigger level and character time-out interrupts have the same priority as the received data
available interrupt. The THRE interrupt has the same priority as the transmitter FIFO empty interrupt.

FIFO polled mode operation

Clearing IERO, IER1, IER2, IERS3, or all, with FCRO = 1, puts the ACE into the FIFO polled mode. Receiver and
transmitter are controlled separately. Therefore, either or both can be in the polled mode.

In the FIFO polled mode, there is no time-out condition indicated or trigger level reached. However, the receiver
and transmitter FIFOs still have the capability of holding characters. The LSR must be read to determine the
ACE status.

interrupt enable register (IER)

The IER independently enables the four serial channel interrupt sources that activate the interrupt (INTO or
INT1) output. All interrupts are disabled by clearing IERO — IER3. Interrupts are enabled by setting the
appropriate bits of the IER. Disabling the interrupt system inhibits the 1IR and the active (high) interrupt output.
All other system functions operate in their normal manner, including the setting of the LSR and MSR. The
contents of the IER are described in Table 3 and in the following bulleted list.

® Bit0: IERO, when set, enables the received data available interrupt and the time-out interrupts in the FIFO

mode.
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interrupt enable register (IER) (continued)

Bit 1: IER1, when set, enables the THRE interrupt.

Bit 2: IER2, when set, enables the receiver line status interrupt.
Bit 3: IERS3, when set, enables the modem status interrupt.

Bits 4 — 7: IER4 — IER7 are always cleared.

interrupt identification register (lIR)

In order to minimize software overhead during data character transfers, the serial channel prioritizes interrupts
into four levels. The four levels of interrupt conditions are shown in the following bulleted list:

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)

Information indicating that a prioritized interrupt is pending and the type of interrupt is stored in the IIR. The IR
indicates the highest priority interrupt pending. The contents of the IIR are indicated in Table 5.

Table 5. Interrupt Control Functions

FIFO INTERRUPT

MODE IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS

ONLY REGISTER

Bir3 |Bir2 |Bir1 [emo |PRORTY | nreRRUPT TYPE INTERRUPT SOURCE N L oET

0 0 0 1 - None None -

(o] 1 1 0 First Receiver line status OE, PE, FE, or Bl LSR read

0 1 0. 0 Second | Received data available | Receiver data available or trigger level | RBR read until FIFO

reached drops below the
trigger level

1 1 0 0 Second | Character time-out No characters have been removed | RBR read

indication from or input to the receiver FIFO
during the last four character times and
there is at least one character in'it
during this time. )

0 0 1 0 Third THRE THRE IIR read if THRE is
the interrupt source
or THR write

0 0 0 0 Fourth | Modem status CTS, DSR, RI, or DCD ' MSR read

® Bit 0: IIR0 indicates whether an interrupt is pending. When IR0 is cleared, an interrupt is pending.
Bits 1 and 2: 1IR1 and IIR2 identify the highest priority interrupt pending as indicated in Table 5.
@ Bit 3: 1IR3 is always cleared when in the TL16C450 mode. This bit is set along with bit 2 when in the FIFO
mode and a trigger change level interrupt is pending.
® Bits 4 and 5: 1IR4 and IIR5 are always cleared.
® Bits 6 and 7: 1IR6 and IIR7 are set when FCRO=1.
¥ 1
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line control register (LCR)

The format of the data character is controlled by the LCR. The LCR may be read. Its contents are described
in the following bulleted list and shown in Figure 17.

Bits 0 and 1: LCRO and LCR1 are the word length select bits. The number of bits in each serial character
is programmed as shown in Figure 17.

Bit 2: LCR2 is the stop bit select bit. LCR2 specifies the number of stop bits in each transmitted character
as shown in Figure 17. The receiver always checks for one stop bit.

Bit 3: LCRS3 is the parity enable bit 3. When LCRS3 is high, a parity bit between the last data word bit and
stop bit is generated and checked.

Bit 4: LCRA4 is the even parity select bit 4. When enabled, setting this bit selects even parity.

Bit 5: LCRS5 is the stick parity bit 5. When parity is enabled (LCR3=1), LCR5=1 causes the transmission
and reception of a parity bit to be in the opposite state from the value of LCR4. This forces parity to a known
state and allows the receiver to check the parity bit in a known state.

Bit 6: LCR6 is the break control bit 6. When LCR6 is set, the serial output (SOUT1 and SOUTO) is forced
to the spacing state (low). The break control bit acts only on the serial output and does not affect the
transmitter logic. When the following sequence is used, no invalid characters are transmitted because of
the break:

Step 1. Load a zero byte in response to the transmitter holding register empty (THRE) status indication.
Step 2. Set the break in response to the next THRE status indication.

Step 3. Wait for the transmitter to be idle when transmitter empty status signal is set high (TEMT=1). Then
clear the break when the normal transmission has to be restored.

Bit 7: LCR7 is the divisor latch access bit (DLAB) bit 7. Bit 7 must be set to access the divisor latches DLL
and DLM of the baud rate generator during a read or write operation. LCR7 must be cleared to access the
receiver buffer register, the transmitter holding register or the interrupt enable register.
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line control register (LCR) (continued)

LINE CONTROL REGISTER

LCR|{LCR|LCR|LCR|LCR|LCR|{LCR|LCR
7 6 5 4 3 2 1 0

LI—_"_ 0 0 =5 Data Bits
Word Length 0 1 =6 Data Bits
Select ot 1 0 =7 Data Bits
1 1 =8 Data Bits
0 = 1 Stop Bits
L, StopBit 1 = 1.5 Stop Bits if 5 Data Bits Selected
Select 2 Stop Bits if 6, 7, 8 Data Bits Selected
) - 0 = Parity Disabled
»— Parity Enable 1= Parity Enabled
o Even Parity 0 = Odd Parity
" Select 1 = Even Parity

0 = Stick Parity Disabled
1 = Stick Parity Enabled

»— Stick Parity

0 = Break Disabled

>~ BreakControl  {_ preak Enabled
o Divisor Latch 0 = Access Receiver Buffer
" Access Bit 1 = Access Divisor Latches

Figure 17. Line Control Register Contents

line printer port (LPT)

The line printer port contains the functionality of the port included in the TL16C452, but offers a hardware
programmable extended mode controlied by the printer enhancement mode (PEMD) terminal. This
enhancement is the addition of a direction control bit, and an interrupt status bit.

register 0 line printer data register (LPD)

The LPD port is either output only or bidirectional, depending on the state of the extended mode terminal and
data direction control bits.

® Compatibility mode (PEMD is low). Reads to the LPD register return the last data that was written to the
port. Write operations immediately output data to the PDO—PD7 terminals.

® Extended mode (PEMD is high). Read operations return either the data last written to the LPT data register
when the direction bit is cleared to write, or the data that is present on PDO—PD7 when the direction is set
to read. Writes to the LPD register latch data into the output register, but only drive the LPT port when the
direction bit is cleared to write.
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line printer port (LPT) (continued)

Table 6 summarizes the possible combinations of extended mode and the direction control bit. In either
case, the bits of the LPD register are defined as follows:

Table 6. Extended Mode and Direction Control Bit Combinations

PEMD DIR PDO-PD7 FUNCTION
L X PC/AT mode - output
H 0 PS/2™ mode - output
H 1 PS/2™ mode — input

register 1 read line printer status register

The line printer status (LPS) register is a read-only register that contains interrupt and printer status of the LPT
connector terminals. In Table 7 (in the default column), are the values of each bit after reset in the case of the
printer being disconnected from the port.

Table 7. LPS Register Bit Description

BIT DESCRIPTION DEFAULT
Reserved 1
Reserved
PRINT
ERR
SLCT
PE
ACK
7 BSY
t Outputs are dependent upon device inputs.

olaldlwINdvI=+]O

—+ |+ |+ |=+]|=+]=]|=

Bits 0 and 1: These bits are reserved and are always set.

® Bit2: This bit is the printer interrupt (PRINT, active low) status bit. When cleared indicates that the printer
has acknowledged the previous transfer with an ACK handshake (bit 4 of the control register is set). The
bit is cleared on the active to inactive transition of the ACK signal. This bit is set after a read of the status
port.

Bit 3: This bit is the error (ERR, active low) status bit corresponds to ERR input.
Bit 4: This bit is the select (SLCT) status bit corresponds to SLCT input.
Bit 5: This bit is the paper empty (PE) status bit corresponds to PE input.

Bit 6: This bit is the acknowledge (ACK, active low) status bit corresponds to ACK input.
® Bit 7: This bit is the busy (BSY, active low) status bit corresponds to BUSY input (active high).
register 2 line printer control (LPC) register

The LPC register is read/write port that controls the PDO—PD?7 direction and drive the printer control lines. Write
operations set or clear these bits, while read operations return the state of the last write operation to this register.
The bits in this register are described in Table 8.

PS/2 is a trademark of International Business Machines Corporation.
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line printer port (LPT) (continued)

Table 8. LPC Register Bit Description

BIT DESCRIPTION
STB
AFD
INIT
SLIN
INT2 EN
DIR
Reserved (0)
7 Reserved (0)

ojoldhjwin]=|O

Bit 0: This bit is the printer strobe (STB) control bit. When this bit is set, the STB signal is asserted on the
LPT interface. When STB is cleared, the signal is negated.

Bit 1: This bit is the auto feed (AFD) control bit. When this bit is set, the AFD signal is asserted on the LPT
interface. When AFD is cleared, the signal is negated.

Bit 2: This bit is the initialize printer (INIT) control bit. When this bit is set, the INIT signal is negated. When
INIT is cleared, the INIT signal is asserted on the LPT interface.

Bit 3: This bit is the select input (SLIN) control bit. When this bit is set, the SLCT signal is asserted on the
LPT interface. when SLIN is cleared, the signal is negated.

Bit4: This bitis the interrupt request enable (INT2 EN) control bit. When set, this bit enables interrupts from
the LPT port whenever the ACK signal is released. When cleared, INT2 EN disables interrupts and places
INT2 signal in 3-state.

Bit5: This bitis the direction (DIR) control bit (only used when PEMD is high). When this bit is set, the output
buffers in the LPD port are disabled allowing data driven from external sources to be read from the LPD port.
When DIR is cleared, the LPD port is in output mode.

line status register (LSR)

The LSR is a single register that provides status indications. The LSR is shown in Table 9 and is described in
the following bulleted list.

Table 9. Line Status Register Bits

LSR BITS 1 0

LSRO data ready (DR) Ready Not ready
LSR1 overrun error (OE) Error No error
LSR2 parity error (PE) Error No error
LSR3 framing error (FE) Error No error
LSR4 break interrupt (BI) Break No break
LSR5 THRE Empty Not empty
LSR6 transmitter empty (TEMT) Empty Not empty
LSR7 receiver FIFO error Error in FIFO No error in FIFO

TLSR s intended only for factory test. It should be considered as read only by applications software.
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line status register (LSR) (continued)

Bit 0: LSRO is the data ready (DR) bit. DR is set high when an incoming character has been received and
transferred into the receiver buffer register or the FIFO. LSRO is cleared by a CPU read of the data in the
receiver buffer register or the FIFO.

Bit 1: SR1 is the overrun error (OE) bit. OE indicates that data in the receiver buffer register was not read
by the CPU before the next character was transferred into the receiver buffer register overwriting the
previous character. The OE indicator is cleared whenever the CPU reads the contents of the LSR. An OE
occurs in the FIFO mode after the FIFO is full and the next character is completely received. The OE is
detected by the CPU on the first LSR read after the overrun happens. The character in the shift register is
not transferred to the FIFO but it is overwritten.

Bit 2: LSR2 is the parity error (PE) bit. PE indicates that the received data character does not have the
correct parity as selected by LCR3 and LCR4. The PE bitis set upon detection of a parity error and is cleared
when the CPU reads the contents of the LSR. In the FIFO mode, the parity error is associated with a
particular character in the FIFO. LSR2 reflects the error when the character is at the top of the FIFO.

Bit 3: LSR3 is the framing error (FE) bit. FE indicates that the received character did not have a valid stop
bit. LSR3 is set when the stop bit following the last data bit or parity bit is detected as a zero bit (spacing
level). The FE indicator is cleared when the CPU reads the contents of the LSR. In the FIFO mode, the
framing error is associated with a particular character in the FIFO. LSRS3 reflects the error when the
character is at the top of the FIFO.

Bit 4: LSR4 is the break interrupt (Bl) bit. Bl is set when the received data input is held in the spacing
(cleared) state for longer than a full word transmission time (start bit + data bits + parity + stop bits). The
Bl indicator is cleared when the CPU reads the contents of the LSR. In the FIFO mode, this is associated
with a particular character in the FIFO. LSR2 reflects the Bl when the break character is at the top of the
FIFO. The error is detected by the CPU when its associated character is at the top of the FIFO during the
first LSR read. Only one zero character is loaded into the FIFO when Bl occurs.

LSR1 - LSR4 are the error conditions that produce a receiver line status interrupt (priority 1 interrupt in the
interrupt identification register) when any of the conditions are detected. This interrupt is enabled by setting
IER2=1 in the interrupt enable register.

Bit 5: LSR5 is the THRE bit. THRE indicates that the ACE is ready to accept a new character for
transmission. The THRE bit is set when a character is transferred from the transmitter holding register
(THR) into the transmitter shift register (TSR). LSR5 is cleared by the loading of the transmitter holding
register by the CPU. LSR5 is not reset by a CPU read of the LSR. In the FIFO mode when the transmitter
FIFO is empty, this bit is set. it is cleared when one byte is written to the transmitter FIFO. When the THRE
interruptis enabled by IER1, THRE causes a priority 3interrupt in the [IR. When THRE is the interrupt source
indicated in lIR, INTRPT is cleared by a read of the IIR.

Bit 6: LSR6 is the transmitter empty (TEMT) bit. TEMT is set when the THR and the TSR are both empty.
LSRE6 is cleared when a character is loaded into the THR and remains low until the character is transferred
out of SOUT. TEMT is not cleared by a CPU read of the LSR. In the FIFO mode, when both the transmitter
FIFO and shift register are empty, this bit is set.

Bit 7: LSR7 is the receiver FIFO error bit. The LSR7 bit is always cleared in the TL16C450 mode. in FIFO
mode, it is set when at least one of the following data errors is in the FIFO: PE, FE, or Bl indication. It is
cleared when the CPU reads the LSR if there are no subsequent errors in the FIFO.
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master reset

After power up, the ACE RESET input should be held low for one microsecond to reset the ACE circuits to an
idle mode until initialization. A low on RESET causes the following:

1.- ltinitializes the transmitter and receiver clock counters.

2. ltclears the LSR, except for TEMT and THRE, which are set. The MCR is also cleared. All of the discrete
lines, memory elements, and miscellaneous logic associated with these register bits are also cleared or
turned off. The LCR, divisor latches, RBR, and transmitter buffer register are not effected.

Following the removal of the reset condition (RESET high), the ACE remains in the idle mode until programmed.
A hardware reset of the ACE sets the THRE and TEMT status bit in the LSR. When interrupts are subsequently
enabled, an interrupt occurs due to THRE. A summary of the affect of a reset on the ACE is given in Table 10.

Table 10. RESET Affects On Registers and Signals

REGISTER/SIGNAL RESET CONTROL RESET
Interrupt enable register Reset g«grmt:nc:ﬁgred (0-3forced and 4-7
Interrupt identification register Reset g::so 4iiZe;’rzi:)se:r;]ihz’ng;i?gazeﬂeared
Line control register Reset All bits cleared
Modem control register Reset All bits cleared
FIFO control register Reset All bits cleared
Line status register Reset All bits cleared, except bits 5 and 6 are set
Modem status register Reset Bits 0—3 cleared, bits 4—7 input signal
SOuUT Reset High
Interrupt (receiver errs) Read LSR/Reset Cleared
Interrupt (receiver data ready) Read RBR/Reset " | Cleared
Interrupt (THRE) Read IIR/Write THR/Reset Cleared
Interrupt (modem status changes) Read MSR/Reset Cleared
0ouT2 Reset High
RTS  Reset High
DTR Reset High
OUT1 Reset High
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modem control register (MCR)

The MCR controls the interface with the modem or data set as described in Figure 18. The MCR can be written
to and read from. The RTS and DTR outputs are directly controlled by their control bits in this register. A high
input asserts a low (true) at the output terminals. MCR bits 0, 1, 2, 3, and 4 are shown as follows:

MODEM CONTROL REGISTER

MCR| MCR | MCR | MCR | MCR | MCR | MCR | MCR
7 6 5 4 3 2 1 0

> Data Terminal 0 = DTR Output High (inactive)
Ready 1 = DTR Output Low (active)

) Request 0 = RTS Output High (inactive)
to Send 1 = RTS Output Low (active)

0
1

OUT1 Output High

e
Out 1 OUT1 Output Low

0 = OUT2 Output High

>— Out2 1 = OUT2 Output Low
N 0 = Loop Disabled
>— Loop 1 = Loop Enabled

>

> Bits are Cleared

Figure 18. Modem Control Register Contents

® Bit 0: When MCRO is set, the DTR output is forced low. When MCRO is cleared, the DTR output is forced
high. The DTR output of the serial channel can be input into an inverting line driver in order to obtain the
proper polarity input at the modem or data set.

® Bit 1: When MCR1 is set, the RTS output is forced low. When MCR1 is cleared, the RTS output is forced
high. The RTS output of the serial channel can be input into an inverting line driver to obtain the proper
polarity input at the modem or data set.

Bit 2: When MCR2 is set, OUT1 is forced low.
Bit 3: When MCR3 is set, the OUT2 output is forced low.

® Bit 4: MCR4 provides a local loopback feature for diagnostic testing of the channel. When MCR4 is set,
serial output (SOUT) is set to the marking (high) state, and the SIN is disconnected. The output of the TSR
is looped back into the receiver shift register input. The four modem control inputs (CTS, DSR, DCD, and
RI) are disconnected. The modem control outputs (DTR, RTS, OIUTT, and OUT2) are internally connected
to the four modem control inputs. The modem control output terminals are forced to their inactive state (high)
on the TL16C552. In the diagnostic mode, data transmitted is immediately received. This allows the
processor to verify the transmit and receive data paths of the selected serial channel. Interrupt control is
fully operational. However, interrupts are generated by controlling the lower four MCR bits internally.

Interrupts are not generated by activity on the external terminals represented by those four bits.
® Bits 5 -7: These three bits(MCR5 — MCR7) are permanently cleared.
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modem status register (MSR)

The MSR provides the CPU with status of the modem input lines from the modem or peripheral devices. The
MSR allows the CPU to read the serial channel modem signal inputs by accessing the data bus interface of the
ACE in addition to the current status of four bits of the MSR that indicate whether the modem inputs have
changed since the last reading of the MSR. The delta status bits are set when a control input from the modem
changes state and cleared when the CPU reads the MSR.

The modem input lines are CTS, DSR, RI, and DCD. MSR4 — MSR?7 are status indications of these lines. A
status bit = 1 indicates the input is a low. A status bit = 0 indicates the input is high. When the modem status
interrupt in the interrupt enable register is enabled (IER3), an interrupt is generated whenever MSRO — MSR3
is set. The MSR is a priority 4 interrupt. The contents of the MSR are described in Table 11.

Table 11. Modem Status Register Bits

MSR BIT MNEMONIC DESCRIPTION
MSRO ACTS Delta clear to send
MSR1 ADSR Delta data set ready
MSR2 TERI Trailing edge of ring indicator
MSR3 ADCD Delta data carrier detect
MSR4 CTS Clear to send
MSR5 DSR Data set ready
MSR6 RI Ring indicator
MSR7 DCD Data carrier detect

® Bit 0: MSRO is the delta clear to send (ACTS) bit. ACTS displays that the CTS input to the serial channel
has changed state since it was last read by the CPU.

® Bit1: MSR1 isthe delta data set ready (ADSR) bit. ADSR indicates that the DSR input to the serial channel
has changed state since the last time it was read by the CPU.

® Bit 2: MSR2 is the trailing edge of ring indicator (TERI) bit. TERI indicates that the RI input to the serial
channel has changed states from low to high since the last time it was read by the CPU. High-to-low
transitions on RI do not activate TERI.

® Bit 3: MSR3 is the delta data carrier detect (ADCD) bit. ADCD indicates that the DCD input to the serial
channel has changed state since the last time it was read by the CPU.

® Bit 4: MSR4 is the clear to send (CTS) bit. CTS is the complement of the CTS input from the modem
indicating to the serial channel that the modem is ready to receive data from SOUT. When the serial channel
is in the loop mode ((MCR4 = 1), MSR4 reflects the value of RTS in the MCR.

® Bit5: MSRS5 is the data set ready (DSR) bit. DSR is the complement of the DSR input from the modem to
the serial channel that indicates that the modem is ready to provide received data to the serial channel
receiver circuitry. When the channel is in the loop mode (MCR4=1), MSR5 reflects the value of DTR in the
MCR.

® Bit6: MSR6 is the ring indicator (RI) bit. Rl is the complement of the Rl input. When the channel is in the
loop mode (MCR4=1), MSRE6 reflects the value of OUT1 in the MCR.

® Bit7: MSRY7 is the data carrier detect (DCD) bit. DCD indicates the status of the data carrier detect (DCD)
input. When the channel is in the loop mode (MCR4=1), MSR7 reflects the value of OUT2 in the MCR.

2-178

“-’? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL16C552
DUAL ASYCHRONOUS COMMUNICATIONS ELEMENT
WITH FIFO

SLLS102B - DECEMBER 1990 — REVISED MARCH 1996

PRINCIPLES OF OPERATION

modem status register (MSR) (continued)

Reading the MSR register clears the delta modem status indications but has no affect on the other status bits.
For LSR and MSR, the setting of status bits is inhibited during status register read operations. When a status
condition is generated during a read IOR operation, the status bit is not set until the trailing edge of the read.
If a status bit is set during a read operation, and the same status condition occurs, that status bit is cleared at
the trailing edge of the read instead of being set again. In the loop back mode, when modem status interrupts

are enabled, the CTS, DSR, Rl and DCD input terminals are ignored. However, a modem status interrupt can
still be generated by writing to MCR3 — MCRO. Applications software should not write to the MSR.

parallel port registers

The TL16C552 paraliel port can interface to the device to a Centronics-style printer interface. When chip select
2 (CS2) is low, the parallel port is selected. Table 12 shows the registers associated with this parallel port. The
read or write function of the register is controlled by the state of 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 six most significant
bits. The status bits are printer busy BSY, acknowledge (ACK) which is a handshake function, paper empty (PE),
printer selected (SLCT), error (ERR) and printer interrupt (PRINT). 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. They are direction
(DIR), interrupt enable (INT2 EN), 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. 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 parallel adaptor.

Table 12. Parallel Port Registers

REGISTER BITS
REGISTER

BIT7 BIT6 BIT5 BIT4 BIT3 BIT 2 BIT1 BITO
Read Data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Read Status BSY ACK PE SLCT ERR PRINT 1 1
Read Control 0 0 DIR INT2 EN SLIN INIT AFD STB
Write Data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Write Control 0 0 DIR INT2 EN SLIN INIT AFD STB

Table 13. Parallel Port Register Select

CONTROL TERMINALS
R o] oo Y 0 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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programmable baud generator

The ACE serial channel contains a programmable baud rate generator that divides the clock (dc to 8 MHz) by
any divisor from 1 to (216-1). The output frequency of the baud rate generator is 16x the data rate (divisor #
=clock + (baud rate x 16)) referred to in this document as RCLK. Two 8-bit divisor latch registers store the divisor
in a 16-bit binary format. These divisor latch registers must be loaded during initialization. Upon loading either
of the divisor latches, a 16-bit baud counter is immediately loaded. This prevents long counts on initial load. The
baud rate generator can use any of three different popular frequencies to provide standard baud rates. These
frequencies are 1.8432 MHz, 3.072 MHz, and 8 MHz. With these frequencies, standard bit rates from 50- to
512-kbits/s are available. Tables 14, 15, and 16 illustrate the divisors needed to obtain standard rates using

these three frequencies.

Table 14. Baud Rates Using a 1.8432-MHz Crystal

BAUD RATE DIVISOR (N) USED TO PERCENT ERROR DIFFERENCE
DESIRED GENERATE 16 X CLOCK BETWEEN 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 0.690
2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -
19200 6 -
38400 3 -
56000 2 2.860

Table 15. Baud Rates Using a

3.072-MHz Crystal

BAUD RATE DIVISOR (N) USED TO PERCENT ERROR DIFFERENCE
DESIRED GENERATE 16 X CLOCK BETWEEN DESIRED AND ACTUAL
50 3840 -
75 2560 -
110 1745 0.026
134.5 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 1.230
9600 20 -
19200 10 -
38400 5 -
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PRINCIPLES OF OPERATION

programmable baud generator (continued)

Table 16. Baud Rates Using a 8.192-MHz Crystal

BAUD RATE DIVISOR (N) USED TO PERCENT ERROR DIFFERENCE
DESIRED GENERATE 16 X CLOCK BETWEEN DESIRED AND ACTUAL
50 1000 -
75 6667 0.005
110 4545 0.010
134.5 3717 0.013
150 3333 0.010
300 1667 0.020
600 833 0.040
1200 417 0.080
1800 277 0.080
2000 250 -
2400 208 0.160
3600 139 0.080
4800 104 0.160
7200 69 0.644
9600 52 0.160
19200 26 0.160
38400 13 0.160
56000 9 0.790
128000 4 2.344
256000 2 2.344
512000 1 2.400

programming

The serial channel of the ACE is programmed by the control registers: LCR, IER, DLL, DLM, MCR, and FCR.
These control words define the character length, number of stop bits, parity, baud rate, and modem interface.

While the control registers can be written in any order, the IER should be written last because it controls the
interrupt enables. Once the serial channel is programmed and operational, these registers can be updated any
time the ACE serial channel is not transmitting or receiving data.

receiver

Serial asynchronous data is input into the SIN terminal. The ACE continually searches for a high-to-low
transition

from the idle state. When the transition is detected, a counter is cleared, and counts the 16 x clock to 7 1/2, which
is the center of the start bit. The start bit is valid when the SIN is still low. Verifying the start bits prevents the
receiver from assembling a false data character due to a low-going noise spike on the SIN input.

The LCR determines the number of data bits in a character [LCRO, LCR1]. When parity is used LCR3 and the
polarity of parity LCR4 are needed. Status for the receiver is provided in the LSR. When a full character is
received, including parity and stop bits, the data received indication in LSRO is set. The CPU reads the RBR,
which clears LSRO. If the character is not read prior to a new character transfer from the RSR to the RBR, the
OE status indication is set in LSR1. When there is a PE, the PE bit is set in LSR2. If a stop bit is not detected,
a FE indication is set in LSR3.

When the data into SIN is a symmetrical square wave, the center of the data cells occurs within £3.125% of the
actual center, providing an error margin of 46.875%. The start bit can begin as much as one 16x clock cycle
prior to being detected.
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scratchpad register

The scratch register is an 8-bit read/write register that has no affect on either channel in the ACE. It is intended
to be used by the programmer to temporarily hold data.
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® IBM PC/AT™ Compatible

® Two TL16C550 ACEs

® Enhanced Bidirectional Printer Port
® 16-Byte FIFOs Reduce CPU Interrupts

® Up to 16-MHz Clock Rate for up to 1-Mbaud
Operation

® Independent Control of Transmit, Receive,
Line Status, and Data Set Interrupts on

©® Programmable Serial Interface
Characteristics for Each Channel:
— 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

©® 3-State Outputs Provide TTL Drive for the
Data and Control Bus on Each Channel

® Hardware and Software Compatible With

Each Channel TL16C452
® Individual Modem Control Signals for Each
Channel
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description

The TL16C552A is an enhanced dual channel version of the popular TL16C550B asynchronous
communications element (ACE). The device serves two serial input/output interfaces simultaneously in
microcomputer or microprocessor-based systems. Each channel performs serial-to-parallel conversion on data
characters received from peripheral devices or modems and parallel-to-serial conversion on data characters

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

PRODUCTION DATA information is current as of publication date. o
Products conform to specifications per the terms of Texas Instruments l
standard warranty. not include

testing of all parameters.

Copyright © 1996, Texas Instruments Incorporated
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description (continued)

transmitted by the CPU. The complete status of each channel of the dual ACE can be read at any time during
functional operation by the CPU. The information obtained includes the type and condition of the transfer
operations being performed and the error conditions.

In addition to its dual communications interface capabilities, the TL16C552A provides the user with a
bidirectional parallel data port that fully supports the parallel Centronics-type printer interface. The parallel port
and the two serial ports provide IBM PC/AT-compatible computers with a single device to serve the three system
ports. A programmable baud rate generator is included that can divide the timing reference clock input by a
divisor between 1 and (216 - 1),

The TL16C552A is available in a 68-pin plastic leaded chip-carrier (FN) package.

functional block diagram
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Terminal Functions

TERMINAL

NAME

NO.

o

DESCRIPTION

68

Line printer acknowledge. ACK goes low to indicate a successful data transfer has taken place.
ACK generates a printer port interrupt during its positive transition.

AFD

56

/0

Line printer autofeed. AFD is an open-drain line that provides the printer with an active-low signal
when continuous form paper is to be autofed to the printer. AFD has an internal pullup resistor to
Vpp of approximately 10 kQ.

AQ, A1, A2

35, 34, 33

Address. The address lines AO—A2 select the internal registers during CPU bus operations. See
Table 2 for the decode of the serial channels and Table 13 for the decode of the parallel printer port.

44

Bus buffer. BDO is an active-high output that is asserted when either serial channel or the parallel
port is read. BDO controls the system bus driver (74L.S245).

66

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

4

Clock. CLK is the external clock input to the baud rate divisor of each ACE.

S0, CS1, CS2

32, 3,38

Chip select. Each input acts as an enable for the write and read signals for serial channels 1 (CS0)
and 2 (CS1). CS2 enables the signals to the printer port.

CTS0, CTSt

28,13

Clear to send. The logical state of each CTSx terminal is reflected in the CTS bit of the modem
status register (CTS is bit 4 of the modem status register, written MSR4) of each ACE. A change
of state in either CTSx terminal, since the previous reading of the associated modem status register,
causes the setting of ACTS (MSRO0) of each modem status register.

DBO -DB7

14-21

/10

Data bits DBO - DB7. The data bus provides eight I/O lines with 3-state outputs for the transfer of
data, control, and status information between the TL16C552A and the CPU. These lines are
normally in the high-impedance state except during read operations. DBO is the least significant bit
(LSB) and is the first serial data bit to be received or transmitted.

DCDO, DCD1

29,8

Data carrier detect. DCDx is a modem input. Its condition can be tested by the CPU by reading
MSR7 (DCD) of the modem status registers. MSR3 (A DCD) of the modem status register indicates
whether the DCD input has changed since the previous reading of the modem status register. DCDx
has no affect on the receiver.

DSRO, DSR1

Data set ready. The logical state of the DSRx terminals is reflected in MSR5 of its associated
modem status register. ADSR (MSR1) indicates whether the associated DSRx terminal has
changed state since the previous reading of the modem status register.

DTRO, DTR1

25,11

Data terminal ready. Each DTRx output can be asserted low by setting MCRO, modem control
register bit 0 of its associated ACE. DTRx is asserted high by clearing the DTR bit (MCRO) or
whenever a reset occurs. When active (low), DTRx indicates that its ACE is ready to receive data.

ENIRQ

43

Parallel port interrupt source mode selection. When ENIRQ is low, the AT mode of interrupts is
enabled. In AT mode, the INT2 output is internally connected to the ACK input. When the ENIRQ
output is tied high, the PS-2 mode of interrupt is enabled and the INT2 output is internally tied to
the inverse of the PRINT bit in the printer status register. INT2 is latched high on the rising edge of
ACK. INT2is held until the status register is read, which then resets the PRINT status bit and INT2.

63

Line printer error. ERR is an input line from the printer. The printer reports an error by holding ERR
low during the error condition.

7,27,54

Ground (0 V). All terminals must be tied to GND for proper operation.

57

l[e}

Line printer initialize. INIT is an open-drain line that provides the printer with an active-low signal
that allows the printer initialization routine to be started. INIT has an internal pullup resistor to Vpp
of approximately 10 kQ.

INTO, INT1

45, 60

External serial channel interrupt. Each serial channel interrupt 3-state output (enabled by bit 3 of
the MCR) goes active (high) when one of the following interrupts has an active (high) condition and
is enabled by the interrupt enable register of its associated channel: receiver error flag, received
data available, transmitter holding register empty, and modem status. The interrupt is cleared on
appropriate service. Upon reset, the interrupt output is in the high-impedance state.
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Terminal Functions (Continued)

TERMINAL
NAME NO.

Vo

DESCRIPTION

INT2 59

Printer port interrupt. INT2 is an active-high, 3-state output generated by the positive transition of
ACK. INT2 is enabled by bit 4 of the write control register. Upon reset, INT2 is in the high-impedance
state. Its mode is also controlied by ENIRQ.

|

37

Input/output read strobe. IOR is an active-low input that enables the selected channel to output data
to the data bus (DBO—-DB7). The data output depends on the register selected by the address inputs
A0, A1, A2, and chip select. Chip select 0 (CS0) selects ACE #1, chip select 1 (CST) selects ACE #2,
and chip select 2 (CS2) selects the printer port.

Input/output write strobe. IOW is an active-low input causing data from the data bus to be input to either
ACE or to the parallel port. The destination depends on the register selected by the address inputs A0,
A1, A2, and chip selects CS0, CS1, and CS2.

PDO-PD7 53-46

/0

Parallel data bits (0—7). PDO—-PD?7 provide a byte wide input or output port to the system.

PE 67

Line printer paper empty. PE is an input line from the printer that goes high when the printer runs out
of paper.

PEMD 1

Printer enhancement mode. When low, PEMD enables the write data register to the PDO—PD?7 lines.
A high on this signal allows direction control of the PDO—PD?7 port by the DIR bit in the control register.
PEMD is usually tied low for the printer operation.

RESET 39

Reset. When low, RESET forces the TL16C552A into an idle mode in which all serial data activities
are suspended. The modem control register along with its associated outputs are cleared. The line
status register is cleared except for the THRE and TEMT bits, which are set. All functions of the device
remain in an idle state until programmed to resume serial data activities. RESET has a hysteresis level
of typically 400 mV.

RTS0, RTS1 24,12

Request to send. The RTS outputs are set low by setting the MCR1 of its UARTs modem control
register. Both RTS terminals are asserted high by RESET. A low on RTS indicates thatits ACE has data
ready to transmit. In half duplex operations, RTS controls the direction of the line.

RXRDYO, 9, 61
RXRDY1

Receiver ready. Receiver direct memory access (DMA) signaling is also available through this output.
One of two types of DMA signaling can be selected using FCR3 when operating in the FIFO mode. Only
DMA mode 0 is allowed when operating in the TL16C450 mode. For signal transfer DMA (a transfer
is made between CPU bus cycles), mode 0 is used. Multiple transfers that are made continuously until
the receiver FIFO has been emptied are supported by mode 1.

Mode 0. RXRDY is active (low) when in the FIFO mode (FCRO = 1, FCR3 =0) or whenin the TL16C450
mode (FCRO = 0) and the receiver FIFO or receiver holding register contain at least one character.
When there are no more characters in the FIFO or holding register, RXRDY goes inactive (high).
Mode 1. RXRDY goes active (low) in the FIFO mode (FCRO = 1) when FCR3 = 1 and the time-out or
trigger levels have been reached. RXRDY goes inactive (high) when the FIFO or holding register is
empty.

|

10, RIT 30,6

Ring indicator. The R signal is a modem control input. Its condition is tested by reading MSR6 (RI) of
each ACE. The modem status register output TERI (MSR2) indicates whether RI has changed from
high to low since the previous reading of the modem status register.

SINO, SIN1 41,62

Serial data. SINO and SIN1 move information from the communication line or modem to the
TL16C552A receiver circuits. A mark (set) is high and a space (cleared) is low. Data on serial data
inputs is disabled when operating in the loop mode.

SLCT 65

Line printer select. SLCT is an input line from the line printer that goes high when the line printer is
selected.

LIN 58

/0

Line printer select. SLIN is an open-drain I/O that selects the printer when active (low). SLIN has an
internal pullup resistor to Vpp of approximately 10 kQ.

SOUTO, SOUT1 26,10

Serial data outputs. These lines are the serial data outputs from the ACE transmitter circuitry. A mark
is a set bit (high) and a space is a cleared bit O (low). Each SOUT is held in the mark condition when
the transmitter is disabled (RESET is asserted low) the transmitter register is empty, or when in the loop
mode.

STB 55

/0

Line printer strobe. STB is an open-drain line that provides communication between the TL16C552A
and the printer. Whe