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PART NUMBER INDEX

PART NUMBER PAGE PART NUMBER PAGE

CCC 3500 399 - COM 9026 191

CG 4103 417 CRT 5027 239

COM 1553A 27 CRT 5037 239

COM 1553B 43 CRT 5047 247

COM 1671 59 CRT 5057 239

COM 1863 75 CRT 7004 301

COM 2017 83 CRT 7220 249

COM2017H 83 CRT8002 279

COM 2449 91 CRT 8002H 293

COM 2502 83 CRT 8021 319

COM 2502H 83 CRT 9006 307

COM 2601 107 CRT 9007 251

COM 2651 115 CRT 9021 327

COM 2661 127 CRT 9212 313

COM 5016 209 CRT 96364 27

COM5016T 209 FDC 765A 341 |
COM 5025 139 FDC 1761 343 |
COM 5026 211 FDC 1763 343 1
COM5026T 211 FDC 1765 343 ‘
COM 5036 - 213 FDC 1767 343 |
COM 5036T 213 FDC 1791 359

COM 5046 215 FDC 1792 359

COM5046T 215 FDC 1793 359

COM7210 151 FDC 1794 359

COM 8004 153 FDC 1795 359

COM 8017 159 FDC 1797 359

COM 8018 75 FDC 3400 389

COM 8046 221 FDC 9216/B 375

COM 8116 223 FDC 9229/B - 379

COM8116T 223 HDC 7261D 387

COM8126 225 KR 2376 429

COM8126T 225 KR 3600 433

COM 8136 227 MPU 3870 a1

COM8136T 227 ROM 4732 405

COM 8146 229 ROM 36000 409

COM 8146T 229 SR 5015 419

COM8251A 167 SR5017 423

COM 8502 159 SR 5018 423

COM 9004 183



FUNCTIONAL INDEX
M Data Communication Products

Part Max l Power T
Number Name Description Band Rate Supplies | Package | Page
COM 1553A | MIL-STD- MIL-STD-1553 (Manchester) Interface !
1553A UART | Controller 1 MB +5 40DIP | 27-4R
COM 1553B MIL-STD- MIL-STD-1853B (Manchester) Interface ) 5
15538 UART | Gontroller 1 MB +8 40DIP | 43-58
COM 1671 ASTRO ‘Asynchronous/Synchronous
Transmitter/Receiver, Full Duplex, 5-8 1 MB +5, -5, +12 | 40 DIP 59-74
data bit, 1X or 32X clock
COM 1863 UART Universal Asynchronous Receiver/
. Transmitter, Full Duplex, 5-8 data bit,
1, 1%, 8 stop bit, enhanced distortion 6.5 KB +6 40 DIP 75-82
margin
COM 2017 TART TUniversal Asynchronous Receiver
Transmitter, Full Duplex, 5-8 data bit, R[5 KB +5, —12 40 DIP 83-90
1, 1%, 2 stop bit
COM 2017H | UART Universal Asynchronous Receiver/
Transmitter, Full Duplex, 5-8 data bit, 40 KB +5, —12 40 DIP 83-90
1, 1%, 2 stop bit
COM 2449 RS449-USART | RS 449 Compatible Universal '
Synchronous/Asynchronous 1MB +5 40 DIP 91-106
Receiver/Transmitter
COM 2502 TART Universal Asynchronous Receiver/
Transmitter, Full Duplex, 5-8 data bit, 25 KB +5, —13 40 DIP 83-90
1,  stop bit
COM 2502H | UART Universal Asynchronous Receiver/
Transmitter, Full Duplex, 5-8 data bit, 40 KB +5, —12 40 DIP 83-90
1, 2 stop bit
COM 2601 USRT Universal Synchronous Receiver/
Transmitter, STR, BSC, Bi-sync 260 KB +5, —12 40 DIP 107-114
| _compatible
COM 2651 USART/PCL Universa}ITr Synchronous/Asynchronous
Receiver/Transmitter, Full Duplex, 5-8
| data bits; 1, 134, 2 stop bit, 1X, 16X, 1 MB +5 28DIF | 115-136
| 64X clock
COM 2661 USART/EPCI | Umversa/'lrr Synchronous/Asynchronous
! Receiver/Transmitter, Full Duplex, 5-8 g
| data bits; 1, 1%, 2 stop bit, 1X, 16X, 1 MB +5 R8DIP | 1R7-138
| 84X clock
COM B0R5 Multi-Protocol | SDLC, HDLC, ADCCP, Bi-sync, DDCMP )
USYNRT compatible, automatic bit stuffing/ _
stripping, frame detection/generation, 1.5 MB +5, +12 40 DIP 139-150
CRC generation/checking, sync detection
COM 7210 GPIB Intelligent Interface Controller 8 MHz +5 40 DIP
Interface for GPIB (IEEE-488-1978) 151-158
Controller
COM 8004 32 Bit CRC Companion device to COM 5025
Generator/ for 32 bit CRC R0MB +5 R0 DIP 153-158
Checker .
COM 8017 UART Universal Asynchronous Receiver/
Transmitter, Full Duplex, 5-8 data bit, 40 KB +5 40 DIP 159-166
1, 1%, 2 stop bit
coM 2018 TART Tniversal Asynchronous Receivar/
Transmitter, Full Duplex, 5-8 data bit, ~
1, 1%, 2 stop bit, enhanced distortion 625 KB +5 40DIP 75-82
margin
COM 8351A | USART Universal Synchronous/Asynchronous
Receiver/Transmitter, Full Duplex, 5-8 64 KB (sync) 167-182
databit 1 114, 2 stop bit 96 KB (asyne) +5 28 DTP
COM 8502 TART Universal Asynchronous Receiver/
Transmitter, Full Duplex, 5-8 data bit, 40KB +5 40 DIP 159-166
1, R stop bit
COM 9004 IBM 3274 IBM 3274 Compatible receiver/ 2.36 MB +5, £13 40 DIP
Receiver/ transmitter 183-190
Transmitter
COM 9026 LANC Local Area Network Controller for token 2.3 MB +5 40 DIP 191-206

pass systems
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All Baud Rate Generators are programmable
dividers capable of providing 16 output frequen-
cies* for UARTs or USARTS from either an on-chip
crystal oscillator or an external frequency input.
“T" yersions utilize an external frequency input
only. Dual Baud Rate Generators provide two out-

*except as noted

Baud Rate Generator

put frequencies simultaneously for full duplex

communications.

Baud Rate Generators providing all standard baud
rates from various popular crystal frequencies are
available. In addition the baud rate generator may
be custom mask programmed for other divisors.
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Power
Part Number Description Features Supplies Package Page
COM 5016 Dual Baud Rate Generator On-chip oscillator or external +5, +12 18 DIP 209-210
frequency input
COM 5016T (1) | Dual Baud Rate Generator External frequency input +5, +18 18 DIP 209-210
COM 5026 Single Baud Rate Generator On-chip oscillator or external +5, +18 14 DIP 211-212
frequency input
COM 5026T (1) | Single Baud Rate Generator External frequency input +8, +12 14 DIP 211-2123
COM 5036 Dual Baud Rate Generator COM 5016 with additional +5, +12 18 DIP R13-214
output of input frequency + 4
COM 5036T (1) | Dual Baud Rate Generator COM 5016T with additional +5, +12 18 DIP 213-214
output of input frequency + 4
COM 5046 Single Baud Rate Generator COM 5026 with additional +5, +12 14 DIP R15-220
: output of input frequency ~+ 4
COM 5046T (V) | Single Baud Rate Generator COM 5026T with additional +5, +12 14 DIP 215-220
output of input frequency + 4 .
COM 8046 Single Baud Rate Generator 32 baud rates; 1X, 16X, 32X
clock outputs; single +5 volt +8 16 DIP- 221-223
supply -
COM 8046T<1) | Single Baud Rate Generator COM 8046 with external +5 16 DIP 221-232
frequency input only
COM 8116 Dual Baud Rate Generator Single +5 volt version of +5 18 DIP R133-3R4
COM 5016
COM 8116T() | Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 223-224
COM 5018T
COM 8126 Single Baud Rate Generator Single +5 volt version of +5 14 DIP [R5-226
COM 5026
COM 8126T(1 | Single Baud Rate Generator Single +5 volt version of +5 14 DIP 235-226
COM 5026T .
COM 8138 Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 2_7-228
COM 5036
COM 8136T (L Dual Baud Rate Generator Single +5 volt version of +5 18 DIP R27-328
COM 5036T
COM 8146 Single Baud Rate Generator Single +5 volt version of +5 14 DIP 229-332
COM 5046
COM 8146T(}) | Single Baud Rate Generator Single +5 volt version of +5 14 DIP 229-232
COM 5046T
Standard Fonts Power
Part Number | No. of Keys Modes Features Suffix Description Supplies | Package Page
KR-2376 XX (1) 88 3 2 Key Rollover | -ST ASCII +5, —12 40 DIP 429-432
KR-3600 XX () 80 4 2 Key or ST ASCIT +5,—12 | 40 DIP 433-440
N Key Rollover | -STD ASCII
-PRO Binary Sequential

(1)May be custom mask programmed



o™ Printer

CHARACTER GENERATOR
Part Number Description Scan Max Access Time Power Supplies Package Page
CG 41031 5x7x64 Column 1.2 usec +5, —12 or 12 28 DIP 415-418
SHIFT REGISTER
Max Power
Part Numbexr D iption Feature Clock Freq. | Supply Package Page
SR 50158-XX (1) Quad Static Shifv Register Load, Recirculate,
Mask Programmable Length Shift Controls, :
SR 5015-80 Quad 80 Bit Static ;
SR 5015-61 Quad 81 Bt Static [ 1MEe +6 18 DIP 419;422
8R 5015-133 Quad 133 Bit Static
Shift Left/Shift
SR 8017 Quad 81 Bit Right, Recirculate 1 MHz +5 16 DIP 423-426
SR 5018 Quad 133 Bit Controls, Asynch-
ronous clear
) ROM
Part Numbex Description Access Time Power Supply Package Page
ROM 4732 32K ROM; 32,768 bits
organized 40068 450 nsec +85 24 DIP 405-408
ROM 36000 (1)) 64K ROM; 65,536 bits
organized 8192x8 250 nsec +8 24 DIP 409-412
FLOPPY DISK/HARD DISK -
Part Sector/ Data | Side Select| Power
Number Description Format | Density Bus Output Supplies | Package Page
FDC765 Floppy Disk Controller/ Soft Double True Yes +5 40 DIP 341-342
Formatter
FDC1761 Floppy Disk Controller/ Soft Double | Inverted No +5, +12 40 DIP 343-358
Formatter (mini-floppy only)
FDC1763 Floppy Disk Controller/ Soft. Double True No +5,+12 | 40DIP 343-358
Formatter (mini-floppy only)
FDC1765 Floppy Disk Controlier/ Soft Double | Inverted Yes +5,+12 | 40DIP 343-358
Formatter (mini-floppy only)
FDC1767 Floppy Disk Controller/ Soft Double True Yes +5,+18 ;| 40DIP 343-358
Formatter (mini-floppy only)
FDC1791 Floppy Disk Controller/ Sofy Double | Inverted No +5,+12 | 40DIP 359-374
Formatter |
FDC1792 Floppy Disk Controller/ . Soft Single | Inverted No +5,+12 | 40DIP 359-374
Formatter
FDC1793 Floppy Disk Controller/ Soft Double True No +5,+12 | 40DIP 359-374
Formatter
FDC1794 Floppy Disk Controller/ Soft Single True No +5, +12 40 DIP 369-374
Formatter
FDC1795 Floppy Disk Controller/ Soft Double | Inverted Yes +5,+12 | 40DIP 359-374
Formatter
FDC179? Floppy Disk Contreller/ Soft Double True Yes +5, +12 40 DIP 359-374
Formatter
FDC3400 Floppy Disk Data Handler Hard NA True NA +5,-12 | 40DIP 389-396
FDCO216/R | Floppy Disk Data Separator ISoft/Hard| Double NA NA +5 8 DIP 376-378
FDCO2R9/B | Floppy Disk Data Separator, [Soft/Hard| Double NA NA +5 20 DIP 379-386
Head Load Timer, write
Precompensation generawor
HDC7261 Hard Disk Controller Soft/Hard | Double True Yes +5 40 DIP 387-388
CASSETTE/CARTRIDGE
Max Power
Part Number Data Rate Yeoatures Supply Package Page
CCC 3500 Cassette/Cartridge Data Handler | 250K bps Sync byte detection, +8B, —12 40 DIP 397-404
Read Whils Write

(1)May be custom mask programmed

(2) For future release
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CRT Display
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TIMING CONTROLLERS »
Display Max Power
Part Number Description Features FPormat Clock | Supplies | Package Page
CRT 5027 provides all of the programmable 4MHz | +5,+12 40 DIP 239-246
CRT 5037 timing and control balanced beam interlace | programmable 4MHz | +5,+12 40DIP | 239-246
for interlaced and "
@ R
CRT 5047 non-interlaced CRT fixed format 822 column 4MHz | +5,+12 40 DIP 247-248
displ:
CRT 5057 ad line-lock programmable 4MHz | +5,+12 40 DIP R39-246
CRT 7220, Graphies Display Intelligent graphics 1024 x 1024 Pixel| 4/5/8.5 +5 40 DIP 249-351
-1,-2 Controller display controller MHz
CRT 9007 CRT video processor | sequential or row- programmable 4 MHz +5 40 DIP 2b1-270
and controller table driven memory
CRT 96364A/B | complete CRT oh-chip cursor and 64 column 1.6 MHz +5 28 DIP 271-378
proceessor ‘write control 18 row
VDAC™ DISPLAY CONTROLLERS
Max Power
Part Number Description Display Afttributes Clock Supply Package Page
| CRT 8002H Provides complete ? x 11 dot matrix, reverse video 25 MHz 293-300
display and attri- wide graphics, blank
butes control for thin graphics, blink
CRT 800RA (1) alphanumeric and on-chip cursor underline R0 MHz R79-288
graphics display. strike-thru
Consists of 7 x 11 x 128 +5 28 DIP
character generator,
CRT 8003B (15) | yigeo shift register, 15 MHz 279-288
latches, graphics and
attributes circuits.
CRT 8002C 3 10 MHz 279-288
CHARACTER GENERATORS
Max
Part Number Description Frequency Power Supply Package Page
CRT 7 il 7 x 11 x 128 character generater, 20 MHz
CRT 7004B (1.4 latches, video shift regigster ! 15 MHz +5 24 DIP 301-306
CRT 7004C (09 ) 10 MHz
ROW BUFFER
Max
Part Number Description Row Length Power Supply | Package Page
CRT 9006-83 8 bit wide serial cascadable single row buffer 83 characters +5 24 DIP 307-312
CRT 9006-135 memory for CRT or printer 135 characters
CRT 9R12 8 bit wide serial cascadable double row buffer 135 characters +5 28 DIP 313-318
memory for CRT or printer
VIDEO ATTRIBUTES CONTROLLERS
Max Power
Part Number Description Display Attributes Clock Supply Package Page
CRT 8021 Provides attributes Alphanumeric, wide |Reversevideo, | 20 MHz +5 28 DIP 319-3R6
and graphics control graphics, thin graphics,| blank, blink,
for CRT video on-chip cursor underline,
displays strike-thru .
CRT 9021B Provides attributes Alphanumeric, wide |Reversevideo, | 28.5 MHz +5 28 DIP 327-338
and graphics control graphics, thin graphics,| blank, blink,
for CRT video on-chip cursor, double | underline,
displays height, double width |intensity
(1) May be custom mask programmed (3) Also available ag CRT 8002A,B,C — 001 Katakana
(2) For future release CRT 8002A,B,C — 003 5X7 dot matrix
(4) Alsoavailable as CRT 7004A,B,C — 003 5X7
dot matrix
STANDARD MICROSYSTEMS
B PRINTED IN US.A



Description

UART (172 SB)**

UART (1,2SB)™*

UART (n-Channel)**

UART (n-Channel)*”

UART (n-Channel)*

USRT

ASTRO

PCi

EPCI

USART

Multi-Protocc
USYNRT

USYRT

Dual Baud Rate Gen.

Single Baud Rate Gen.

88 Key KB Encoder

90 Key KB Encoder

CRT Controller

Character Generator

Character Generator

Graphics Controller

Character Generator

Hard Disk Controlier

Shift Register

Microcomputer

*Functional Equivalent

. General . .
AMI Fairchild Instrument Harris Intel Intersil
S$1883 — AY 5-1013A — — —
— — AY 5-1013 — — —
S6850" — AY 3-1015 HM6402 — IM6402
— — AY 3-1015 HM6403" | 8251* | IM6403*
$1602 — — — — —
$2350* — — — — —
— — — — 8251A —
_ F3846" . . . _
F6856*
20" HD4702"
— | Fa702 - HD6405* | — -
— —_ AY 5-2376 — — —
—_ — AY 5-3600 — — —
— — — — 8275* —
S58564* — — — _ _
S8499 — RO 5-2240S* — - —
S$2182/3/5 — — — — —
— F3870-2 — — — —

**Most UART's are interchangeable; consult the factory
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{EFERENCE GUIDE

::xllﬂ:é:% ::: Mostek Motorola National NEC | Signetics chiE;t:i:ﬁc Synertec lns;l;z):::n is “ll)?;:tee:ln
— — —_ MM5303* uPD369* — - - TMS6011 | TR1602
- | = — — — | o253 — — — TR1402
— — MC6850* — — — SCR1854 - — —
_ _ _ — — — - — — TR1983*
— _ _ _ _ _ _ — — | TRises
— — — INS1671 — — — — —_— uc1e71
— — — INS2651 — 2651 — — — -
— — — — — 2661 — SY2661 — —

- - — INS8251 | uPD8251A — — _ - —

— — — — wPD379* 2652 SND5025 — — SD1933*
— — — — wPD7210 — — — — —
— — — — — — — — — BR1941L
— — MC14411* MM5307* — — — — — —
MCS1009* — — MM5740* | nPD364" — — — TMS5001 -
x « SND5027 . -
—_ MK3807 MC6845 DP8350 —_ — SND5037 6545 TMS992° —
MCM66700* , "
— — MGE570" DM8678 — 2609 — — — —_
- — — — — — SND8002 — — —
— — — — wPD7220 — — — — —
MCS1004* . " :
MCS2027+ | MK2002 | MC1132 M5240 — — — — TMS4103 —
|
— —_ — — uPD 7261 — — — — —
— . _ « _ - . -~ | TMS3113*
MK1007 5054 2532 — TMS3114* -
i —  IMK3870/20 — - — — _ _ _ .
for detailed information on interchangeability. For Floppy Disk Controllers—See Next Page



FLOPPY DISK CONTROLLERS

Description Piﬂ(; Fujitsu NEC Synertec vgg}g{' Intel
Floppy Disk Controlier FDC 1791-02 | MB8876 — SY1791-02 | FD 1791-02 —
Floppy Disk Controlier FDC 1792-02 — — — FD 1792-02 —
Floppy Disk Controller FDC 1793-02 | M8877 — SY1793-02 | FD 1793-02 —
Floppy Disk Controller FDC 1794-02 — — —_ FD 1794-02 —
Floppy Disk Controller FDC 1795-02 — — — FD 1795-02 —
Floppy Disk Controiler FDC 1797-02 — — — FD 1797-02 —_
Floppy Disk Controlier FDC 1761-02 — — — FD 1761-02 —
Floppy Disk Controller FDC 1763-02 — — — FD 1763-02 —
Floppy Disk Controlier FDC 1765-02 — — — FD 1765-02 —_
Floppy Disk Controller FDC 1767-02 - — — FD 1767-02 —
Floppy Disk Data Separator FDC 9216 — — — FD 1691* —
Floppy Disk Controller FDC765 —_ HPD765 — — 8272

*Functional Equivalent

STANDARD MICROSYSTEMS

CORPORATION

35 Marcus Bivd., Hauppauge, N.Y. 11788
(516) 273-3100 - TWX-510-227-8898
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Innovation in microelectronic technology is the key to
growth at Standard Microsystems.

Since its inception, Standard Microsystems has been a leader in creating new tech-
nology for metal oxide semiconductor large scale integrated (MOS/LSI) circuits.

For example, while the first MOS/LSI processes were p-channel, it was recognized -
very early that an n-channel process would greatly improve switching speeds and
circuit density. However, the fundamental problem of parasitic currents needed to
be solved. The research and development staff at Standard Microsystems recognized
this problem and directed its energy toward the development of its now-famous
COPLAMOS® technology. COPLAMOS® defines a self-aligned, field-doped, locally
oxidized structure which produces high-speed, high-density n-channel IC’s.

In addition, on-chip generation of substrate bias, also pioneered by Standard
Microsystems, when added to the COPLAMOS® technology, results in the ability to
design dense, high-speed, low-power n-channel MOS integrated circuits through the
use of one external power supply voltage.

Again recognizing a need and utilizing its staff of qualified process experts, Stan-
dard Microsystems developed the CLASP® process. The need was for fast turna-
round, easily programmable semi-custom LSI technology. The development was
CLASP®, a process that utilizes ion implantation to define either an active or passive

device which allows for the presence of a logical 1 or 0 in the matrix of a memory or

logic array. This step is accomplished after all wafer manufacturing steps are
performed including metalization and final passiviation layer formation. Thus, the
wafer can be tested and stored until customer needs dictate the application, a huge
saving in turnaround time and inventory costs.

These innovations in both process and circuit technology have received wide-
spread industry recognition. In fact, many of the world’s most prominent semicon-
ductor companies have been granted patent and patent/technology licenses covering
various aspects of these technologies. The companies include Texas Instruments,
IBM, General Motors, ITT, Western Electric, Mostek, Hitachi and Fujitsu.

Over the past few years, scientists and engineers at Standard Microsystemns have
been developing a technology to significantly reduce the sheet resistivity of
polycrystalline silicon and thereby dramatically decrease internal time constants in
MOS devices. Their work has culminated in the successful completion of a program
to replace polycrystalline silicon in n-channel MOS devices with an alternate mate-
rial, titanium disilicide. This has enabled Standard Microsystems to become the first

semiconductor manufacturer to market and sell MOS/VLSI circuits which employa

metal silicide to replace the conventional doped polycrystalline silicon layer.
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Our engineering staff follows the principle that “necessity
is the mother of invention.”

This philosophy led Standard Microsystems Corporation to COPLAMOS®, CLASP®,
and Titanium Disilicide gate technology, as well as other innovative developments. It
also brings companies to us to solve tough problems that other suppliers can't.

But it’s a philosophy that involves more than just developing the next generation of
MOS/LSI devices.

Such exploration, for example, helped Standard Microsystems recognize the need
for communication controllers to handle the latest data communication protocols.
As a result, Standard Microsystems was the first to introduce a one-chip LSI controller
for HDLC protocols—the COM 5025.

The COM 5025 is so versatile it can actually provide the receiver/transmitter func-
tions for all the standard bit and byte oriented synchronous protocols, including
SDLC, HDLC, ADCCP, bi-sync and DDCMP.

In another area, CRT display systems have traditionally required a great deal of
support circuitry for the complex timing, refresh and control functions.

This need led the engineers at Standard Microsystems to develop the CRT 5027
Video Timer and Controller (VTAC®) that provides all these functions on a single
chip. This left the display, graphics and attributes control spread over another 20 or
30 SSI, MSI and LSI devices. Standard Microsystems combined all these functions in
the CRT 8002 Video Display Attributes Controller (VDAC™). The COPLAMOS® pro
ccess was used to achieve a 20 MHz video shift register, and CLASP® was used for
fast turnaround of character font changes through its last stage programmability.

So from 60 to 80 integrated circuits, Standard Microsystems reduced display and
timing to 2 devices, drastically reducing the cost and size of today’s CRT terminals.

Another major achievement was the development of the “next generation” Video
Processor And Controller (VPAC™), the CRT 9007. This chip replaces up to 80 SSI
and MSI TTL devices as well as providing a hardware solution to many of the
software problems of CRT Video Controller design.

Achievements like these help keep Standard Microsystems custom and standard
products in the forefront of technology with increased speeds and densities, and a
lower cost per function.
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Improvements in processing and manufacturing keep
pace with advances in semiconductors.

With the phenomenal growth of the electronics industry, innovation is, of course,
highly desirable. But if the products are to perform as designed, they also have
to be reliable.. ;

That'’s why at Standard Microsystems we take every means to insure the utmost
quality and dependability. Consequently, “state-of-the-art” applies not only to our
products, but to the way we manufacture them.

In wafer fabrication, the latest equipment and techniques areemployed. In addi-
tion to conventional processing equipment, we use ion implantation technology
extensively. We also use plasma reactors for much of our etching and stripping .oper—
ations to maintain tight tolerances on process parameters.

To make plastic packaging immune to moisture, we use a process that deposits a
protective (passivating) layer of silicon nitride on the device surface.

Standard Microsystems processes-include high and low voltage p-channe] metal
gate, n-channel silicon gate (COPLAMOS®), high-speed n-channel silicon gate with
depletion mode devices, CLASP® and titanium disilicide gate. In general, these
processes have been engineered so that they are also compatible with most
industry standard processes.

One obvious advantage our total capability gives customers, is that they can brmg
us their project at any stage in the development process. For instance, they may
already have gone through system definition. Or they may have gone all the way to
prototype masks, and only want production runs.

It makes no difference to Standard Microsystems. We can enter the process at -
any level.

Our full service capability lets us make full use of the technologies we develop. We
can produce any quantity of semiconductors customers may require. And we can
offer them one of the fastest turnaround times in the industry.
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Standard Microsystems’ Custom Capability.

Custom MOS. A Small
Revolution with a Large Impact.

Remarkable advances in semiconductor tech-
nology, combined with the availability of
quality, low-cost electronics, continue to open
new markets for products incorporating micro-
electronic components.

Today, metal-oxide semiconductor/large
scale integrated (MOS/LSI) circuits are integral
components in computers and computer
peripherals, automobiles, televisions, electrical
appliances, electronic toys and games, bank
terminals, telephones and a host of other signif-
icant applications.

With further applications for large scale inte-
grated and very large scale integrated (VLSI)
circuits being discovered every day, one thing is
certain. They will have a profound effect on
our lifestyle.

Custom Commitment

Standard Microsystems is organized into two
separate Product Lines; Custom Products and
Standard Products. Custom Products has its
own management, marketing, and engineering
team that is fully dedicated to developing and
producing custom products.

Custom MOS/LSI is a major portion of our
business. Fully one-third of all our revenue is a
direct result of our custom MOS/LSI projects.

Over the years, Standard Microsystems has
developed custom circuits for a wide variety
of applications: Computers and computer

System Design—The Alternatives

The electronic system designer can select from
several alternatives in the implementation of the
system. The optimum selection for any systemn
will depend upon the relative significance of the
following factors—

* Costs—developmental, production and

maintenance;

* Performance—speed, power dissipation;

* Form factor—system size and weight;

* Uniqueness—oproprietary features;

* Development time—product introduction;

« Reliability—mean time between failures

(MTBF).

No single alternative is best for all cases—
each represents a combination of advantages
and disadvantages to be evaluated for the sys-
tem under consideration. The major alternatives
available are listed below.

Standard Circuits

_The use of “off the shelf” small scale (SSI),

medium scale (MSI), or large scale (LSI) inte-
grated circuits is appropriate whenever develop-
ment costs and time must be kept to a
minimum, and system performance require-
ments can be met by interconnecting numbers
of such standard components. Standard Micro-
systems is a recognized industry leader in
standard LSI components for the data communi-
cations and computer peripheral markets.

Microprocessors

". These programmable LSI standard circuits can

peripherals, telecommunications and data com-

munications, garage door openers and burglar
alarms, electronic toys and games, musical
instruments and more. Both over-the-air and
cable T.V. systems have made use of our cus-
tom circuits. One company’s line of word
processing equipment makes almost exclusive
use of our custom LSI.

As a company comimitied to serve the custom
marketplace, Standard Microsystems has
developed the resources and established proce-
dures for MOS/LSI circuit development that
enables the company to respond rapidly to
growing customer needs. o
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be the elements of choice for certain classes of
systemns where there is a good fit between the
microprocessor capability and the system
performance requirements. The system parts
count is reduced at the expense of a longer
(software) development time.

Gaie Arrays

A gate array is a semi-custom circuit containing
a pattern of elements which can be selectively
interconnected to form the desired logic. The
interconneciions are iypicaily accompiished by
a customized metal pattern.

For low to medium volume production, these
“hardware programmable” circuits can reduce
parts count and offer some degree of unique-
ness, at modest development cost and time.



The Custom Option

FOR HIGH VOLUME PRODUCTION, WHERE
THE DEVELOPMENT INVESTMENT CAN BE
MADE, THE CLEAR CHOICE IS THE FULLY-
CRAFTED CUSTOM CIRCUIT. A custom circuit
implementation will provide—

Lowest Overall Cost

The overall cost savings realized with custom
LSI can be substantial, especially when high-
volume production is encountered.

Savings are effected in several ways. Because
custom designed circuits contain only neces-
sary components, the cost of unused circuitry
on standard microprocessors or integrated cir-
cuits is eliminated. Costs for troubleshooting,
repair and warranty claims are reduced. In addi-
tion, custom MOS can be more economical over
SSI and MSI when purchase, inventory and
assembly costs are considered. Also, when a
system contains a large amount of SSI and MSI,
its custom counterpart can significantly reduce
power consumption.

Lowest Parts Count

There are many applications where a single-
package custom LSI circuit can out-perform a
microprocessor and its ROM and RAM circuits
while reducing costs. A custom LSI unit can rap-
idly execute repetitive functions using high
speed logic. A microprocessor needs time-con-
suming algorithms to do the same thing.

Highest Reliability

Higher reliability is achieved, especially when
replacing circuits that contain significant
amounts of SSI and MSI. Fewer parts and solder
points reduce the failure rate and raise the relia-
bility. This means low MTTR (mean time to
repair), which translates into lower mainte-
nance costs and higher customer satisfaction.

Minimum Size, Weight, Power Dissipation

The size and complexity of printed circuit
boardsare greatly reduced when using a cus-
tom circuit. The custom circuit results in a most
compact package, specifically designed to
perform only the necessary tasks utilizing mini-
mum power and space.

Unique Proprietary Features

Proprietary design is another major benefit. It
protects your design from would-be copiers
because it makes testing and support difficuit.
This, coupled with the complexity of custom
semiconductor fabrication, makes duplicating
your custom circuit far less probable.
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The Full Design Custom
Program

Typically in a custom program where Standard
Microsystems performs all of the operations—
from design through to finished product—the

following sequence applies:

Evaluation

The customer’s system characteristics are care-
fully evaluated from the information provided
to determine the feasibility of the custom
approach, considering such factors as system
partitioning, functional performance, opera-
tional environment, operating speed, power
requirements, process selection, packag-

ing and testing.

If the conclusion is positive, Standard Micro-
systems will quickly provide a Quotation to the
potential customer, which will include—

+ a firm development schedule

» the non-recurring engineering charge (NRE)

* a production price schedule

System Definition

Once the design is authorized, a thorough spec-
ification review takes place between Standard
Microsystems’ engineers and the customer’s
engineers. In this critical phase, Standard
Microsystems’ years of successful design expe-
rience are applied as an extension of the
customer’s design resource in a close working
relationship.

Circuit Design

Required functions are converted to detailed
MOS logic. The logic is verified via advanced
logic simulation routines, utilizing our in-house
computers (VAX, Eclipse, PDP-11), and/or
breadboard emulators. Circuit simulation is
done using SPICE, MOSAID, and Standard
Microsystems written software.

Artwork Generation

At Standard Microsystems, device layout is a
blend of custom “hand-crafting” and sophisti-
cated CAD, using our Calma GDS I and GDS [t
color graphics systems, to achieve the optimum
composite drawing in terms of size and sched-
ule. Check plots are obtained on our Xynetics
and Versatec plotters, and advanced design rule
checks (DRC) and electrical rule checks (ERC)
provide comprehensive artwork verification.

Mask Fabrication

Production tooling is obtained from qualified
mask vendors to Standard Microsystems’ exact-




ing, above-industry standards. Colored overlays
of each mask layer are typically used as a final
check point.

Wafer Fabrication

Standard Microsystems offers a variety of pro-
cesses, including a mature p-channel metal
gate process, and a range of n-channel silicon
gate processes. We will determine the appropri-
ate process to satisfy each customer’s cost/
performance requirements.

All wafer processing is done in our facilities,
utilizing state-of-the-art equipment. Standard

Microsystems has made substantial investments
in direct-step-on-wafer equipment, and
advanced ion-implantation, sputtering, deposi-
tion and plasma etch equipment.

Assembly

Standard Microsystems can provide a wide vari-
ety of industry-standard packages, including
ceramic, plastic and CERDIP dual-in-line types,
flat-packs and chip carriers. The latest in
automated equipment, such as our automatic
wire bonders, insure high quality and high
volume throughput.

SMC PROCESS CHARACTERISTICS
TYPICAL MAX.
MASK SUPPLY FREQ.

PROCESS LEVELS VOLTAGES (MHz) FEATURES/COMMENTS

3000 15 +5, ~12 1to3 p-channel metal gate. Enhancement
mode, most mature process, low

‘ performance.
5000 S +5, +12 3to7 n-channel si-gate. Enhancement
— 3 (or pump) mode, most mature n-channel
process, moderate performance.
Substrate bias required.
6000 6 +5, +12, 3to7 Same as 5000 process with buried
' — 3 (or pump) contacts.

7000 7 +5 6to 15 n-channel si-gate. Enhancement/
depletion mode, buried contacts,
moderate to high performance. No
substrate bias required.

8000 6 +5 6to 15 Same as 7000 process without buried
contacts.

9000 7 +5 9to 25 Very high performance n-channel si-

+ 12 (optional) gate. Enhancement/depletion mode.
— 3 (or pump) Substrate bias required.

Customer Owned Tooling

An area of continuing interest to Standard
Microsystems is that of Customer Owned
Tooling (COT) or Customer Supplied Tooling
(CST). In contrast to a full custom design pro-
gram where Standard Microsystems is responsi-
ble for the MOS design, a COT/CST program

is one in which the design function will be
completed by the customer or an outside
design house.

Many customers find it desirable to develop
an in-house LSI design capability, for their inter-
nal circuit requirements. Standard Microsys-
tems can provide valuable assistance in
achieving this goal.
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The customer then provides Standard Micro-
systems with either a completed composite
drawing, a data base tape (in suitable format),
or an actual processing mask set. Whatever the
entry level, Standard Microsystems is prepared
to carry the program through to completion.

[f the design is in the formative stages, the
requirements will be studied and the most
suitable set of design rules will be provided.

If the design is already completed, Standard
Microsystems will examine the design rules
used and recommend which of our processes
is most compatible. If small variations to
our “standard” processing are required, they
can usually be accommodated at little or
no expense.



Standard Microsystems has developed com-
prehensive test sites that are incorporated into
our masks for the purpose of parametric and
quality assurance measurements. Automated
equipment collects and stores measurements
from these test sites. If a customer purchases
wafers from us, these measurements are pro-
vided with the wafers. If a customer chooses to

have masks fabricated himself, our test site can

be provided for incorporation into the masks.

Standard Microsystems is also prepared to
work with customers in establishing a suitable
test interface which will enable us to provide
the wafer probe and final test operations.

Of course, packaging and burn-in are
also available.

Whichever approach is taken, Standard
Microsystems wants to partcipate in a
partnership that makes best use of our respec-
tive areas of expertise. We'll work together to
bring the project to completion; on time and
on budget. S

Customer Interface

Standard Microsystems is a “full capability”
company. We have the resources—an experi-
enced staff and state-of-the-art equipment—to
design, process, package and test our Custom
MOS circuits.

Our customers are becoming increasingly
aware of the benefits of custom circuits in their
product lines. They know their products and
markets best. Some have developed the techni-
cal expertise to perform or participate in the
early design phases of a custom program. For
this reason, Standard Microsystems offers a var-
iety of customer interface possibilities to serve
the broadest possible market.

Communications: The Key to
Custom Development

On every Custom program, we establish com-
munications with our customers that last
throughout the development and production
phases.

Our engineers work in an environment that
stimulates creativity while encouraging adher-
ence to pragmatic objectives. The status of each
program is closely monitored. Strict scheduling,
thorough program management and frequent
customer contact have become the hallmark of
a Standard Microsystems Custom program.
Numerous testimonials from satisfied cus-
tomers give evidence of our ability to perform—
to specification and on time.
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STANDARD MICROSYSTEMS
_r

- Quality Assurance
and Quality Control

Volume manufacturing of quality products requires a rig-
orous commitment on behaif of STANDARD MICRO-
SYSTEMS and all of its employees. Each phase of the
operation from design to shipping must adhere strin-
gently to documented procedures which have produced
a product of proven reliability.

The design of areliable productis assured by adherence
to tested and proven design rules. Any change in design
rules must be evaluated using a design-rule test vehicle.
Each new product is evaluated first by prototype wafer
runs and thorough preliminary production and device
characterization.

Manufacturing flow is monitored by Quality Control to
insure that parameters meet specifications on incoming

material, within the line and at outgoing inspection. Ciean
room standards, calibration and work methods are also
monitored. Quality Circles operate within the manufac-
turing organization to reduce the cost of quality and
improve the product.

The Quality Assurance Department is the customer rep-
resentative with the primary responsibility of evaluating
product to current industry standards and related
responsibilities of evaluating developmental processes,
product and the standards themselves.

The following is a more detailed description of the types
of screening performed and how SMC is organized to
produce quality products.

1.0 Scope

The measures taken by SMC to produce reliable inte- .

grated circuits and the assembly/screening options
available to the customer are given in this section.

2.0 Approach

Factors relating to quality and reliability are discussed in
the following order: package options, screening, pro-
cess control, test and characterization, quality conform-
ance/reliability testing, and failure analysis.

3.0 Applicable Documentation

SMC internal specifications define every phase of pro-
duction and must be approved by the designated rep-
resentatives of Engineering, Manufacturing, Processing,
Quality Control and-Quality Assurance departments.

3.1 Design Rules (DR-XXXX)

3.1.1 . Geometric design rules define layout consider-
ations, alignment structures, critical-dimension targets,
and input-protection networks

3.1.2 Electrical desrgn rules defme performance cri-
teria, measurement methods, device parameters, and
process parameters.

3.2 Purchase Specifications (PS-XX)

All critical material is errhncnd to SMC ennmﬁr«n!!nne

from qualified vendors.

----- A4 ANV WY
3.3 Process Specifications (WX-XX, AX-XXj
3.3.1

The procedures used for wafer processing and
assembly of microcircuits are fully documented.

3.4 Quality Control Procedures (QC-XX)

QC procedures define the sampling techniques, accept/
reject criteria and test methods used in quality audits.
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3.5 Quality Assurance Procedures (QA-XX)

QA procedures define methods for product/process
qualification, reliability testing and failure analysis.

4.0 Military Standards and Specifications

MIL-C-45662 Calibration System
Requirements

MIL-M-38510 General Specification for Micro-
circuits

MIL-M-55565 Packaging of Microcircuits

MIL-Q-9858 . Quality System Requirement

MIL-STD-105 Sampling Procedures and Tables
for Inspection by Attributes

MIL-STD-883 Test Methods and Procedures for
Microelectronics

MIL-STD-976 Certification Requirements for
JAN Microcircuits

MIL-STD-1331 Microelectronics Terms and Defi-
nitions

5.0 Package Options, Features
5.1 Ceramic (no suffix)

50p. inches goid piating on external leads and die cavity,
goid eutectic die attach.

5.2 Tin-Plated Ceramic (Suffix “TC”)

Over 200y inches tin plating on external leads, gold on
die cavity, gold eutectic die attach.

5.3 Cerdip (Suffix “CD”")

Meets MIL-STD-883 internal moisture content require-
ments of Method 5005. Substrate connections are made
through jumper chips, gold eutectic die attach.

5.4 Plastic (Suffix “P”)

The piastic used is a B-type epoxy or an approved
advanced type having better resistance to a humid envi-
ronment. Gold eutectic die attach and gold bond wires



are used. Lead material is MIL-M-38510 para 3.5.6 type
B (42 Alloy) with a solder lead finish.

6.0 Screening Options

6.1 High-Reliability Screening

The routing is as defined in MIL-STD-883 Method 5004
for Class B product. Periodic Quality Conformance data
(para. 10.2) is taken on generically similar parts. A sam-
ple flow chart for ceramic product is given on page 6.
6.1.1 Internal Visual »

Both Die and Preseal Visual inspections are to the cri-
teria of Method 2010, Condition B of MIL-STD-883. An
AQL audit is performed on each lot by Quality Control.
6.1.2 Stabilization Bake

All parts are placed in 150°C storage for 24 hours per
Method 1008, Condition C of MIL-STD-883.

6.1.3 Temperature Cycling

All parts are subjected to 10 cycles of —~65°C to + 150°C
per Method 1010, Condition C of MIL-STD-883. -
6.1.4 Constant Acceleration

All parts are subjected to a 30,000 g force'in the Y1 ori-
entation per Method 2001, Condition E.

6.1.5 Seal

Hermeticity testing is performed to conditions A and C
of MIL-STD-883 Method 1014.

6.1.6 Pre burn-in Electrical Test

Ordinarily this is the same as final electrical test.

6.1.7 Bum-in

Condition A and Condition D of MIiL-STD-883, Method
1015 are available. The stress is applied for 168 hours at
125°C or at other temperatures according to the time-
temperature regression.

6.1.8 Final Electrical Test

Verifies functional and parametric performance to the
device specifications.

6.1.9 Final Visual Inspection

All parts are inspected to Method 2009 of MIL-STD-883.

6.2 Standard Screening

Standard Screening is designed for the industrial-com-
mercial customer and is available in all package types.
For hermetic packages, temperature cycling, centrifuge
and hermeticity are specified as well as die, preseal, and
final visual inspection.

6.2.1  Standard Die and Preseal Visual Inspections
(AC-04, AC-08)

These inspections were developed from Method 2010 of
MIL-STD-883.The in%ecﬁon criteria are specific to SMC’s
pMOS and nMOS COPLAMOSE® technologies.

6.2.2 Temperature Cycling (AC-15, AD-13)

Temperature cycling is performed to the MIL-STD-883,
equivalent of Method 1010, Condition C, —65°C/ + 150°C,
ten cycles.

6.2.3 Constant Acceleration (centrifuge) (AC-16, AD-14)

‘Constant Acceleration is performed to the MIL-STD-883,
equivalent of Method 2001, Condition E, 30,000 g in the
Y1 orientation.

6.2.4 Hermeticity (AC-11, AD-15)

Includes fine and gross leak testing to SMC equivalent
of MIL-STD-883 Method 1014 Conditions A and C.
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6.2.5 FinalElectrical Test

Verifies functional and parametric performance to the
device specifications.

6.3 Custom Screening

Certain applications require special screening which can
be arranged upon request.

7.0 Electrical Test

7.1 Probe and Final Test

SMC test programs are developed by the Test Engi-
neering Department and verified by device characteri-
zation. An approval procedure is required for the transfer
of a new test program or a revised test program from
engineering to production.

7.2 Characterization/correlation

Characterization of parts and correlation of test results
with customer incoming testing performed on SMC test
equipment, including Megatest and Sentry™ test sys-
tems.

7.3 Product Engineeri'ng

SMC product engineers characterize parts to improve
processing target parameters and test correlation with
customers.

8.0 Purchased Material

All manufacturing materials are purchased from quali-
fied vendors to SMC procurement specification.

9.0 Quality Control

The Quality Control Department reports at the same level
as the manufacturing, test and process engineering
departments. QC is responsible for incoming inspec-
tion, in-process audits, out-going inspection, document
control, processing returned material and certification of
compliance to specification.

9.1 Incoming Inspection

Inspectors verify critical parameters on all material used
in manufacturing. The department maintains an approved
vendor list and interfaces directly with vendor QC
departments.

9.2 In-process Audits

QC performs an on-going monitoring of wafer process-
ing, test and assembly functions.

9.3 Outgoing Inspection

QCinspectors verify proper documentation and perform
an external mechanical/visual inspection on each lot prior
to shipment. .

9.4 Document Control

All procedures for design, wafer processing, assembly,
quality control and quality assurance are maintained by
document control.

9.5 Returned Material Processing

Returned material, whether for device performance or
clerical reasons, is processed through visual and elec-
trical testing.

9.6 Certificates of Compliance

Certificates of Compliance are available for specified
screening and/or for products ordered under a customer
part number/specification.

10.0 Quality Assurance
The Quality Assurance Department is the customer's




representative and is independent of the product line and
‘manufacturing organizations. Quality Assurance is
responsible for reliability assessment of new and exist-
ing processes, material analysis, failure analysis, and
development of evaluation methods.

10.1 Process Qualification

All new processes and process revisions must equal or
exceed the reliability of existing processes on applicable
sections of the SMC Quality Conformance Test.

10.2 Quality Conformance Test

Samples of finished product are tested periodically to the
criteria of QA-01 (see table 2). This test sequence pro-
vides historical data which is also used for qualification
of new products and processes. The various subgroups
contain tests referenced in Method 5005 of MIL-STD-883
as well as tests designed around industry requirements
not yet incorporated in military standards.

10.3 Analysis

10.3.1 The analytical facilities include a scanning
electron microscope (SEM), an infrared microscope,
optical microscopes, an X-ray unit and electronic test
instruments.

10.3.2 Scanning electron microscopy is used in the
periodic evaluation of workmanship in wafer processing
and assembly, to support engineering efforts at process
development and improvement, and in failure analysis.

10.3.3 Failure Analysis is performed upon request by
sales, marketing or manufacturing organizations and is
also performed on reliabiiity test failures. The failure
analysis procedures support the development of new
product, process improvements, and the evaluation of
screening methods.

10.3.4 Material analysis is performed on layers of the
integrated circuit and on packaging to support the engi-
neering deveiopment. This characterization is per-
formed on in-house facilities. Independent outside
analytical laboratories are used to supplement SMC
facilities if and when required.

11.0 Lot Traceability

SMC maintains full lot traceability on all product types in
all packaging options (including plastic). The informa-
tion available includes:

11.1 Wafer Processing Records

Sign-off and date on all operations, critical measure-
ments and inspection records.

‘TABLE 1
WAFER LOT ACCEPTANCE
TEST LIMIT SAMPLING PLAN
wafer minimum thickness 0.010 in. exceeds MIL-M-38510 LTPD = 10 (Incoming)
thickness minimum of .006 in.
metallization 17,500 A + 2,500 A one wafer per metailization run
thickness
stability A Ve < 0.5volts test piece each tube change, each
week, and each wafer lot

device V,, enhancement, depletion as applicable
parameters K’ enhancement, depletion as applicable

ps polysilicon each wafer

psmesa(n+)

dielectric strength (BV,,)

n+ diode breakdown (BV, +)
SEM Mil-Std 883 Method 2018 each week on each process
Glassivation 3,000 A minimum Silicon Nitride one test piece per deposition run

5,000 A minimum Silicon Dioxide

DATE CODE INTERPRETATION
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the last two digits of the number of year—,

the calendar week of the year ———— I
wafer lot identification suffix
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11.2 Wafer Lot Acceptance (Mapping) 11.3 Wafer Probe and Final Test Data

(see table 1) These are correlated with mapping results to develop
Device parameters are recorded using a precision par- optimized process targets and yield improvement.
ametric interface to a Digital Equipment Corporation PDP

11/23 computer. The data base at wafer map includes 11.4 Assembly Records v

probe, final test and wafer processing records (run Inspection results and screening throughput is recorded
sheets). with date and sign-off for each lot.

TABLE 2—QA-01 QUALITY CONFORMANCE

GROUP B TESTS
Mil Std Quantity/
SMC Test 883 accept no. or
Test Method Method Condition LTPD Frequency
Subgroup 1 ‘
Physical dimensions QC-22 2016 2 devices every package
(no failures) lot
Subgroup 2
Resistance to solvents QcC-21 2015 Marking Permanence 4 devices every
’ (no failures) shipment
Subgroup 3
Solderability 2003 Soldering temperature of 15 periodic
260 =10°C conformance
Subgroup 4
Internal visual and 2014 Failure criteria from design 1 device periodic
mechanical and construction (no failures) conformance
requirements of applicable
procurement document
Subgroup 5
Bond strength QC-12 2011 15 periodic
(1) Thermocompression (1) Test condition C or D conformance
(2)Ultrasonic or wedge (2) Test condition C or D
Die shear strength QC-13 2019
Subgroup 6
Internal water-vapor 1018 5,000 ppm maximum water 3 devices periodic
content content at 100°C (no failures) or conformance
5 devices
(1 failure)
Subgroup 7
Seal 1014 As applicable 5 periodic
(ag Fine conformance
(b) Gross
Subgroup 8
Electrical parameters ) Group A, subgroup 1 15 new device
Electrostatic discharge 3015 Test condition A or B types
sensitivit?/
Electrical parameters Group A, subgroup 1
GROUP C TESTS—DIE RELATED
Mii Std Quantity/
SMC Test 883 accept no. or Package
Test Method Method Condition LTPD Type
Subgroup 1 .
Steady state life test QA-02 1005 Test condition to be 5 all
specified (1,000 hours at
125°C
End-point electrical Final test As specified in the
parameters applicable device
specification
Subgroup 2
Temperature cycling 1010 Test condition C 15 all
Constant acceleration 2001 Test condition E min. hermetic
Y, orientation only
Seal 1014 As applicable
(a) Fine
(b) Gross
Visual examination
End-point electrical Final test As specified in the
parameters applicable device
specification
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GROUP D—PACKAGE RELATED

Mil Std Quantity/
SMC Test 883 acce!;:tpno. or Package
Test Method Method Condition LTPD Type
Subgroup 1 ‘
Physical dimensions QC-22 2016 15 all
Subgroup 2
Lead integrity QC-19 2004 ;I‘est condition B2 (lead 15 all
atigue
Seal AC-11 1014 As applicable all
a) Fine hermetic
b) Gross e
Lid torque 2024 As applicabie cerdip only
Subgroup 3
Thermal shock 1011 Test condition B, 15 cycles 15 alt
Temperature cycling 1010 Teslt condition C, 100 hermetic*
cycles
Moisture resistance QA-03 1004
Seal 1014 As applicable
(a; Fine
(b) Gross
Visual examination - Per visual criteria of
Method 1004 and 1010
End-point electrical As specified in the
parameters applicable device
specification
Subgroup 4
Mechanical shock 2002 Test condition B minimum 15 all
Vibration, variable 2007 Test condition A minimum hermetic
frequency
Constant acceleration 2001 Test condition E minimum,
Y, orientation
Seal 1014 As applicable
(a) Fine
(b) Gross
Visual examination
End-point electrical As specified in the
parameters applicable device
specification
Subgroup 5
Salt atmosphere 1009 Test condition A minimum 15 all
Seal 1014 As applicable hermetic*
(a) Fine
(b) Gross
Visual examination Per visual criteria of
Method 1009
Subgroup 6
Internal water-vapor 1018 5,000 ppm maximum water 3 devices all
content content at 100°C (no failures) hermetic
or 5 devices .
(1 faiture)
Subgroup 7
Adhesion of lead finish 2025 15 all
Subgroup 8
Humid Environment QA-04 1000 hours 85°C/85% 15 plastic
Relative Humidity
End-point electrical Final test
parameters
Subgroup 9
Autoclave (Pressure QA-05 24 hours at 2 atm 121°C 15 plastic
Cooker)
End-point electrical Final test
parameters

*packages having gold plating thicknesses of 50 microinches or less are not required to pass subgroups 3 and 5.
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CERAMIC

WAFER LOT ACCEPTANCE
1
WAFER PROBE
|

I

r

[ AC-01 SAW
r

I

I

I

I

AC-02 BREAK

T

|

|

|

]

AC-03 DIE PLATE B
i

i
AC-04 STD DIE VISUAL
I
QC-09 DICE INSPECTION AUDIT |
I
AC-05 DIE ATTACH J

—I’ AC-13 DIE SHEAR AUDIT |

[AC-OG-AL VIIIRE BOND JI AC-07-AU \IVIRE BOND I
. 1 1]

—l AC-14 BOND STRENGTH AUDIT I

| AC-08 PRE-SEAL VISUALINSP |
| Qc-09 PRE-ISEAL AUDIT |
[ 700 SEAL |
| AC-10IMARK |
{ AC-15 TEMP OYGLE 6577 7500 100V |
| Ac1sconsT ACICEL Y¥1-30,000 G
[ AC-11 HEFIiMETICITY
| AC-12I TRIM

_ FINALI TEST

PAICK
T

QC-22 OUTGOING AUDIT

-

— QUALITY ASSURANCE AUDIT

[ SHIP |

*This High Reliability flow chart applies to ceramic product.
Similar flow charts exist for cerdip and TC packaging. All
ACXX, QCXX procedures are under SMC Document Control.
All Method XXXX procedures are MIL-STD-883 Test Methods.
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HI REL AVAILABLE

ON ALL HERMETIC PACKAGES*

WAFER LOT ACCEPTANCE

1
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1
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METHOD 2010 COND. B

L

QC DIE VISUAL AUDIT
METHOD 2010 COND. B

—

AC-05 DIE ATTACH }

METHOD 2019
DIE SHEAR STRENGTH

1

I 1
[Ac-os-AL WIRE BOND ||§c-o7-Au WIRE BONQ
I T

I

METHOD 2011 BOND STRENGTH I

PRE-SEAL VISUAL
METHOD 2010 COND. B

PRE-SEAL VISUAL AUDIT
METHOD 2010 . COND. B

I

AC-09 SEAL

1

[

1

AC-10 MARK |
METHOD 1008 STABILIZATION BAKE |

METHOD 1010 COND. C
TEMP CYCLE

METHOD 2001 COND. E
CONSTANT ACCELERATON

METHOD 1014 SEAL
(HERMETICITY)

AC-12 TRIM

L

PRE-BURN-IN TEST

METHOD 1015 BURN-IN

I
FINAL TEST

1

PACK

__II_I_.I_._L__

1

METHOD 2009
EXTERNAL VISUAL

1

QC-22 OUTGOING AUDIT |

QUALITY ASSURANCE AUDIT |
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PLASTIC (NOTE 1) CERDIP

| WAFER LOT ACCEPTANCE | [ WAFER LOT ACCEPTANCE |
[ WAFERIPROBE | [ WAFEFEROBE |
| SAW/BIREAK | [ AD-01! SAW |
| DIE PILATE | | AD-02 :BREAK |
[ SECOND OPTICIAL DIE VISUAL ! [ AD-03 DI|E PLATE |
il i

| |

|

I DIE VISUAL AUDIT | AD-04 STANDARD DIE VISUAL

[ DIE A'IITACH | ac-o9DICE INS—IEECTION AUDIT
—  DIEPUSHTEST | [ AD-05 DII; ATTACH

| WIRE BOND | ' — AD-06 DIE SHEAR AUDIT |
—{ BOND STRENGTH AUDIT | [ AD-07 WIRE BOND |

[ THIRD OPTICAL PRE-SEAL VISUAL | — AD-08 WIRE PULL AUDIT |

[ PRE-SE/lL AUDIT | | AD-09 PRE-SEAL VISUAL INSPECTION |

[ MOILD | | Qc-08 PREgEAL ALDIT |

| BACK-SIéJE MARK | ( AD-10 PFIIE-BAKE' |

| TRIM/:?ORM | | AD-11 ]SEAL : |

[ SOLDéR DIP | [ AD-12 IMARK |

[ MA:RK l | PS-10 TII\:J PLATE |

| OPEN/SHORT TEST | | PS-10 VISUAL INSPECTION |

[ EXTERNP!L VISUAL | — QC-15 SOLDERABILITY AUDIT |

MECHANICAL/VISUAL L AD-13 TEMP CYCLE

MARKING PERMANENCE I

[ __SHP ] QC-22 OUTGOING QCAUDIT |

|
| AD-14 CONST ACCELERATION ]
I
[ FINAL ELEC'II'F\‘ICAL TEST | | PRETy—" |
[
L PAICK il | AD-16 TRIM |
| QC22 OUTGOING QC AUDIT | [
[ FINAL ELECTRICAL TEST 1
1
—| QUALITY ASSURANCE AUDIT | | e 1
I

-f QUALITY ASSURANCE AUDIT

| SHIP |

Note 1—Plastic assembly is sub-contracted. Assembly
operations are controlled by SMC approved
sub-contractor specifications.
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STANDARD MICROSYSTEMS
CORPORATION ———
S

COM 1553A

JALPC FAMILY

MIL-STD-1553A “SMART"”

FEATURES

[0 Support of MIL-STD-1553A
[0 Operates as a: Remote Terminal Responding
Bus Controller Initiating

[0 Performs Parallel to Serial Conversion when
Transmitting

[0 Performs Serial to Parallel Conversion when
Receiving

O Compatible with HD-15531 Manchester Encoder/
Decoder

0J All Inputs and Outputs are TTL Compatible

[0 Single +5 Volt Supply

[0 COPLAMOS® N Channel MOS Technology

0 Available in PC Board Form from Grumman
Aerospace Corporation

PIN CONFIGURATION

O
“0"MSG FLG 1 1] 40GND
“0"WRDFLG 2 (] [ 39BDCST
WWF 3 ] O ssvee
DTAAVL 4 N 37 AD1
RCVINT 5 E 0 36AD2
TXINT 6 g 35 AD3
cMDSYN 7 ] 34 AD4
DTASYN 8 ] ] 33AD5
RCVNRZ 9 [ 0 32RGE
SwWeE10 [ 0 31po7
FOR11 ] [ 3006
Rz [ 2905
RCVCLK13 ] 28 D4
vw1s 2703
SEND DATA 15 [] ] 2602
DTARRST 16 (] 0 2501
MSGCOMPLT 17 [ ] 2408
TXENA18 (] ] 23 TDE
TXCLK19 [ 22 TX MODE
XMITNRZ20 ] E 218C
PACKAGE: 40-pin D.I.P.

GENERAL DESCRIPTION

The COM 1553A SMART® (Synchronous Mode Avionics
Receiver/Transmitter) is a special purpose COPLAMOS
N-Channel MOS/LSI device designed to provide the
interface between a parallel 8-bit bus and a MIL-STD-
1553A serial bit stream.

The COM 1553A is a double buffered serial/parallel and
parallel/serial converter providing all of the “hand
shaking” required between a Manchester decoder/
encoder and a microprocessor as well as the protocol
handling for both a MIL-STD-1553 bus controiler and
remote terminal. :

The COM 1553A performs the following functions in
response to a 16 bit Command Word. It provides address
detection for the first five bits of the serial data input.
If all 1’s appear in the address field, a broadcast signal
is generated. The sixth bit is decoded as mode: transmit
or receive. The next five bits are decoded for zero
message flag and special flags in the subaddress/mode
field. The last five bits (word-count field) are decoded
determining the number of words to be received or
transmitted.

When receiving data sync the COM 1553A performs a
serial to parallel conversion, buffers the 16 bit message

word, and formats it into two parallel (8 bit) bytes for
presentation to the 1/O bus under processor or hard
wired logic control.

In the transmit mode the COM 1553A takes two parallel
8 bit data words from the I/0 bus and serially transmits
the resultant 16 bit word to the Manchester encoder.
This is done under the control of Send Data. To facilitate
data transfer the COM 1553A provides all necessary
buffering and storage for transmitted and received data.
It also provides all necessary hand shaking, control
flags and interrupts to a processor or hard wired logic
terminal. See block diagram 1.

The COM 1553A can be set up as either a remote termi-
nal or a bus controller interface.

The COM 1553A is compatible with Harris’ HD-15531
CMOS Manchester Encoder-Decoder chip and inter-
faces directly with it. A 3 device kit consisting of: SMC’s
COM 1553A, Harris’ HD-15531 and Circuit Technology’s
CT1231 forms a complete system interface for the
message structure of MIL-STD-1553A. See block
diagram 2.

Note: All terminology utilized in this data sheet is
consistent with MIL-STD-1553.

27




S
2 28 «n
Sod. - BSo ag BLOCK DIAGRAM 1
2239 |7 32
ST BsE 33
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L
AD1
TERMINAL ' 16 BIT REC DATA S/R
ADDRESS 1 T
AD5 -
CMD SYNC —— REC DATA BUFFER 2
DATA SYNC | g
VALID WORD 9(0
TX ENABLE Dg-07 -D0 | 55
SEND DATA CONTROL | 11O SELECT Vo) : gﬁ
DATA REQ LOGIC BUFFER ! ok
DATA AVAIL L D7) B0
~
RCV INTERRUPT =
———— [ee]
TX INTERRUPT _— TX BUFFER 1
INTERRUPT ACK v v
POR —= XMIT NRZ
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AT
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

“@” MESSAGE FLAG

OMF

The ZERO MESSAGE FLAG output is set when the 7th
through 11th bits of the NRZ serial input data in a command
envelope (see figure 1) are zero. @MF is an open drain output.

“@” WORD FLAG

OWF

The ZERO WORD FLAG output is set whenthe 12ththrough
16th bits of the NRZ serial input data in a command envelope (see
figure 1) are zero. @WF is an open drain output.

INVALID WORD
FLAG

IVWF

The INVALID WORD FLAG output is set when the word just
received has an invalid parity bit or invalid format. IVWF is an open
drain output.

DATA AVAILABLE

DTA AVL

DATA AVAILABLE is set when a word received is ready to be read.
When the COM 1553A is the bus controlier, DTA AVL occurs on
command, status or data words. When the COM 1553A is a remote
terminal, DTA AVL is set only on data words. DTA AVL is an open
drain output.

RECEIVE INTERRUPT

RCV INT

RECEIVE INTERRUPT is set to zero when the 6th bit following a
command sync is azergand thefirst5 bits matchAD1-AD5. RCV INT
is reset to one by A or POR, or if the line is not active for 32

receive clocks.

TRANSMIT INTERRUPT

TX INT.

TRANSMIT INTERRUPT is set to zero when the 6th bit following a
command sync is aone, and thefirst5bitsmatch AD1-ADS5. TXINTis
reset to one by IA or POR.

COMMAND SYNC

CMD SYN

COMMAND SYNC is an input from the Manchester decoder and
must be high for 16 receive clocks enveloping the receive NRZ data
of a command word.‘

DATA SYNC

DTA SYN

DATA SYNC is an input from the Manchester decoder and must be
high for 16 receive clocks enveloping the receive NRZ data of a
data word.

RECEIVER NRZ

RCV NRZ

Receiver serial input from Manchester decoder. Data must be stable
during the rising edge of the receive clock.

10

STATUS WORD
ENABLE

SWE

SWE is the output enable for the following open drain outputs:
@MF

OWF

IVWF

DTA AVL

DTA RQ

MSG CPLT

1

POWER ON RESET

o
sy

POWER ON RESET. Active low for reset.

INTERRUPT ACKNOWLEDGE

TA resets TX INT, REC INT, @MF, BWF and BRD CST. IA may occur
between the trailing edges of receive clocks 6 and 10, orbetweenthe
leading edge of receive clock 12 and the falling edge of receive clock
15, or after the falling edge of clock 17.

13

RECEIVE CLOCK

RCV CLK

The RECEIVE CLOCK is synchronous with the Receiver NRZ input
during the command sync or data sync envelopes.

14

VALID WORD

vw

This input is driven by the VALID WORD output of the Manchester
Decoder. VW should occur immediately after the rise of the first
RCV CLK following the fall DATA SYNC or COMMAND SYNC.

29
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

15

SEND DATA

SD

SEND DATA is a “handshake” signal received from the Manchester
encoder indicating that the encoder is ready for the COM 1553A to
transmit data. SD will bracket 16 transmit data clocks. The contents
of the transmitter buffer will be transferred into the transmit register
when SD is low.

16

DATA REQUEST

DTA RQST

DATA REQUEST is an open drain output which is set high when
the transmitter holding register is ready to accept more data.

17

MESSAGE COMPLETE

SG CMPL

In the receive mode the MESSAGE COMPLETE output is set low
when the appropriate number of data words have been received. In
the transmit mode, MSG CMPLT indicates that the appropriate
number of command, status or data words have been transmitted.
When the COM 1553A is a bus controller, MSG CMPLT will be
asserted low when 33 command status or data words have been
transmitted. MSG CMPLT is an open drain output.

18

TRANSMIT ENABLE

TXENA

A TRANSMIT ENABLE signal will be sent to the Manchester
Encoder to initiate transmission of a word. TXENA is generated
under the following conditions:
1) COM 1553A is a bus controller: A TXMODE pulse will set TXENA.
A second TXMODE pulse will reset TXENA.
2) COM 1553A is a remote terminal. A Transmit Command from the
Controller will cause a TRANSMIT INTERRUPT (see pin 6). When
this is acknowledged by a TXMODE pulse from the system, TXENA
will be set.
TXENA will then be reset by either

A) Send Data Command associated with the last data word.

B) a second TXMODE pulse.
3) COM 1553A is a remote terminal. The falling edge of a DATA
SYNC associated with the last data word of a message while in the
receive mode. TXENA will be reset during the next SEND DATA
envelope.

19

TRANSMIT CLOCK

TXCLK

Transmitter shift clock.

20

TRANSMIT NRZ

XMIT NRZ

Serial data output to the Manchester Encoder.

21

LLER

BC

BC determines whether the COM 1553A is acting as bus controller
(BC =0) or as a remote terminal (BC=1).

22

TRANSMIT MODE

TXMODE

TXMODE is a system input controlling transmission. See TXENA
(pin 18).

23

TAKE DATA ENABLE

-
=]
m|

TDE is an input from the system initiating transmission. Two TDE
pulses are required for each 16 bit data word, one for each 8 data
bits placed on D@-D7.

24-31

DATA BUS

Bidirectional 8 bit Data Bus to the system. D@ is the LSB. Dg-D7
present open drain outputs.

32

READ DATA ENABLE

RDE isan input from the system instructing the COM 1553Atoplace
the received data onto D@-D7. Two RDE pulses are required per 16
bit data word, one for each 8 bits.

AD5-AD1

AD1-ADS provide addressing to the COM 1553A. Eachinputhas a
pull-up resister allowing simple switching to ground to select the
user address.

POWER SUPPLY

+5 Volt supply.

BROADCAST

BDCST is set low when a “broadcast” command word (the address
bits all set to “one”) is being received. BDCST is reset by 1A.

40

GROUND

Ground

30




OPERATION...RECEIVE MODE

The COM 1553A is considered in the receive mode when
TXENA = 0. The most significant bit of both command
and data words is received first.

Message reception is initiated when CMD SYN goes
high. The next 16 receive clocks are used to shift serial
data into RCV NRZ.

The first 5 bits of a command word designate a remote
terminal address. These 5 bits are compared with AD1-5.
Should the address bits compare, the sixth bit is
examined. [f it is a zero, a RECEIVE INTERRUPT is gen-
erated. If it is a.one, a TRANSMIT INTERRUPT is
generated.

Bit fields 7-11 and 12-16 are examined for all zeros. All
zeros in bit field 7-11 denotes a “ZERO MESSAGE” and all
zeros in bit field 12-16 denotes a “ZERO WORD.”

Receipt of a data word is indicated when DTA SYN
goes high.

When DTA SYN or CMD SYN goes low, the contents of
the 16 bit receive register are loaded into the receive
buffer. The buffer is organized into two groups of 8 bits
each. The most significant 8 bits (byte 1) will be enabled
onto the 8 bit data bus on receipt of the first RDE pulse
(RDET). The second byte will be enabled on receipt
of the second RDE pulse (RDE2).

A DATA AVAILABLE is generated for data words only.
However, data will be available on D@-D7 for both com-
mand and data words.

If 32 clocks are received after the rising edge of CMD

“SYN or DTA SYN an “Idle Line Reset”’ condition exists.

This implies that a new CMD SYN or DTA SYN has not
yet been received within 16 clocks of the fall of the
previous sync signal. The “Idle Line Reset”will reset the
following signals: .

“0” MSG FLG

REC INT
TXINT “0” WRD FLG
BRD CST

When the commanded number of data words have been
received, a MESSAGE COMPLETE signal is generated.

As the transmitter and receiver registers operate
independently, the COM 1553A will receive its own
transmission. The following signals are inhibited during
transmission:

BC=0 BC =1
REC INT DAT AVL
XMT INT IVWF
BRD CST REC INT
PWF XMT INT
OMF MG
JAM MESSAGE ERROR* OWF

BRD CST

JAM MESSAGE ERROR*

*JAM MESSAGE ERROR is an internal signal. See
OPERATION...TRANSMIT MODE.

B e e
OPERATION...TRANSMIT MODE

The COM 1553A is considered in the transmit mode
when TXENA = 1. This is caused by a TXMODE pulse
(see description of pin functions, pin 18). The TXMODE
pulse in turn is a system response to a transmit
command from the receiver.

When the Manchester Encoder receives TXENA = 1, it
will respond with SEND DATA = 1. The COM 1553A will
then send the system a DATA REQUEST.

Data is loaded into the transmitter data buffer from the
8 bit data bus by pulsing TDE. The 8 most significant
bits are loaded in by the first TDE pulse (TDE1), the 8
least significant bits by the second TDE pulse (TDE2).

When SEND DATA (pin 15) is low, the transmitter shift
register inputs will follow either the transmit buffer
output, JAM ADDRESS or JAM MESSAGE ERROR sig-
nals. When SEND DATA is high, the shift register parallel
inputs are disabled and the shift register contents are
shifted out in NRZ form using the 16 negative edges in
the send data envelope.

To facilitate transmission of the status word from a
remote terminal, the COM 1553A will “jam” the first
(most significant) 6 bits of the status word into the
transmit register when BC is high. These bits will
automatically be sent at the first SEND DATA pulse. in
general for MIL-STD-1553A the remaining 10 bits will
normally be all zeros and will automatically be sent out
as such. If it is desired to send additional status
information (for MIL-STD-1553B),a TDE1 pulse will load

31

the least significant 2 bits of the first 8 bit byte, and a
TDE2 will load all 8 bits of the second-byte. Note that
these TDE pulses must be sent (and data presented)
before the first SD = 1 response from the Manchester
Encoder.

A JAM ADDRESS occurs when 1) a transmit command
is addressed to the COM 1553A 2) A TXMODE pulse is
received and 3) a valid word signal is received. Upon a
JAM ADDRESS the COM 1553A will load its address into
the first 5 bits of the transmit register.

Alternatively, a JAM ADDRESS will also occur at the
fall of the last data sync after valid receive command
has been detected.

The JAM ADDRESS function will be inhibited if a “0”
word and “0” message condition exists in the command
word. The JAM ADDRESS will be reset by the leading

edge of SEND DATA.

The JAM MESSAGE ERROR function occurs when, in
the receive mode, a data word is not followed by a
VALID WORD signal. JAM MESSAGE ERROR consists
of loading a one in the sixth bit location of the transmit
shift register (the message error location).

JAM MESSAGE ERROR is inhibited when the transmit
command word contains “0” Message and “0” Word
fields.

When the commanded number of data words has been
transmitted a MESSAGE COMPLETE signal will be
generated.




GENERAL OPERATION NOTES

1. BUS CONTROLLER. When BC =0, signifying that the COM 1553A is the bus controller the following is true:
A. DTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Sync. This
allows the bus controller to receive command, status or data words regardiess of their address.
B. TXENA is contingent only on TXMODE. A bus controlier can therefore transmit whenever it desires.
C. The jam functions are inhibited.

2. INVALID WORD FLAG. When BC = 0, IVWF will be set if the Valid Word input (from the Manchester decorder).does
not go high following receipt of all words. This includes words received from the same device's transmitter. (This
provides a validity test of the controller transmission).

When BC = 1, IWWF will be set if Valid Word does not go high followmg receipt of all command and address words
addressed to the terminal.

IVWF will be set for the following conditions:

Message type Word Terminal is IVWF generated
Transit Group Transmit command receiving yes
Status word transmitting no
Data word transmitting no
Receive Group Receive command receiving yes
Data word receiving yes
Status word transmitting no
Receive/Transmit Receive command receiving yes
Group (this Transmit command receiving no
terminal addressed Status word receiving no
to receive) Data word receiving - yes
Status word transmitting no
Receive/Transmit Receive command receiving no
group (this terminal . . Transmit command receiving yes
addressed to Status word transmitting no
transmit) Data word transmitting no
Status word receiving no

3. POWER ON RESET. During power-up, POR is a low to high exponential with a minimum low time, after the
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power
has stabilized.

POR initializes the following outputs:

oMG REC INT TDE
OWF MSG CMPLT DTA AVL
BRD CST VW TXENA
XMT INT RDE - DTA RQ
The following circuit may be used to implement POR.
Vee TO OTHER SYSTEMS
10K
| FOR
2mid —
_L 7 TRIGGER
74XX
- IN914 or equiv.
4. WORD COUNT: Word count is decoded as follows:
D1 D2 D3 D4 D5 Word Count
0 0 0 0 1 1
0 0 0 1 o0 2
11 1 1 1 31
0 0 0 0O 32



TRANSMIT TIMING FIGURE 1
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range. . ... .ottt i e et et iiieaateanaannes -55°C to +125°C
Storage Temperature Range. ... ...ttt e e ittt ie e -55°C to +150°C
Lead Temperature (sOldering, 10 SEC.) .. ..ottt ittt ittt eeaieeraenneesanns - +325°C
Positive Voltage on any Pin, with respecttoground ............ciiiiiiiiiiiiiiiiiiiiieenananns +8.0V
Negative Voltage on any Pin, with respectto ground ........ ... .ot e i ieaanannn -0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the
AC power line may appear on the DC output. Ifthis possibility exists itis suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta = -55°C to 125°C, Vec = +5 5%, unless otherwise noted)

PARAMETER MIN | TYP | MAX | UNIT COMMENTS
DC CHARACTERISTICS
Input Voltage Levels
Low Level, Vi 038 Vv
High Level, Vi1 3.0 \
Output Voltage Levels
Low Level Vou 04 V |loo = -1.6 mA, except open drain
High Level Von 30 | 40 V  |lon = 100 pA, except open drain
Low Level Vo 04 V llo. = -1.6 mA, open drain output
Output Leakage, o 10 MA
Input Current, AD1-AD5 60 LA |Vin=0V
Output Capacitance 5 10 | pf
Input Capacitance 10 25 pf
Power Dissipation 500 mw
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PARAMETER SYMBOL | MIN | TYP | MAX | UNIT| COMMENTS

AC CHARACTERISTICS
Clock Frequency fr, fr 980 | 1000 | 1020 | KHz
Clock Duty Cycle 45 50 55 %
Rise and fall times, 1A, TDE

TXMODE, SWE, RDE tr, tf 20 | ns
rise and fall times, all

other inputs tr, tt 50 ns
receiver clock-NRZ trn 65 ns | figure3B
receiver clock-sync deiay tsr 85 ns figure 3B
receiver clock-VW delay trv 100 ns figure 3B
VW reset delay tvs 500 ns figure 3C
transmit clock-TX ENA delay trx 25 ns figure 4A
TX ENA pulse width txw 60 ns figure 4A
transmit clock-send data set-up trs 40 ns figure 4B
transmit clock-send data hold time tst 140 ns figure 4C
transmit clock fall to NRZ trv 0 ns figure 4B
transmit clock rise to NRZ tnt 95 ns figure 48
TXMODE pulse width taw 150 ns | figure5A
TXMODE to TX ENA delay tmx 750 ns figure 5B
VALID word to TX ENA delay tvx 750 ns figure 5B
Data sync to TX ENA delay tox 750 ns figure 5C
TX ENA reset delay tsx 750 ns figure 5C
DATA SET-up time tos 100 ns figure 6A
TDE pulse width to2 150 ns | figure6A
Data Hold time tos 100 ns | figure6A
Cycle time toa 450 16000 ns figure 6A
DTA RQST Delay tos 450 ns figure 6A
Output Enable time tos 100 ns figure 6B
RDE Pulse width tor 150 ns | figure6B
receive cycle time tos 450 17000] ns figure 6B
Flag delay time tos 450 ns figure 6B
Output disable time toto 100 ns figure 6B
SEND DATA delay ton 25 35 us figure 6C
TDE off delay to2 15 us figure 6C
TDE1 delay toa 500 ns figure 6C
SYN to RDE to1s 500 ns | figure6D
RDE to SYN tots 25 us figure 6D
Status word Enable tse 100 ns figure 8A
Status word Disable tso 100 ns figure 8A
Flag delay time ter 1 us figure 8B
VW delay time tev 90 ns figure 8B
IVWF delay time ter 450 ns figure 8B
DTA AVL delay time teo 500 ns figure 8B
DTA RQST delay time tsm 450 ns figure 8C
BRD CST delay time tre 2 us figure 8C
BRD CST pulse width tew 1 us figure 8D
flag reset delay tis 750 ns figure 8D, 8E
interrupt deiay tri i5 us figure 8D
IA pulse width tia 150 ns figure 8D
interrupt puise width tiw 1 LS figure 8D
Flag reset time ter 450 ns figure 8F
DTA AVL reset delay trp 750 ns figure 8F
IVWF reset delay tay 750 ns figure 8F
MSG CMPLT turn-on delay tmr 15 s figure 9A, 9B
MSG CMPLT turn-on delay tme 15 us figure 9A,9C
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RECEIVE TIMING FIGURE 2
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5

5A
BC Z
L B

4 ¢
R
TX ENA

|
|
l
x> r*

5B*

BC=1 —

£\ 3 ) 2 3 3 ) S 3 A A

*CMD SYNC

| 1 ps min

TX MODE, NEGATIVE TRANSITION WILL
. OCCUR IN CROSS-HATCHED AREA.

(%
.
TX MODE { s——l—l—

= 1 us min

i

]
| la— 0.6
VALID WORD #s yp NS

= tvx — E tux
TX ENA '
LAST DATA 4§ I
SEND !

*THIS IS A CMD WORD BEING RECEIVED, IT IS ADDRESSED TO THIS BUFFER AND THE
T/R BIT =1. TX ENA IS RESET BY. 2ND TX MODE NEGATIVE TRANSITION OR BY
LAST SEND DATA (MESSAGE COMPLETE FUNCTION}).

5Cc**

( (

)
DATA SYNC ——] S S l_
{ (— {f—
RCV BIT TIMES 1 [ 2 ])S ’gl 15 | 16 _{5 5_

TX ENA

[
tox —= aad _.| bt
SEND DATA 1{ i—-]

*¥THIS IS THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AND A REC/XMIT BIT =0
DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT
FUNCTION AND RESET BY RECEIPT OF SEND DATA.
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DATA BUS TIMING FIGURE 6
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DATA BUS TIMING FIGURE 6

6C

TXENA

R

SEND DATA

TOE TDE2 STATE

to
TDET STATE
!—4——— tow ——:—4——1\»,———4

NOTE: SEND DATA RISING EDGE INITIALIZES TDE TO TDE1 STATE

6D

1A RESETS FIGURE 7

1112(3141516171819110111112113114115116117 118191201

RECCLK Lnnnnnn
CMDSYN——’

BRD CST

=

"0" MSG FLG

“0" WRD FLG

INVW FLG

DTA AVL
(DATA SYNC = 1)
TX'INT OR REC INT Z_

A

A B

7 1 12 157
RISES FALLS RISES FALLS FALLS

TA OCCURRING DURING ZONE A RESETS: BRD CST. TX INT. REC INT.
TA OCCURRING DURING ZONE B RESETS: BRD CST. TX INT. REC INT. "0" MSG FLG.
A0

CCURRING DURING ZONE C RESETS: BRD CST. TX INT. REC INT. "0" MSG FLG.
“0" WRD FLG.
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8A
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8D

8E

8F

SWE

STATUS FLAGS FIGURE 8
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Notes: 1. SWE = 0

e fen

2. IVWF and DTA AVL reset by RDE2 or REC CLK 14 of the
next word
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If RDE is_not used to reset IVWF and RDE, then they are
reset by RCV CLK 14 as shown below.
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MESSAGE COMPLETE FIGURE 9

BUS CONTROLLER MODE
E |
L —§5

MSG CMPLT
| 4

TX MODE
—u——J L -
SEND DATA
{0 <
T Rl

I¢—>l e l-—» tun

*WORD COUNTER IS PRESET TO 33

**"MSG CMPLT SET tse MAX AFTER RISE OF 33RD SEND
DATA PULSE

9A

REMOTE TERMINAL, RECEIVE COMMAND RECEIVED

¢ g0
T 7
& j

CMD SYNC

RCV CLK 16 |
9B
DTA SYNC |

MSG CMPLT

NE
T

IS S

o

*WORD COUNTER PRESET TO COUNT IN COMMAND WORD

**MSG CMPLT GENERATED BY LAST DATA SYNC OF
THE MESSAGE GROUP

REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED

—{(
_ A r
BC

CMD SYNC

RCV CLK l

SEND DATA

9c ———H——J

MSG CMPLT |

tur

*WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD
PLUS 1. THIS ALLOWS FOR THE STATUS WORD.

**MSG CMPLT GENERATED BY THE LAST SEND DATA OF
THE TRANSMIT MESSAGE GROUP.
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TYPICAL SYSTEM OPERATION

INITIALIZE

FIRST FIVE BITS
WITH AD1-
ADS

TO MPU

EXAMINE
6th BIT

SET
TRANSMIT
INTERRUPT

PRESEY TDE
TO TDE1
STATE

TO MPU

TO MPU

SET
BROADCAST

SET
RECEIVE
INTERRUPT

PRESET RDE
TO RDE1
STATE

TO MPU ‘

EXAMINE
BITS 12-16 WWF

7 |
/

TO MPU
SET EXAMINE
pWF BITS 12-16

PRESET
WORD
COUNTER

‘FROMMPU

1.SENDTA®
2. SEND
TXMODE

TO MPU

7. JAM ADDRESS O

2. JAMME =0

n
S

*SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND TA

YES
FROM DECODER

RECEIVE
DATA
WORD

|&]
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3
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TO ENCODER

FROM ENCODER

TO ENCODER

PRESET TDE
_LATCHTO
TOET STATE

* TO MPU

SET
DATA
REQUEST

FROM MPU

1. PRESENT
UPPER BYTE
2. PULSE TDE

SET TDE
LATCH TO
TDE2 STATE

SEND
DATA WORD
FROM
BUFFER

1. PRESENT
LOWER BYTE

2. PULSE
TBE

TRANSFER
BUFFER
CONTENTS INTO
XMIT SHIFT
REGISTER

TO ENCODER

TO MPU

JAM
ME =1

TO MPU

TO MPU

PRESENT
LOWER BYTE
‘OND8-D7

RESET
DATA
AVAILABLE

JAM
ADDRESS

+ TOMPU

l TO ENCODER

FROM ENCODER

TO ENCODER

l TO ENCODER
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OPEN DRAIN OUTPUT
FIGURE 10

SWE D

INTERNAL LOGIC

D@-D7 INPUT/OUTPUT
FIGURE 11
Vee

INTERNAL LOGIC

ABE DJ@*—*

OTHER OUTPUTS
FIGURE 12

Vee

e
INTERNAL LOGIC <—0——Do—i l_1
4

STANDARD M'CROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
CORPORATION 4

tions; consequently complete information sufficient for construction purposes’is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
T g assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
so22-e  devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
We keep ahead of our competition S0 you can keep ahead of yours.  at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
e —

COM1553B

JLPC FAMILY

Prefiminary Data

MIL-STD-1553B “SMART®”

FEATURES

[0 Support of MIL-STD-1553B
[ Operates as both Remote Terminal and
Bus Controlier
[ Manchester Il Serial Biphase input/Output
] 16 bit Microprocessor compatible
[] Command/Data Sync Detection/Identification
1 Automatic Command Response Generation
[0 On-Chip Address Recognition
[T Error Detection For:
Sync Errors
Parity Errors
Word Count Errors
Bit Count Errors
Invalid Manchester Code
Incorrect Address
Incorrect Bus Response Time
[ TTL Compatible
[ Recognizes Mode Codes and Broadcast
Commands
[ Provides DMA handshaking signals
1 COMPLAMOS® n-Channel MOS Technology

PIN CONFIGURATION
ps 1([] 7 []40 D8
D10 2 139 GND
b1t 3 [J 38 MANOUT
D12 4 q ) 37 MANOUT
D13 5 ( ] 36 CSTRA
D14 6 []35 DTR
D15 7 [J3¢ cD
TXMODE 8 [] [J 33 RTBC
POR 9 O P 32 BGACK
12MHz CLK 10 [J D 31 vbD
MANIN 11 30 ves
MANIN 12 [ [0 29 CSTR
mcF 13 [ [J 28 DTACK
Do 14 (0 J 27 MC
b1 150 {26 ™
D2 16 [ ] 25 AW
D3 17 [ )24 ve
D4 18 [ ] 23 WE
ps 19 [ 022 Ve
6 20 [ 0 21 o7
PACKAGE: 40-pin D.LP.

GENERAL DESCRIPTION

The COM1553B SMART® (Synchronous Mode Avionic
Receiver-Transmitter) is a 40-pin COPLAMOS® n-Channel
MOS/VLSI circuit designed to simplify the interface of
a microprocessor or buffer to the serial MIL-STD-1553B
data bus.

The COM1553B is a double buffered serial to parallel,
parallel to serial converter. It receives serial Manchester I
biphase encoded data from a 1553B bus receiver and con-
verts it to 16 bit. parallel data. When receiving Manchester
Il data, the COM1553B detects and identifies sync polarity,
reconstructs the clock, detects zero crossing, checks for the
proper number of bits and performs a parity check on the
incoming data. In addition to parity check, the COM1553B
also checks for sync errors, invalid Manchester code,
improper word count, incorrect address and incorrect bus
response time. The transmitter in turn, accepts 16 bits par-
allel data and serially transmits it as Manchester 1l data,

appending the appropriate sync and parity.

The COM1553B recognizes protocol commands, and
automatically generates the proper response, thereby off-
loading what otherwise would be microprocessor tasks. This
feature eliminates critical software timing requirements.

The COM1553B is designed to work both as a Bus Con-
troller and Remote Terminal, making it universal within the
MIL-STD-1553B environment. The COM1553B automat-
ically loads and recognizes its own address. It determines
the type of transfer required in both the Bus Controller and
Remote-Terminal modes and generates the proper control
signals to complete the transfer. It automatically transmits
the status word and detects message errors and mode
commands. Furthermore, it generates the control signals
for DMA operation, therefore eliminating processor
intervention.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. |NAME SYMBOL | FUNCTION
1-7, 14-21, | 16-bitDataBus | DO0-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and
40 , Status Words between the COM1553B and external memory.
8 Transmit Mode | TXMODE | This output signal when high indicates that the COM1553B is transmitting infor-
mation on the 1553B bus.
9 Power On POR Input signal used to initialize or reset the Error registers. The RT address must be
Reset reloaded after PORis issued.
10 12 MHz Clock 12C MHz 12 MHz clock input.
. LK
11 Complementary | MANIN This input is low when there is no data on the bus. A high level indicates that the
Manchester In data is in its negative state (Refer to receive waveform, figure 3). .
12 Manchester In MANIN This input is low when there is no data on the bus. A high level indicates that
the data is in its positive state (Refer to receive waveform, figure 3).
13 Mode Code MCF Output signal that is active high when a mode command (all I's or all 0’s in subad-
Flag dress) has been detected.
22 Power Supply VCC + 5 volts DC supply.
23 Write Enable WE Output signal. When low, WE indicates that the data on the 16 bit data bus is sta-
ble and can be written into the external memory.
24 Valid Command Vg Output signal that is puised high to signify the reception of a valid command.
25 Read/Write RW Output signal that indicates whether a DMA transaction is a COM1553B read
(when high) or a write (when low) operation.
26 Invalid M Output signal which is pulsed low at the same time as MC to indicate that a mes-
Message ‘ sage error has occurred.
i IMis also pulsed low while MC remains high if there are errors in the Command
! - word with matching address.
27 Message MC Output signal used as either an interrupt or flag to the processor whenever a
Complete COM1553B transaction has been completed.
28 Data Transfer DTACK This input signal when low indicates that the Data Transfer Request
Acknowledge (DTR) and BGACK has been acknowledged and data is on the data bus.
29 Command CSTR This input signal when low is used to inform the COM1553B that a Command
Strobe Control Code is available in external memory. When the COM1553B is ready, it
issues a Command Strobe Acknowledge and initiates a memory read cycle to
load the Command Control Code bits CB2-CBO.
30 Power Supply VBB — 5 volts DC supply voltage.
3 Power Supply VDD + 12 volts DC supply.
32 Bus Grant BGACK This input signal, when low, indicates that the processor has acknowledged DTR
Acknowledge . and relinquished the data bus.
33 Remote RT/BC When this input is high the COM1553B operates as a Remote Terminal.
Terminal/Bus When RT/BC is low, the COM1553B operates as a Bus Controller.
Controller _
34 Command/Data C/D This output signal during memory write operations indicates either a Command
L or Data Word transfer. A low level indicates that the COM1553B is writing a Data
Word, Status Word, the contents of the Error Register, or the contents of the Last
Command Register into external memory. ‘
A high level indicates that the transferred word is a Command Word. During
memory read operations this output is low. It goes high to indicate that data has
. been latched internally and the read operation is completed.
35 Data Transfer DTR Output signal that initiates a DMA transfer with the processor.
Request
36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates
Strobe the Gommand Control Code (CB2-CBO) transfer.
Acknowledge
37 Complementary | MANOUT | This output signal is high when the COM1553B is not transmitting.
Manchester A low level indicates that output data is in a positive state (refer to driver
Qutput waveform, figure 4).
38 Manchester MANOUT | This output signal is high when the COM1553B is not transmitting.
A low level indicates that output data is in a negative state (refer to driver
waveform, figure 4).
39 | Ground . GND Ground
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FUNCTIONAL DESCRIPTION

The COM1553B is organized into the following five
sections:

Manchester Encoder/Decoder

This section performs the manchester encoder and
decoder functions and code error check. The receiver con-
tinuously monitors the MANIN and the MANIN input lines
for a valid sync. After the reception of the 3 bit sync, the
receiver is in full synchronization. It then checks for transi-
tion errors and correct (odd) parity. If an error is detected in
the Command Word the receiver resets itself, puises IM and

waits for another valid sync. If any errors are detected in

Data and Status Words, the appropriate error bits in the
Status and Error register are set.

The transmitter section encodes the NRZ data from the
data bus into Manchester Il and appends, depending on
word type, the proper sync and parity.

State Sequencer Logic

The State Sequencer section generates the appropriate
signals to various internal sections to control the overall
device operation.

Inputs to the State Sequencer which establish its oper-
ational modes are as follows:

Remote Terminal/Bus Controller (RT/BC)

Determines whether the data terminal is operating as
a Remote Terminal or as a Bus Controller. As a result of
Dynamic Bus Allocation, any terminal shall be capable of
performing either function at different times.

Command Control Code bits D2-D0 (CB2-CB0)

These Command Control Code bits determine the type
of memory operation the COM1553B will execute. Transfer
of these commands to the COM1553B are initiated by
asserting Strobe Command (CSTR) low. This informs the
COM1553B that a command is available in external memory.
When the COM1553B acknowledges the CSTR signal, it
sets the CSTRA output low. The CSTR must be reset within
1.5 us. The COM1553B then initiates a memory read cycle
by setting R/W high, C/D low, and DATA TRANSFER
REQUEST (DTR) low. When the Command Control Code
bits are valid on the bidirectional data bus (D2-D0), DTACK

and BGACK are generated by the processor and these bits
are loaded into the COM1553B 3-bit latch decode register.
The command is then decoded in accordance with Table A.
Timing associated with loading these control bits into the
COM1553B is shown in Figure 1.

Transmit Last Command

Allows the State Sequencer to bypass a memory read
cycle to external memory and transmit the Last Command
from the TRLC register following the Status Word trans-
mission.

Broadcast

When the address field of the Command Word is all ones
(11111}, the State Sequencer is informed that a Bus Con-
troller or a Remote Terminal is transmitting a Broadcast
Command.

Word Count Zero

Input from the 5-bit counter and count decode logic
informing the State Sequencer that all Data Word memory
cycles are complete.

Sync.Input

Indicates the type of sync word just strobed into the
receive register.

Address Compare
When programmed as a Remote Terminal, the

- COM1553B compares the contents of the address register

with the address field of the received Command Word. If
the addresses compare, the State Sequencer will respond
to the received command.

Any Error

This input to the State Sequencer indicates that one of
the seven possible errors have been set in the error register
at the end of a message (Refer to Error register).

Contiguous Word

Set if there is a transition 2 ps. after the parity transition
of the last word, this signifies that a contiguous word foi-
lows the word presently in the receive register (Refer to
figure 5).

READ/WRITE (R/W)—d

WRITE ENABLE (WE)-{

DATA TRANSFER REQUEST (OTR) ——————— | o ynTiL BGACK RECOGNIZED |

DTACK

MEMORY STROBE (MS) -_—
OMMAND STROBE

1 SOME DELAY OF MS INDICATES DATA VALID

—

COMMAND STROBE (CSTR) __.I HOLD CSTR UNTIL CSTAA

HOLD DATA UNTIL LATCHED I

<
ACKNOWLEDGE (CSTRA) __1__-——1

HOLD BUS UNTIL DMA COMPLETE

A

DATA & CONTROLBITSCBZ2, CBI.CBO >

LOW UNTIL BITS LATCHED INTERNALLY ]

FIGURE 1:
BUS CONTROLLER TIMING SEQUENCE
Loading the Command Control Code Bits into the COM1553B prior to
transmitting a Command or initiating a Diagnostic Sequence.




Error Detection Logic
The error detection logic of the COM1553B detects the
following errors:

Improper Sync
One or more words have been received with incorrect
sync polarity (For example a Status Word with Data Sync).

Invalid Manchester Il Code
One or more words have been received with a missing
transition during the 17 ps. data and parity bit time.

Information Field Greater Than 16 Bits
The decoder has detected a transition within one bit time
(1 ws.) following the parity bit in one or more words.

0Odd Parity Error
One or more words have been received with a parity error.

Improper Word Count

An improper word count error occurs when the number
of Data Words received is not equal to the number of words
indicated in the word count field of the Command Word. In
the case of a Mode Code without data, no Data Words
should follow the Mode command. Mode Codes with data
should consist of only one Data Word. If the contents of the
word counter are not zero, and there is no contiguous Data
Word, then the receive message is considered incomplete
(e.g., fewer words were received than indicated by the word
count in the Command word). If the contents of the word
counter are zero and there is a transition detected 2 ps. after
the parity transition of the last Data Word, then this also will
cause animproper word count. In either case, the Message
Error bit of the Status Word is set and not transmitted and
the invalid message (IM) output pin pulsed at the sametime
as the message complete (MC) signal output.

Response Time
The amount of time between the end of transmission of
a Command or Data Word and the Status Word reply by a

Remote Terminal should be less than 14 ws. Ifthe response
is greater than 14 ps. the response error bit is set in the
error register.

Address Mismatch

An address mismatch occurs when a Bus Controller
detects a mismatch between the address of the Status Word
reply from a Remote Terminal and the Remote Terminal
address of the Command.

Internal Register Description

Remote Terminal Address And Status Code Register

This register is loaded when the processor issues a load
Remote Terminal Address (RTA) command. The word that
is loaded in this register consists of 9 bits of status infor-
mation (DO-D8) and the 5-bit address (D11-D15). The
Remote Terminal Address may be checked any.time by
reading out the Error register. The RTA and Status Code
register must be loaded before the COM1553B may respond
as a Remote Terminal.

Table 1 defines the data bus bits which correspond to the
Remote Terminal Address and Status Code register and
Status Word that transmitted. Bits DO, D2, D3 and D8 are
double buffered to allow the RT to retain this information
after the Status Code register is updated. For all legal com-
mands, other than Transmit Last Status and Transmit Last
Command Mode command, the Status Word register is
updated with these four bits, Any Error and the Broadcast
flag. The Dynamic Bus Control and Terminal Flag bits are
modified by the appropriate Mode Code commands
whereas, the Broadcast Flag and Any Error bits are set by
the COM1553B internal logic. The Reserved Bits and the
RT address bits are transferred directly into the Status Word
register during the RTA and Status Code command.

Bits DO, D2, D3, and D5-D9 are cleared after transmis-
sion for all commands except Transmit Last Status and
Transmit Last Command Mode Code.

TABLE A:
COMMAND CONTROL CODE BIT DEFINITION
CONTROL
BITS
DATA BITS CB2-CB0
RT/BC | D,s|Dys | Dys | D1z [ Dy [Dio [ D | Ds [ D, [ De [ Ds [ Da [ Ds | D, [ D, | Dy | FUNCTION
READ DATA
XXXXXXXXXXXXXX11XREG|STER
LO/éD RT ADDRESS
REGISTER AND
XXXXXXXXXXXXXX1OXSTATUSCODE
REGISTER
X [ X[ XXX X[ X|{X|X|XIX|X|X|X|0!| 0|0 |READLASTCMD
READ ERRORN/;\INRL
REMOTE TER
XXXXXXXXXXXXXX001ADDRESS
REGISTERS
| BUS CONTROLLER
0XXXXXXX‘XXXXXXO1OTRANSM|SS|ON
: BUS CONTROLLER
0XXXXXXXXXXXXXO11RTTORTTRANSFER

X—DON'T CARE
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TABLE 1

RTA and Status Internal Logic Status Word
Data Bus Bit Code Reg. Bits Signals Transmitted
D15 (MSB) RTA Bit 4 (MSB) — RTA Bit 4 (MSB)
D14 RTABIt3 — RTABIt3
D13 RTABIt2 — RTABit2
Di2 RTABIt 1 — RTABIit 1
D11 RTABIt0 (LSB) — RTABit0 (LSB)
D10 Not used Any Error Message Error
D9 Instrumentation Bit — Instrumentation
D8 Service Request Bit —_ Service Request
D7 Reserved — Reserved
D6 Reserved — Reserved
D5 Reserved — Reserved
D4 Not Used Broadcast Flag Broadcast Flag
D3 Busy — Busy
D2 Subsystem Flag Bit — Subsystem Flag
D1 Dynamic Bus Control Dynamic Bus Mode Code Dynamic Bus Control Bit
Acceptance Enable Bit command
(See Note)
DO (LSB) Terminal Flag Enable Inhibit Terminal Flag (set) Terminal Flag
Bit (See Note) or g
Override Terminal
Flag (reset)
Mode Code command

Note: When the Dynamic Bus Control Acceptance Enable bit is set, the RT will accept a Dynamic Bus Mode code
request. If this bit is reset the RT will reject a Dynamic Bus Mode Code command request. The Terminal Flag
Bit (if enabled) is only set high if no Inhibit Terminal Mode Code command has been received, or if an Override

Inhibit Terminal bit command is received.

Last Command Word Register

The last valid Command Word received by a Remote
Terminal is stored in an internal 16 bit Last Command Reg-
ister, This makes it readily available for transmission onto
the data bus whenever the Remote Terminal receives a
Mode Command to transmit the last Command Word. The
Last Command Register contents are automatically writ-
ten into external memory following a receive or a transmit
message.

As a bus controller (BC), the Last Command Register is
used to hold the command transmitted before the present
command. In RT-RT transfers this register of the BC holds
the receive command while the transmit command is being
transmitted.

The processor has the option of reading the Last Com-
mand Register of either a bus controller or remote terminal,
by issuing a Read Last Command Register command code.

Error Register And RTA Register
(Error Register)

A7-biterror register is provided in the COM1553B to hold
any errcrs associated with the previous message. If one
or more of the 7 error types exists, the COM1553B asserts
the Invalid Message output pin (IM) at the same time that
Message Complete (MC) is asserted, cueing either a Re-
mote Terminal or a Bus Controller that an error occurred in
the previous message. If desired, the processor may read
out the 16-bit error word by issuing a read error register
command code. When operating as a Remote Terminal, the
COM1553B will write the Receive register, Error register and

48

Last Command register automatically into external memory
at the end of each command message because these reg-
isters may change before the processor has determined
the necessity of reading them. The Error register may be
read anytime during a message except during message
transfers.

TABLE 2
The 16-bit error word is defined as follows:
DATA BUS ERROR BIT
LINE DEFINITION
D15 RT Address Bit 4
D14 RT Address Bit 3
D13 RT Address Bit 2
D12 RT Address Bit 1
D11 RT Address Bit 0
D10 Unused
D9 Improper Sync
D8 Address Mismatch Error
D7 Improper Word Count
D6 Response Time Error
05 information Fieid > 6 Bits
D4 Unused
D3 Invalid Manchester i
D2 Parity Error
D1 Unused
DO Unused

*Unused bits are set high.




Mode Detection Logic

Both receive and transmit Command Words for a Remote
Terminal and Bus Controller are decoded by the Mode
Detection Logic. The Mode Detection Logic examines the
following Command Word field to establish the correct
operating mode for the COM1553B (Refer to TABLE B).

Subaddress/Mode Code Field (D5-D9)
and Data Word Count/Mode Code (D0-D4)

This field Determines if the command is a normal com-
mand or a Mode command. A subaddress field of 00000 or
11111 implies a Mode command. All other codes are inter-
preted as a subaddress. Once a Mode Command is
detected the most significant bit of the Data Word Count/
Mode Code field is decoded. A most significant bit of “zero”
implies no associated data with the Code Command. A
“one” in this position implies that a Data Word will follow.

The COM1553B recognizes five Mode Code commands
(Refer to TABLE B). Transmit Last Command or Transmit
Last Status word Mode Code commands, when received
by the COM1553B, will automatically transfer the contents
of the Transmit Last Command or Transmit Last Status reg-
ister onto the 1553B serial bus.

The Override/Inhibit Terminal Flag and Dynamic Bus
Control Mode Code commands, when received by the
COM1553B, may change the state of the Terminal Flagand
Dynamic Bus Contro! bits of the Status Word register. The
Inhibit Terminal Flag Bit Mode Code command resets the
Terminal Flag bit. '

The Override Inhibit Terminal Flag Mode Code com-
mand enables the Terminal Flag bit if it was previously dis-

abled. Finally, Dynamic Bus Control Mode Code command

sets the Dynamic Bus Control bit in the Status Word if the
Dynamic Bus Control Enable bit is high. If the enable bit is

_ low, the Dynamic Bus Control bit in the Status Word remains

low when a Dynamic Bus Control Mode Code command is
received.

Broadcast Mode Code _

Broadcast Mode Code Commands are acknowledged if
the T/R bit is low. If the T/R bit is high all Broadcast Mode
Code commands without associated Data words are
acknowledged except Dynamic Bus Control and Transmit
Last Status Word.

lllegal Broadcast Commands are not acknowledged; the
IM output pin is, however, pulsed low.

TABLE B
MODE CODE DEFINITION
DETECT DETECTED SPECIAL
FUNCTION CONDITION BY - CONDITIONS COMMENTS
Broadcast Alionesin RT Broadcast Status word is Address compare
address field of | Decode Logic written into Memory must recognize all
CMD WD but not transmitted ones as Broadcast
Mode Codes Ali zeros or Mode Code MSB of Word Count Word Count
ones in sub- Decode Logic 0 = No data Word is Decoded
address field 1 = With Data Word as mode code
of CMD WD
(1) Dynamic ' Word Count Dynamic Bus Accept
Bus Field = 00000 Bit of Status word
Control enabled for
transmission
(2) Transmit Word Count Status Word remains
Last Field = 00010 unchanged
Status
Word
(3) Inhibit Word Count Terminal Flag Bit of
Terminal Field = 00110 Status word inhibited
Flag Bit until overriden
(4) Override Word Count Removes Inhibit from
Inhibit Field = 00111 Terminal Flag Bit of
Terminal Status Word
Flag Bit
(5) Transmit Word Count Status Word ‘
Last - Field = 10010 Transmitted followed

Command

by Last Command
Register. Status Word
remains unchanged.

49

=
o
=
(5]
w
w




OPERATION

When operating as either a Bus Controller or Remote
Terminal, the COM1553B decodes the Command Word and
determines the type of message transfer. Having deter-
mined the type of message transfer, the COM1553B
generates the proper control and timing signals to com-
plete the transfer (referto Figure 2). The types of messages
are listed below:

1) Bus Controlier to Remote Terminal
2) Remote Terminal to Bus Controller

3) Remote Terminal to Remote Terminal

4) Mode Code without Data Word

5) Mode Code with Data Word (transmit)

6) Mode Code with Data Word (receive)

7) Broadcast Bus Controller to Remote Terminal
8) Broadcast Remote Terminaltc Remcte Terminal
9) Broadcast Mode Code without data

10) Broadcast Mode Code with data

Bus Controlier Transaction (RT/BC of the COM1553B set low)

The following section describes each 1553B information
transfer format from the Bus Controller viewpoint. A table
showing external memory operation is also provided for
each message format.

Note that all MIL-STD-1553B serial bus activity is initi-
ated by the Bus Controller.

Bus Controller-to-Remote Terminal Transfer (BC to RT)
This message format covers transactions where the Bus
Controller transmits a receive Command and Data Words
to a Remote Terminal. Initializing the COM1553B is accom-
plished by the processor loading an external memory
address counter with the starting address of the COM1553B

memory control block (address where the Command Con- -

trol Code CB2-CBO resides). The Bus Controller processor
next issues a Command Strobe (CSTR) and holds it
low until the COM1553B issues a Command Strobe Ack-
nowledge (CSTRA). The COM1553B then responds with a
Data Transfer Request (DTR) which initiates a normal
memory cycle.

Refer to figure 1 for timing associated with loading the
Command Control Codes (CB2-CBO) into the COM1553B

prior to transmitting the Command Word.

The first memory cycle loads the Command Control Code
bits CB2-CBO0 from external memory into the COM1553B
functioning as Bus Controller (BC). The BC decodes this
command to determine the type of memory transaction to
perform (refer to TABLE A). The next read cycle loads the
Command Word into the BC command register and then
transmits it onto the 1553B bus. This Command Word, while

- inthe command register, determines the BC mode of oper-
ation. The BC then completes this BC to RT transaction by
issuing a predetermined number of read cycles (deter-
mined by the value in the word count field of the Command
Word) and transmitting the data onto the 1553B bus. After
transmission of the last Data word, the BC initializes its
response timer, expecting a Status Word from the remote
terminal within 14 ps.

Atfter the reception of the Status Word, the BC initiates a
memory write cycle which writes the Status Word into the
external memory. If the BC doesn’t receive the Status Word
within the allowed response time the message error bit
is set.

TR LOW UNTIL
" [ [B5ack | I
LOW UNTIL
cD R SOON AFTER
LOW UNTIL DTACK DTACK
RW —l S I-———-—I I
LOW UNTIL DTACK
BGACK Jr— o LOW UNTIL
CAUSES DTR HIGH LOW UNTIL WE HIGH WE HIGH
o LOW UNTIL
WE SCCN AFTER
I I DTACK
LOW UNTIL LOW UNTIL
DTACK | I I D H|GHI l C'D HIGH I
DATA BUS /COMMAND\, J DATA \ / DATA
\ WORD , \ WORD f WORD
COMMAND WRITE DATA WRITE DATA READ
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TABLE 3
BC to RT (The BC transmits a receive
command to the RT)

COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2, READ*

2 RECEIVE READ

COMMAND

3 DATA READ

. DATA READ

. DATA READ

32 DATA READ

*%
33 STATUS WRITE
*reads command control code bits CB2-CBO
** response time

X = don’tcare

Remote Terminal Transfer to Bus Controller

This message format covers transactions where the Bus
Controller sends a transmit command to a Remote Terminal
and requests data from it. Initialization of the BC for normal
memory cycles is the same as the previous transfer. The
difference between this transfer and the previous transfer
is that after the Command Word is transmitted, the BC waits
14 ps for the Status Word and the requested number of Data
Words. The Status and Data Words are written into external
memory via write cycles as they are received by the BC.

TABLE 4

TABLE 5

RTtoRT
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX3y READ*
2 RECEIVE READ
COMMAND
3 TRANSMIT READ
-| COMMAND
4 STATUS WRITE
(transmitting
RT
5 DATA WRITE
. DATA WRITE
. DATA WRITE
36 WRITE
*%
37 STATUS WRITE
| (receiving RT)

*reads command control code bits CB2-CB0O
**response time
X = don’t care

Mode Code Command without Data

The Bus Controller transmits a specific Mode Command
and expects a Status Word back from the addressed
Remote Terminal.

BC to RT (The BC transmits a Transmit
Command to an RT)

TABLE 6
COM1553B

MEMORY MEMORY MEMORY
ADDRESS | CONTENTS | OPERATION

1 XXX2, READ*

2 COMMAND READ

*%
3 STATUS WRITE

*reads command controi code bits CB2-CB0

response time
X = don’t care

Mode Command with Data
(BC receives a single word)

In this mode the Bus Controller issues a transmit Mode
Command to-an RT. The addressed Terminal responds to
the Bus Controller with a Status Word and a single Data

COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2, READ*

2 TRANSMIT READ

COMMAND
* %

3 STATUS WRITE

4 DATA WRITE

. DATA WRITE

. DATA WRITE

36 DATA WRITE

*reads command control code bits CB2-CB0
response time

X = don'tcare

RT-to-RT Transfer

In this message format, the Bus Controller first issues a
receive Command Word to the receiving Remote Terminal,
followed by a transmit Command Word to the transmitting
terminal. Next, the transmitting RT responds with a Status
Word and the requested number of Data Words to both the
receiving RT and BC. The receiving RT at the end of the
message sends a Status Word to the BC. As Status and
Data Words are received by the BC they are written into
external memory.

Word.

TABLE 7
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX2y READ*
2 COMMAND READ
%k :
3 STATUS WRITE
4 DATA WRITE

*reads command control code bits CB2-CB0O

*response time
X = don’tcare
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Mode Command with Data
(BC transmits a single word)

The Bus Controller issues a receive Mode Command and
one Data Word to a Remote Terminal. A Status Word is

returned by the Remote Terminal to the Bus Controller.

RT to RT Transfer (Broadcast)

This transfer is similar to the normal RT to RT transfer
with the exception that the Status Word is not returned by
the receiving RT.

TABLE 8 TABLE 10
COM1553B COM1553B
MEMORY MEMORY MEMORY MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION ADDRESS CONTENTS OPERATION
1 XXX2,4 READ* 1 XXX3, READ*
2 COMMAND READ 2 RECEIVE READ
3 DATA READ COMMAND
*% 3 TRANSMIT READ
4 STATUS WRITE COMMAND
*%
*reads command control code bits CB2-CBO 4 STATUS WRITE
** response time 5 DATA WRITE
X = don'tcare . DATA WRITE
. . DATA WRITE
Bus Controller (Broadcast) to Remote Terminal Transfer 36 DATA WRITE
In this mode the Bus Controller issues a Broadcast Com-

mand followed by a number of Data Words. In all Broadcast
Command transfers a BC will not expectto receive a Status
Word back.

TABLE 9
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX2,, READ*
2 RECEIVE READ
COMMAND
3 DATA READ
. DATA READ
. DATA READ
34 DATA READ
*reads command control code bits CB2-CBO
** response time

X = don'tcare

*

*reads command control code bits CB2-CB0
*response time
X = don'tcare

Remote Terminal Transaction (RT/BC input of the COM1553B set high)

The following section addresses each COM1553B
informaticn transfer format from the Remote Terminal
viewpoint.

Bus Controller to Remote Terminal Transfer
{BC to RT, where RT receives data)

In this transfer the COM1553B designated as the RT
receives a command to receive data. As the Command
Word is completely shifted into the receive shift register, the
RT compares the Command Word address field with the
preioaded Remote Terminai address. This determines if the
message is addressed to the receiving RT. Ifthe Command
Word is valid, the RT issues a Data Transfer Request (DTR)
toinitiate a memory cycle. Once the processor relinquishes
control of the data bus, during the Bus Acknowledge
(BGACK) time, the Command Word is placed on the data
bus.
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The Subaddress field is thereafter decoded by external
logic and the Command word is written into external
memory. The RT then receives a predetermined number of
Data Words (specified by the word count field). As each Data
Word is received it is written into external memory. Afterthe
reception of the last Data Word the RT transmits the Status
Word, the Message Error, Broadcast Flag, Terminal Flag,
Subsystem Flag, Busy, and Service Request bits are
updated for all commands except for the Transmit Status

o N Vel A
Word and Transmit Last Command Code commands. While

transmitting the Status, the RT writes it into memory. The
RT also writes the Last Command Register, Error Register
and Receive Register into memory and then asserts Mes-
sage complete.

Note that the receive register of the RT will contain the
transmitted Status Word.



TABLE 11
BC TO RT (RT receives a data from BC)

COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
3 DATA WRITE
. . WRITE
. . WRITE
32 DATA WRITE
*%
33 STATUS - . WRITE
34 LAST . WRITE
COMMAND
35 ERROR WRITE
REGISTER
36 RECEIVE WRITE
REGISTER

Remote Terminal-to-Bus Controller Transfer
(RT transmits data to BC)

The Remote Terminal receives a Transmit Command
Word from the Bus Controller. The RT will then proceed to
decode the Command Word, as in the previous case and
within the response time transmits the Status Word.

While the Status Word is being transmitted the RT issues
awrite memory cycle to write the Status Word into external
memory. Thereafter, the Data words are read from memory
and transmitted. After the last word is transmitted the RT
writes the contents of the Last Command Register, Error
Register and the Receive Register into memory.

transfers. The only exception is that the receiving terminal
waits for the first Data Word from the transmitting terminal.
This satisfies the protocol requirement that the transmitting
terminal first send its status to the controller before it trans-
mits the data to the receiving terminal.

Mode Command with Data
(RT receives a Mode Code Command to transmit)

In this transfer, after the Transmit Mode Command is
received, the RT transmits the Status and one Data Word.

TABLE 13
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
%%
2 STATUS WRITE
3 DATA READ*
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER
6 RECEIVE WRITE
REGISTER

*For a Transmit Last command Mode Code, Data is not
read from memory but transmitted from the internal Last
Command register.

** response time

Mode Code Command with Data
(RT receives a Mode Command to receive)

This transfer is similar to a Receive Command having only
one Data Word.

TABLE 12
Remote Terminal to Bus Controller
(RT Transmits Data to BC)
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
*%
2 STATUS WRITE
3 DATA READ
. DATA READ
. DATA READ
32 DATA READ
33 LAST WRITE
COMMAND
34 ERROR WRITE
REGISTER
35 RECEIVE WRITE
REGISTER
** response time

Remote Terminal-to-Remote Terminal Transfers

TABLE 14
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
*%
3 STATUS WRITE
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER
6 RECEIVE WRITE
REGISTER
** response time

Bus Controller Broadcast Transfer to RT
The RT receives a Broadcast Command to receive data.

From the Remote Terminal viewpoint, RT-to-RT trans-
fers are similar to the RT to BC receive or transmit data

If data received during a broadcast message is invalid, the
COM1553B will set the message error bit.
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TABLE 15

RT RECEIVE
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
. DATA WRITE
. DATA WRITE
32 DATA WRITE
33 STATUS WRITE*
34 LAST WRITE
COMMAND
35 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for the
Status Word but the RT does not transmit it on the 1553B

bus.

Broadcast Mode Code Command with Data

This Broadcast Mode Code command is detected if the

MSB of the word count field is a logical high.

Transmission of the Status Word is suppressed as inthe

previous case but is loaded into external memory.

TABLE 16
RT RECEIVE
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
3 STATUS WRITE*
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for
the Status Word but the RT does not transmit it on the

1553B bus.
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Broadcast Mode Code Command Without Data

This Mode Code command is detected if the MSB of
the word count field is zero. This transaction is the same as
the previous transfer except that there is no Data Word

transfer.

TABLE 17
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 STATUS WRITE*
3 LAST WRITE
COMMAND
4 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for
the Status Word but the RT does not transmit it on the
1553B bus.

Broadcast RT to RT Transfer

For this message transfer a Broadcast Command
to receive is issued by the Bus Controller. This is followed
by a normal Transmit Command to the transmitting Re-
mote Terminal. The Remote Terminal responds with a nor-
mal transmit message format of Status Word and Data
Word(s). The receiving terminals do not transmit a Status
Word after receiving the data. However, they do go through
a memory cycle to load the Status Word into their respec-
tive memories.

For the Remote Terminal receive transfer refer to Table
15. The only difference in this transfer is that there is a gap
time between the Command and Data word.

For the Remote Terminal transmit transfer refer to Table
12. The only difference in this transfer is that the Receive
Register is not written into memory.



MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ...............ooiiiiiiiiiii e ettt e e eaas —-55t0 +125°C
Storage Temperature RANGE ...... ..ottt et et -55t0 +150°C
Lead Temperature (soldering, 10S@CONAS) .. . . ... vttt ettt e +325°C
Positive VOIEge 0N @NY PIN . .. ..ooiii ettt ettt e ettt +15V
Negative Voltage on any pin except VBB, with respecttoground ......... ... i i -3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC outpuit. If this possibility exists, it is
suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS T, = —551t0125°C, Ve = 5.0V +5%, Vpp = 12V +5%, Vg = —5V +5%

PARAMETER MIN TYP MAX UNITS COMMENTS
V.  Input Low Voltage -0.3 0.8 \
Vi Input High Voltage 3 Ve \
Voo Output Low Voltage 04 \ lo. = —8.2mA
Vou  Output High Voitage 24 4 5 v low = .8 MA
I Input Leakage Current 10 pA
Cwn  Input Capacitance 10 25 pf
C,  Output Capacitance 10 15 pf
C. Load Capacitance 100 150 pf
P, Power Dissipation 0.8 w T, = 25°C

AC ELECTRICAL CHARACTERISTICS

PARAMETER MIN TYP MAX UNITS COMMENTS
clk  clock frequency 12 MHz 50% duty cycle
t. Cik, rise time 6 ns
t Clk, fall time 6 ns
1, DTRand WE 0.5 0.6 1 us
t, BGACKto DTR 0.8 1.3 2 us
ts WE to DATA 100 ns
i DTACK to WE_ 1.5 2 ws
ts DTACK to R/'W 1 1.5 s
t DTACK to C/D 1.5 2.5 ws
t; CSTR to CSTRA 673 ws us
ts CSTRAto CSTR 1.5 ns
t,  CSTRAwidth 500 ns
t,,  C/Dto DATA 0
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AC CHARACTERISTICS
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STANDARD MICROSYSTEMS
CORPORATION

35 Marcus Bivd., Hai V. 11768
898

(516) 273-3100 » TWX-510-227-

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any ficense under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possibile.
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STANDARD MICROSYSTEMS

CORPORATON
_—

COM1671

JLPC FAMILY

Asynchronous/Synchronous Transmitter-Receiver
ASTRO

FEATURES
O SYNCHRONOUS AND
ASYNCHRONOUS
Full Duplex Operations
O SYNCHRONOUS MODE
Selectable 5-8 Bit Characters ,
Two Successive SYN Characters Sets
Synchronization
Programmable SYN and DLE Character
Stripping
Programmable SYN and DLE-SYN Fill
O ASYNCHRONOUS MODE
Selectable 5-8 Bit Characters
Line Break Detection and Generation
1-, 1V2-, or 2-Stop Bit Selection
Start Bit Verification
Automatic Serial Echo Mode
O BAUD RATE—DC TO 1M BAUD
O 8 SELECTABLE CLOCK RATES
Accepts 1X Clock and Up To 4 Different
32X Baud Rate Clock Inputs
Up to 47% Distortion Allowance With 32X
Clock
O SYSTEM COMPATIBILITY
Double Buffering of Data
8-Bit Bi-Directional Bus For Data, Status,
and Control Words
All Inputs and Outputs TTL Compatible
Up To 32 ASTROS Can Be Addressed
OnBus
On-Line Diagnostic Capability
O ERROR DETECTION
Parity, Overrun and Frammg

O
O

a

PIN CONFIGURATION
ves(] 1 ~ 40 i1 Voo
{ACKIf 2 39D RE
csg 3 38 i CA (RTS)
WEQ 4 37 pi BA (TS0)
ACKO(] 5 36 p CB (TS
RPLY[ 6 35 p DB (1X70)
INTRQ 7 34 [1 DD (iXRC)
DALA( 8 331 R4
. DAY 9 3201 R3
DALZ(] 10 31 p R2
BAL3g 11 30p A1
DALag 12 29 h CF (CARR)
DALSQ 13 28 p CC (OSR)
DALSQ 14 27 ) BB (RSl
DAL7q 15 26 p D3
(OTR) €D 16 25 ) D3
ib7d 17 24 h 105
(AING) CEd 18 231 MR
Miscd 19 22 ) iD6
(Vss) GND[] 20 219 Vee

COPLAMOS® n-Channel Silicon
Gate Technology

Pin for Pin replacement for
Western Digital UC1671 and
National INS 1671

Baud Rate Clocks Generated by
COM5036 @ 1X and
COM5016-6 @ 32X

APPLICATIONS

Synchronous Communications
Asynchronous Communications
Serial/Parallet Communications

General Description

The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these

machines are accomplished over the bus lines.

The ASTRO contains several “handshaking” signals to insure easy interfacing with modems or other peripheral devices
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature
which allows the device to be internally connected for processor testing.

The COM1671 provides the system communication designer with a software responsive device capable of handling
complex communication formats in a variety of system applications.
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Organization

Data Access Lines — The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status
transfers occur. In addition to transferring data and control words the DAL bus also transfers information
related to addressing of the device, reading and writing requests, and interrupting information.

Receiver Buffer — This 8-bit parallel register presents assembled received characters to the DAL bus when
requested through a Read operation.

Receiver Register — This 8-bit shift register inputs the received data at a clock rate determined by Control
Register 2. The incoming data is assembled to the selected character length and then transferred to the
Receiver Buffer with logic zeroes filling out any unused high-order bit positions.

Syn Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the synchronization
code used for receiver character synchronization. It serves as a fill character when no new data is available

in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded
with logic zeroes in all unused high-order bits.

Comparator — The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of
the Receiver Register and the SYN register or the DLE register. A match between the registers sets up

stripping of the received character, when programmed, by preventing the data from being loaded into the
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables
character synchronization of the Receiver on two successive matches with the SYN register.

DLE Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the DLE character
used in the Transparent mode of operation in which an idle transmit period is filled with the combination
DLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to
force a single DLE character prior to any data character transmission while in the transmitter transparent mode.

Status Register — This 8-bit register holds information on communication errors, interface data register status,
match character conditions, and communication equipment status. This register may be read onto the DAL bus
by a Read operation.

Control Registers — There are two 8-bit Control Registers which hold device programming signals such as mode
selection, clock selection, interface signal control, and data format. Each of the Control Registers can be

loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are
cleared by a Master Reset.

Transmitter Buffer — This 8-bit parallel register holds data transferred from the DAL bus by a Write operation.
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter
Register is ready to send new data.

Transmitter Register — This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE
register. The purpose of this register is to serialize data and present it to the serial data output.
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Astro Operation

Asynchronous Mode

Framing of asynchronous characters is provided by a Start bit (logic 0) at the beginning of a character
and a Stop bit(s) (logic 1) at the end of a character. Reception of a character is initiated on recognition
of the first Start bit by a positive transition of the receiver clock, after a preceding Stop bit(s). The Start
and Stop bits are stripped off while assembling the serial input into a parallel character.

The character assembly is completed by the reception of the Stop bit(s) after reception of the last
character bit (including the parity bit, if selected). If the Stop bit(s) is a logic 1, the character is
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start
bit of the next character. Character assembly continues from this point if the input is still a logic 0 when
sampled at the theoretical center of the assumed Start bit. As long as the Receiver input is spacing, all
zero characters are assembled and error flags and data received interrupts.are generated so that line
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver
circuit to a Ready state for assembly of the next character.

In the Asynchronous mode the character transmission occurs when information contained in the
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the
insertion of a 1, 1.5, or 2 bit length Stop condition. |f the Transmitter Buffer is full, the next character
transmission starts after the transmission of the Stop bit(s) of the present character in the Transmitter
Register. Otherwise, the Mark (logic 1) condition is continually transmitted until the Transmitter
Buffer is loaded.

Synchronous Mode

Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted

at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous
characters matching the bit pattern contained in the SYN register. During the time the Receiver is
searching, data is not transferred to the Receiver Buffer, status bits are not updated, and the Receiver
interrupt is not activated. After the detection of the first SYN character, the Receiver assembles
subsequent bits into characters whose length is determined by the contents of Control Register 2. If,
after the first SYN character detection, a second SYN character is present, the Receiver enters the
Synchronization mode until the Receiver Enable Bit is turned off. If a second successive SYN character
is not found, the Receiver reverts back to the Search mode.

In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed
transmission of a character, this idle time will be filled by a transmission of the character contained in
the SYN register in the Non-transparent mode, or the characters contained in the DLE and SYN registers
respectively while in the Transparent mode of operation. )
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Astro Operation
Receiver

The Receiver Data input is clocked into the Receiver Register by a 1X Receiver Clock from a modem
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock-inputs.
When using the 1X clock, the Receiver Data is sampled on the positive transition of the clock in both
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchroncus mode, the
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and
defines, through clock counts, the center of each received Data bit with + 0%, —3% at the positive
transition 16 clock periods later.

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental
correction of the Sampling Check by 1/32nd of a bit period. The Sampling clock can be immediately
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one,
while the Receiver is disabled.

When the complete character has been shifted into the Receiver Register it is transferred to the
Receiver Buffer; the unused, higher order bits are filled with logic zero’s. At this time the Receiver
Status bits (Framing Error/Sync Detect, Parity Error/DLE Detect, Overrun Error, and Data Received)
are updated in the Status Register and the Data Received interrupt is activated. Parity Error is set, if
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Error is
set if the Data Received status bit is not cleared through a Read operation by an external device when
a new character is transferred to the Receiver Buffer. This error flag indicates that a character has
been lost; new data is lost while the old data and its status flags are saved.

The characters assembled in the Receiver Register that match the content of the SYN or the
DLE register are not loaded into the Receiver Buffer, and the DR interrupt is not generated, if Bit 3 of
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR14) are set respectively, and SYN Detect and
DLE Detect are set with the next non SYN or non DLE character. When both CR23 and CR14 are set
(Transparent mode), the DLE-SYN combination is stripped. The SYN comparison occurs only with the
character received after the DLE character. If two successive DLE characters are received only the
first DLE character is stripped. No parity check is made while in this mode.

Transmitter

Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded
into this register at any time, even when the Transmitter is not enabled. Transmission of data occurs
only when the Request to Send bit is set to a logic 1 in Control Register 1 and the Clear To Send input is
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register
when the latter has completed transmission of a character. However, information in the DLE register
may be transferred prior to the information contained in the Transmitter Buffer if the Force DLE signal
condition is enabled (Bits 5 and 6 of Control Register 1 set to a logic 1). The control bit CR15 must be
set prior to loading of a new character in the Transmitter Buffer to insure forcing the DLE character
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop
which delays the output by one clock period. When using the 1X clock generated by the Modem Data
Set, the output data changes state on the negative clock transition and the delay is one bit period.
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and
divides the clock down to the baud rate. This clock is phased to the Transmitter Buffer Empty Flag
such that transmission of characters occurs within two clock times of the loading of the Transmitter
Buffer, when the Transmitter Register is empty.

When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready for a new
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be
presented in the Synchronous Non-transpareni mode (CR18 =0). in ihe Syncironous Transmit
Transparent mode (CR16 = 1), the idle state will be filled by DLE-SYN character transmission in that
order. When entering the Transparent mode DLE must precede the contents of the Transmitter Buffer.
This is accomplished by setting of Bit 5 of Control Register 1.

If the transmitter section is disabled by a reset of the Request to Send, any partially transmitted
character is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear
To Send goes high the transmitted data output will go high.

When the Transmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot
be enabled in the Synchronous Transparency mode.
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Input/Output Operations

All Data, Control, and Status words are transferred over the Data Access Lines (DAL 0-7). Additional input
lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other
lines provide interrupt capability to indicate to a Controller that an input operation is requested by the ASTRO.
All input/output terminology below is referenced to the Controller so that a Read or input takes data from the
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus into the ASTRO.

A Read or Write operation is initiated by the placement of an eight-bit address on the DAL bus by the
Controller. When the Chip Select signal goes to a logic 0 state, the ASTRO compares Bits 7-3 of the DAL bus
with its hard-wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO
then sets its RPLY line low to acknowledge its readiness to transfer data. Bit 0 must be a logic O in Read or
Write operation. A setup time must exist between CS and the RE or WE signals to allow chip selection prior to
read/write operations.

Read
Bits 2-0 of the address are used to select ASTRO registers to read from as follows:
Bits 2-0 Selected Register
000 Control Register 1
010 ) Control Register 2
100 Status Register
110 Receiver Buffer

When the Read Enable (RE) line is set to a logic 0 condition by the Controller the ASTRO gates the contents

of the addressed register onto the DAL bus. The Read operation terminates, and the device becomes unselected,

when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears
the Data Received Status bit. The data is removed-from the DAL bus when the RE signal returns to the logic
high state.

Write
Bits 2-0 of the address are used to select ASTRO registers to be written into as follows:

Bits2-0 - Selected Register

000 Control Register 1
010 Control Register 2
100 SYN and DLE Register
110 Transmitter Buffer

When the Write Enable (WE) line is set to a logic 0 condition by the Controller the ASTRO gates the data
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit
is cleared to a logic zero.

The 100 address loads both the SYN and DLE registers. After writing into the SYN register the device is
conditioned to write into the DLE if followed by another Write pulse with the 100 address. Any intervening
Read or Write operation with other addresses or other ASTROs resets this condition such that the next 100 will
address the SYN register.

. Interrupts

The following conditions generate interrupts:
Data Received (DR)

Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled.

Transmitter Buffer Empty (TBMT)

Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred
to the Transmitter Register makmg the Transmntter Buffer empty.

Carrier On
Indicates Carrier Detector input goes low and the Data Terminal Ready (DTR) bit (CR10) is high.

Carrier Off
Indicates Carrier Detector input goes high and the Data Terminal Ready (DTR) bit (CR10) is high.

Data Set Ready On
Indicates the Data SetReady input goes low and the Data Terminal Ready (DTR) bit (CR10) is high.

Data Set Ready Off
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high.

Ring On
Indicates the Ring Indicator input goes low and the Data Terminal Ready (DTR) bit (CR10) is low.

Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following
interrupt procedure is then carried out even if the interrupt condition is removed.

The Controller acknowledges the Interrupt request by setting the Chip Select (CS) and the interrupt
Acknowledge Input (IACKI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving
the [ACKI signal set their Interrupt Acknowledge Output (IACKO) low, enabling lower priority daisy-chained
devices to respond to the interrupt request. The highest priority device that is interrupting will then set its RPLY
line low. This device will place its ID code on Bit Positions 7-3 of the DAL bus when a low RE signal is received.
The data is removed from the DAL bus when the Read Enable (RE) signal returns to the logic one state. To reset
the Interrupt condition (INTR) Chip Select (CS) and IACKI must be received by the ASTRO.
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Description of Pin Functions

Pin No. Symbol Pin Name 170 Function
1 Ve POWER SUPPLY PS — 5Volis

21 Vee POWER SUPPLY PS + 5Volts

40 Vo POWER SUPPLY PS + 12Volts

20 Vss GROUND GND Ground

23 MR MASTER RESET 1 The Control and Status Registers and other controls
are cleared when this input is low.

8- DALO- DATA ACCESS LINES |/0 Eight-bit bi-directional bus used for transfer of data,

15 DAL7 control status, and address information.

17 @ SELECT CODE I Five input pins which when hard-wired assign the

22 1D6 ! device a unique identification code used to select

24 1D5 1 the device when addressing and used as an

25 |D4 | identification when responding to interrupts.

26 ID3 |

3 CS CHIP SELECT | The low logic transition of CS identifies a valid
address on the DAL bus during Read and Write
operations.

39 RE READ ENABLE I This input, when low, gates the contents of the
addressed register from a selected ASTRO onto
the DAL bus.

4 WE WRITE ENABLE | This input, when low, gates the contents of the DAL
bus into the addressed register of a selected
ASTRO.
7 INTR INTERRUPT 0 This 6pen drain output, to facilitate WIRE-ORing,
goes low when any interrupt conditions
occur.
2 IACKI INTERRUPT | When the Controller (determining the interrupting
ACKNOWLEDGE IN ASTRO) makes this input low, the ASTRO places
its ID code on the DAL bus and sets reply low if itis
interrupting, otherwise it makes TACKO a low.
5 IACKO INTERRUPT (o} This output goes low in response to a low TACKI if
ACKNOWLEDGE OUT the ASTRO is not the interrupting device.
8 RPLY REPLY 0 This open drain output, to facilitate WIRE-ORing.

goes low when the ASTRO is responding to being
selected by an address onthe DAL bus or in
affirming that it is the interrupting source.
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Description of Pin Functions

Pin No. Symbol Pin Name 1/0 Function

30 Ri CLOCK RATES | These four inputs accept four different local 32X

31 R2 | datarate Transmit and Receive clocks. The inputon

32 R3 1 R4 may be divided down into a 32X clock from a

33 R4 | 32X, 64X, 128X, or 256X clock input. The clock used
in the ASTRO is selected by bits 0-2 of Control
Register 2.

37 BA TRANSMITTED DATA O This output is the transmitted serial data from the
ASTRO. Thisoutput is held in a Marking condition
when the transmitter section is not enabled.

27 BB RECEIVED DATA | This input receives serial data into the ASTRO.

38 CA REQUESTTOSEND O This output is enabled by bit 1 of Control Register 1
and remains in a low state during transmitted data
from the ASTRO.

3 CB CLEAR TO SEND | This input, when low, enables the transmitter
section of the ASTRO.

28 CC DATA SET READY | This input generates an interrupt when going ON or
OFF while the Data Terminal Ready signal is ON.

It appears as bit 6 in the Status Register.
16 CcD DATA TERMINAL (0] This output is generated by bit 0in Control Register
READY 1 and indicates Controller readiness.

18 CE RING INDICATOR | This input from the Data Set generates an interrupt
when made low with Data Terminal Ready inthe
OFF condition.

29 CF CARRIER DETECTOR | This input from the Data Set generates an interrupt
when going ON or OFF if Data Terminal Ready is
ON. It appears as bit 5 in the Status Register.

35 DB TRANSMITTER | This input is the Transmitter 1X Data Rate Clock.

TIMING Its use is selected by bits 0-2 of Control Register 2.
The transmitted data changes on the negative
transition of this signal.

34 DD RECEIVER TIMING | This input is the Receiver 1X Data Rate Clock. Its
use is selected by bits 0-2 of Control Register 2. The
Received Data is sampled by the ASTRO on the
positive transition of this signal.

19 MISC MISCELLANEOUS (e} This output is controlled by bits 4 and 5 of Control

Register 1 and is used as an extra programmable
signal.
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Device Programming

The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRQO chip.

Control Register 1

BIT 7 6 5 4 3 2 1 0
SYNG/ASYNC | ASYNG ASYNC (TRANS. ENABLED) | ASYNC ASYNC SYNC/ASYNC | SYNG/ASYNC | SYNG/ASYNC
0 — LOOP 0 — NONBREAK 0 — 1% or 2 STOP BIT 0 — NON ECHO MODE | 0 — NO PARITY ENABLED | 0 — RECEIVER | 0 — SETSRTS | 0 — SETS DTR

MODE LECTION 1 — AUTO ECHO MODE | 1 ~ PARITY CHECK DISABLED oUT=1_ oUT=1_
1— NORMAL | 1—BREAKMODE | 1 — SINGLE STOP BIT ENABLED ON 1—RECEIVER | 1 SETSRTS | 1— SETS DR
MODE @ SELECTION SYNC (CR12=1) RECEIVER AND ENABLED ouT=0 oUT=0
—_— PARITY GENERATION
SYNG ASYNG (TRANS. DISABLED) | 0 — DLE STRIPPING ENABLED ON
- S — NOT ENABLED TRANSMITTER
0 — TRANSMITTER | 0 — MTSC OUT=1 1 — DLE STRIPPING
NON TRANS- 1 - MISC 0UT=0 ENABLED SYNC
PARENT MODE i
1 — TRANSMITTER | SYNC (CR16=0) SYNC (CR12=0) 0 — RECEIVER PARITY
TRANSPARENT CHECK IS DISABLED
MODE 0 - NO PARITY 0 — MISC 0UT =1 1 — RECEIVER PARITY
GENERATED 1— MISC OUT=0 CHECK IS ENABLED
1 — TRANSMIT PARITY
ENABLED
SYNG (CR16=1)
0 — NO FORCE DLE
1 — FORCE DLE

Bit0

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set.

A logic 1 enables the Carrier and Data Set Ready interrupts. A logic 0 enables only the telephone line
Ring interrupt. The DTR output is inverted from the state of CR10.

Bit 1

Controls the Request tc Send output on Pin 38 to control the CA circuit of the Data Set. The RTS output
is inverted from the state of CR11. A logic 1 combined with a low logic Clear to Send input enables

the Transmitter and allows TBMT interrupts to be generated. A logic 0 disables the Transmitter and
turns off the external Request to Send signal. Any character in the Transmitter Register will be
completely transmitted before the Transmitter is turned off. The Request to Send output may be used
for other functions such as Make Busy on 103 Data Sets.

Bit 2

Alogic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status

Bits 1,2, 3, and 4, and to generate Data Received interrupts. A logic 0 disables the Receiver and clears
the Receiver Status bits.

Bit3
Asynchronous Mode

Alogic 1 enables check of parity on received characters and generation of parity for transmitted
characters.

Synchronous Mode

Alogic 1 bit enables check of parity on received characters only. Note: Transmitter parity enableis
controlled by CR15.
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Bit4 Asynchronous Mode

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this

mode the clocked regenerated data is presented to the Transmitter Data output in place of normal
transmission through the Transmitter Register. This serial method of echoing does not present any
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break

condition of all zeroes (null character) is echoed when a Line Break condition is detected. For all
subsequent null characters, with logic zero Stop bits, a steady Marking condition is transmitted until
normal character reception resumes. Echoing does.not start until a character has been received and the
Transmitter is idle. The Transmitter does not have to be enabled during the Echo mode.

Synchronous Mode

Alogic 1, with the Receiver enabled does not allow assembled Receiver data matching the DLE
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled.

When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic

1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions.

Bit5 Asynchronous Mode

Alogic 1, with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic 0 causes
transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits fora
character length of 5 bits.

With the Transmitter disabled this bit controls the Miscellaneous output on Pin 19, which may be used
for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers.

Synchronous Mode
A logic 1 combined with a logic 0 on Bit 6 of Control Register 1 enables Transmit parity; if CR15-0 or
CR16=1 no parity is generated. When set to a logic 1 with Bit6 also alogic 1, the contents of the DLE
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the
Transmitter Transparent mode.

Bit 6 Asynchronous Mode

Alogic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any
current transmitted character, when the Transmitter is enabled. Normal Transmitter timing continues

so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer.

Synchronous Mode
Alogic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter
time will be filled by DLE-SYN character transmission and a DLE character can be forced ahead of any
character in the Transmitter Buffer (Bit 5 above). When forcing DLE transmission, Bit 5 should be set to
alogic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be
transferred to the Transmitter Register prior to sending the DLE character.
Bit7 i .
A logic 0 configures the ASTRO into an Internal Data and Control Loop mode and disables the
Ring interrupt. In this diagnostic mode the foilowing loops are connected internally:

a. The Transmit Data is connected to the Receive Data with the BA pin held in a Mark condition and
the input to the BB pin disregarded.

b. With a 1X clock selected, the Transmitter Clock also becomes the Receive Clock.

¢. The Data Terminal Ready (DTR) Control bit is connected to the Data Set Ready (DSR) input, with
the Data Terminal Ready (DSR) output pin held in an OFF condition (logic high), and the DSR input
pinis disregarded.

d. The Request to Send Control bit is connected to the Clear To Send (CTS) and Carrier Detector (CF)
inputs, with the Request To Send (RTS) output pin held in an OFF condition (logic high), and the CTS
and Carrier Detector input pins are disregarded.

e. The Miscellaneous pin is held in an OFF (logic high) condition.

Alogic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex
configuration.
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Control Register 2

Control Register 2, unlike Control Register 1, cannot be changed at any time. This register shouid be
changed only while both the receiver and transmitter sections of the ASTRO are in the idle state.

BIT 7 6 5 4 3 2 1 Q
SYNC/ASYNG MODE SELECT SYNC/ASYNC ASYNC SYNC/ASYNC
CHARACTER LENGTH SELECT 0 — ASYNCHRONOUS 0 — EVEN PARITY 0 — RECEIVER CLK= CLOCK SELECT
SELECT RATE 1
00=8 BITS MODE 1 — ODD PARITY 1 — RECEIVER CLOCK 000 — 1X CLOCK
01=7 BITS 1 — SYNCHRONOUS SELECT DETERMINED BY 001 — RATE 1 CLOCK
10=6 BITS MODE BITS 2-0 010 — RATE 2 CLOCK
M =5BITS 011 — RATE 3 CLOCK
SYNC (CR16=0) 100 — RATE 4 CLOCK
I — 101 — RATE 4 CLOCK + 2
0 — NO SYN STRIP 110 — RATE 4 CLOCK + 4
1 — SYN STRIP 11t — RATE 4 CLOCK =+ 8
SYNC (CR16=1)
0 — NO DLE-SYN STRIP
1 — DLE-SYN STRIP
Bits 0-2
These bits select the Transmit and Receive clocks.
Bits Clock Source
210 Tx Rx
000 1X Clock (Pin 35) 1X Clock (Pin 34)
001 Rate 1 32X clock (Pin 30)
010 Rate2 32X clock (Pin31) *
011 Rate 3 32X clock (Pin32) *
100 Rate 4 32X clock (Pin33) * -
101 Rate 4 32X clock (Pin33) (= 2) **
110 Rate 4 32X clock (Pin33) (+ 4) *t
111 Rate 4 32X clock (Pin33) (+ 8) *t

NOTES:
*Rx clock is modified by bit 3 in the asynchronous mode.

tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 128X, or 256X clock
which may be available.

Bits 3

Asynchronous Mode
Alogic 0 selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must be a logic 1
for the 1X clock selection by Bits 2-0.

Synchronous Mode

Alogic 1 causes all DLE-SYN combination characters in the Transparent mode when DLE strip (CR14)
isalogic 1, or all SYN characters in the Non-transparent mode to be stripped out and no Data Received
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled
character as is transferred to the Receiver Buffer.

Bit4
Alogic 1 selects odd parity and a logic 0 selects even parity, when parity is enabled by CR13
and/or GR15.

Bit5

Alogic 1 selects the Synchronous Character mode. A logic 0 selects the Asynchronous Character mode.
Bits 6-7

These bits select the full character length (including parity, if selected) as shown above. When parity is

enabled it must be considered as a bit when making character length selection (5 bits plus parity =6 bits).
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Status Register

The data contained in the Status Register define Receiver and Transmitter data conditions and
status of the Data Set.

7 . 6 5 4 3 2 1 0
¢ Data e Data | e Carrier | e Framing | ¢ DLE e Overrun | ¢ Data ¢ Transmitter
Set Set Detector | Error Detect| Error Received | Buffer
Change | Ready * Syn ¢ Parity (DR) | Empty
(DSR) Detect | Error | | (TBMT)

Bit0

Alogic 1indicates that the Transmitter Buffer may be loaded with new data. It is set to a logic 1

when the contents of the Transmitter Buffer is transferred to the Transmitter Register. Itis cleared when
the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled.

Bit 1
Alogic 1indicates that an entire character has been received and transferred into the Receiver
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled.

Bit 2

Alogic 1indicates an Overrun error which occurs if the previous character in the Receiver

Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred
to the Receiver Buffer. This bitis cleared when no Overrun condition is detected (the next character
transfer time) or when the Receiver is disabled.

Bit 3
When the DLE Strip is enabled (CR14) the Receiver parity check is disabled and this bit is set to a logic 1
if the previous character to the presently assembled character matched the contents of the DLE
register; otherwise it is cleared. The DLE DET remains for one character time and is reset on the next
character transfer or on a Status Register Read. If DLE Strip is not enabled this bit is set to a logic 1
when the Receiver is enabled, Receiver parity (CR13) is also enabled, and the last received character
has a Parity error. A logic 0 on this bit indicates correct parity. This bitis cleared in both modes when
the Receiveris disabled.
Bit4

Asynchronous Mode
Alogic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled,
which indicates a Framing error. This bit is set to a logic 0 if the stop bit (logic 1) was detected.

Synchronous Mode
A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register.
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this
status bit is updated with the character received after the SYN character.

In both modes the bit is cleared when the Receiver is disabled.

Bit 5

This bit is the logic complement of the Carrier Detector input on Pin 29.

Bit 6 _

This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets
it can be used for Secondary Receive.

Bit7
This bit is set to a logic 1 whenever there is a change in state of the Data Set Ready or Carrier Detector

inputs while Data Terminal Ready (CR10) is alogic 1 or the Ring Indicator is turned ON, with DTR a
logic 0. This bit is cleared when the Status Register is read onto the DAL bus.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ..........ooiiiii i it 0°Cto + 70°C
Storage Temperature Range ............ ...l —55°C to +150°C
Lead Temperature (soldering, 10 8€C.) .. .. ittt e +325°C
Positive Voltage on any Pin, with respecttoground. ......... ... ... .. .. ... .o o il +18.0v
Negative Voltage on any Pin, with respecttoground. ........... .. ... ... ... ... . ... —0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in
the operational sections of this specification is not implied.
ELECTRICAL CHARACTERISTICS )
(TAo=0°Ct0 70°C, Vee = +5V £5%, Vpp= + 12V £5%, Vg =—5V 5%, Vss= 0V, unless otherwise noted)

Parameter Min Typ. Max. Unit Comments =

D.C. Characteristics =
INPUT VOLTAGE LEVELS (Lj;

Low Level, V,, 0.8 \

High Level, V|4 2.4 \"

OUTPUT VOLTAGE LEVELS

Low Level, Vg, 0.4 \ lop=1.6ma

High Level, Voi, 24 lon=100pua
INPUT LEAKAGE

Data Bus 5.0 10.0 pa 0=V,=5v

All others 5.0 10.0 pa Vin=+12v
POWER SUPPLY CURRENT

lee 80.0 ma

Ipp 10.0 ma

lgs 1.0 ma
A.C. Characteristics T,=25°C
CLOCK-RCP, TCP

frequency 1.0 MHz
DAL Bus

Tas Address Set-Up Time o] ns

Tan Address Hold Time 150 ns

TarL Address to RPLY Delay 400 ns

Tes CS Width 250 ns

Tesaee CS to Reply OFF Relay 0 250 ns R.,=2.7KQ
Read —

T are Address and RE Spacing 250 ns

TrecsH RE and CS Overlap 20 ns

Trecs RE to CS Spacing 250 ns

Treo RE to Data Out Delay 180 ns C,=20pf
Write _

T awe Address to WE Spacing 250 ns

TwecsH WE and CS Overlap 20 ns

Twe WE Width ‘ 200 1000 ns

Tos Data Set-Up Time 150 ns

Ton Data Hold Time 100 ns

Twees WE to CS Spacing 250 ns
Interrupt .

Test CS to IACKI Delay 0 ns

Tesre CS to RE Delay 250 ns

Tesren CS and RE Overlap 20 ns

Trecs RE to CS Spacing 250 ns

Th IACKI Pulse Width 200 ns

Tiap IACKI to Valid ID Code Delay 250 ns See Note 1.

Trep RE OFF to DAL Open Delay 180 ns

Tiare IACKI to RPLY Delay 250 ns See Note 1.

Tesrer CS to RPLY OFF Delay 0 250 ns R.=2.7KQ

Tu IACKI to IACKO Delay 200 ns

Tres RE OFF to IACKO OFF Delay 250 ns

Note 1: If BE goes low after TACKI goes low, the delay will be from the falling edge of RE.
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Multiple ASTRO System in Daisy-Chain Configuration
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COMMUNICATION
CONTROLLER

EPLY
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STANDARD MICROSYSTEMS
CORPORATION

35 B, Hauppauge, NLY, 1768
{5%)273-3100 TWX- L

We keep ahead of our COrPetItion 0 You Can keep ahead of yours.

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS COM 1863
CORPORATION COM 8018
: [.lPC FAMILY

Universal Asynchronous Receiver/Transmitter
| UART |

PIN CONFIGURATION
FEATURES voo1 40 N TCP
[0 Compatible with TR1863 timing 'H'%Cg E g ;3;: % P‘ODEB
n NDB1
[ High accuracy 32X clock mode: 48.4375% Receiver Distortion RDE [] 4 37 ) NDB2
Immunity and improved RDA/ROR operation (COM 8018 only) RD8 (] 5 36 [] NSB
O High Speed Operation—62.5K baud, 200ns strobes :g; E 6 35 B NPB
7 34f] cs
[ Single +5V Power Supply RDS [ & 33 [ Tos
3 Direct TTL Compatibility—no interfacing circuits required 2';‘; E 9 32} TD7
10
O Input pull-up options: COM 8018 has low current pull-up RD2 [ 11 Z; % 133
resistors; COM 1863 has no pull up resistors fD1 [ 12 201 TD4
[ Full or Half Duplex Operation—can receive and transmit RPE [] 13 28{] TD3
simultaneousty at different baud rates :SE E :; ;; % :'[3)2
. 1
{0 Fully Double Butfered—eliminates need for precise external swe (1 25[] Tso
timing RCP [} 17 24 [] TEOC
O Improved Start Bit Verification—decreases error rate RDAR [ 18 23] 708
) . . . RDA [ 19 22 1] TBMT
[ 46.875% Receiver Distortion Immunity RSl [ 20 2100 mr
{1 Fully Programmable— data word length; parity mode; number -
of stop bits: one, one and one-half, or two PACKAGE: 40-Pin D.I.P.
[J Master Reset— Resets all status outputs and Receiver Buffer
Register
[ Three State Outputs—bus structure oriented FUNCTIONAL BLOCK DIAGRAM
[0 Low Power—minimum power requirements TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8
O Input Protected—eliminates handling problems Izs 127 lzs 129 130 131 132 133
[ Ceramic or Plastic DIP Package—easy board insertion 55 23 TRANSMITTER BUFFER REGISTER
[1 Baud Rates available from SMC’s COM 8046, COM 8116,
COM 8126, COM 8136, COM 8146 baud rate generators
TRANSMITTER | 55
SHIFT TS0
REGISTER
24
GENERAL DESCRIPTION Tcp 40| TIMING AND CONTROL TRANSMITTE‘—I TEOC
The Universal Asynchronous Receiver/Transmitter is an 5434 j [ lI 6 ) swE
MOS/LSI monolithic circuit that performs all the receiving and ¢ 35 P 2 WE
transmitting functions associated with asynchronous data NPB =¥ STATUS 5% TBMT
communications. This circuit is fabricated using SMC’s Ngsag' 374 CONTROL WORD 74 Ef__’g
patented COPLAMOS® technology and employs depletion NDBT 138 ¥ REGISTER BUFFER 15,] ROR
mode loads, allowing operation from a single +5V supply. The POE 32— REGISTER [ 19) opa
duplex mode, baud rate, data word length, parity mode, and ¥ 18 | ——
number of stop bits are independently programmable through Ll t RDAR
the use of external controls. There may be 5, 6, 7, or 8 data rep 17 —
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits TIMING AND CONTROL RECEIVERJ
when utilizing a 5-bit code. These programmable features
provide the user with the ability to interface with all u 21
asynchronous peripherals. 1 MR
Rs1 422 g&ﬁ-'ngER 1
REGISTER "?‘ W
=24 Gnd
11 iy
*If pin 2 is taken to a logic 1 the COM 8018 will operate in a high ﬁ-‘—-{ RECEIVER BUFFER REGISTER
accuracy mode. If pin 2is connected to — 12V, GND, a valid logic
ze:io, or left u_nl'_lcolrlmected, the high accuracy feature is disabled, ls ls 17 J'a ls E L1 ng
and the UART will operate in a 16X clock mode. Pin 2 is not con-
nected on the COM 1863 RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1
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DESCRIPTION OF OPERATION — TRANSMITTER

At start-up the power is turned on, a clock whose
frequency is 16 or 32 times the desired baud rate is
applied, and master reset is pulsed. Under these
conditions TBMT, TEOC, and TSO are all at a high
level (the line is marking).

When TBMT and TEOC are high, the control bits
may be set. After this has been done the data bits
may be set. Normally, the control bits are strobed
into the transmitter prior to the data bits. However,
as long as minimum pulse width specifications
are not violated, TDS and CS may occur simulta-
neously. Once the data strobe (TDS) has been
pulsed, the TBMT signal goes low, indicating that
the data bits buffer register is full and unavailable to
receive new data.

If the transmitter shift register is transmitting pre-
viously loaded data the TBMT signal remains low.
If the transmitter shift register is empty, or whenitis
through transmitting the previous character, the
data in the buffer register is loaded immediatelyinto
the transmitter shift register and data transmission

commences. TEOC goes low, TSO goes low (the
start bit), and TBMT goes high indicating that the
data in the data bits buffer register has been loaded
into the transmitter shift register and that the data
bits buffer register is available to be loaded with
new data.

If new data is ioaded into the databits bufferregister

atthistime, TBMT goes lowand remainsinthis state
until the present transmission is completed. One

* full character time is available for loading the next

character with nolossinspeed of transmission. This
is an advantage of double buffering.

Data transmission proceeds in an orderly manner:
start bit, data bits, parity bit (if selected), and the
stop bit(s). When the last stop bit has been on the
line for one bit time TEOC goes high. If TBMT is
low, transmission begins immediately. If TBMT is
high the transmitter is completely at rest and, if
desired, new control bits may be loaded prior to the
next data transmission.

ODD/EVEN
PARITY SELECT

TRANSMITTER BLOCK DIAGRAM

NO  NUMBER NUMBER OF DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1
PARITY STOP BITS DATA BITS
" | LTI

CONTROL
STROBE CONTROL BITS HOLDING REGISTER

DATA BITS HOLDING REGISTER
BUFFER

DATA STROBE

1 !

TRANSMITTER

[

/F

TO
RECEIVER |l STEERING LOGIC J '
P
s

+

BU
EMPTY

16X or 32X

LOAD
P TIMING GENERATOR ':‘ﬁsmrr

» SERIAL
OUTPUT

TRANSMITTER SHIFT REGISTER
ouUTPUT
LOGIC

—-——47 PARITY BIT GENERATION LOGIC —I——d

HIACC

END OF
? CHARACTER

DESCRIPTION OF OPERATION —RECEIVER

At start-up the power is turned on, a clock whose
frequency is 16 or 32 times the desired baud rate is
appiied .and master reset is pulsed. The data
available (RDA) signal is now low. There is one set
of control bits for both the receiver and transmitter.

Data reception begins when the serial input line
transitions for mark (high) to space (low). If the
RSI line remains spacing for 15/32 to 17/32 bit
times (in the 16X mode, HIACC = 0) or 31/64 to
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33/64 bit times (in the 32X mode, HIACC = 1), a
genuine start bit is verified. Should the line return
to a marking condition prior to a 1/2 bit time, the
start bit verification process begins again. A mark
to space transition must occur in order to initiate
start bit verification. Once a start bit has been
verified, data reception proceeds in an orderly
manner: start bit verified and received, data bits
received, parity bit received (if selected) and the
stop bit(s) received.




If the received parity bit is incorrect, the parity
error flip-flop of the status word buffer register is
set high, indicating a parity error. However, if the
no parity mode is selected, the parity error flip-
flop is unconditionally held low, inhibiting a parity
error indication. If a stop bit is not received, the
framingerror flip-flopis set high, indicating a fra-
ming error.

On the negative RCP edge preceding the stop-bit
center sample, internal logic looks at the data
available (RDA) signal. If, at this instant, the RDA
signal is high, or the RDAR signal is low, the

receiver assumes that the previously received
character has not been read out and the over-run
flip-flop is set high. The only way the receiver is
aware that data has been read out is by having the
data available reset low.

Subsequently the RDA output goes high indicating
that all outputs are available to be examined. The
receiver shift register is now available to begin re-
ceiving the next character. Due to the double buf-
fered receiver, a full character time is available to
remove the received character.

RECEIVER BLOCK DIAGRAM

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

TI1 11711717

FRAMING
ERROR

OVER RUN

DATA
AVAILABLE

PARITY ERROR

TRANSMITTER
BUFFER EMPTY

BATA STATUS
ENABL 3-STATE BUFFER —I WORD 3-STATE BUFFER
[ TTTTTTT [ [ ]
RESET DATA
DATA BITS HOLDING REGISTER R AVATLABLE STATUS WORD
BUFFER s F/E AV HOLDING REGISTER
CONTROL . | T
BITS FROM
RHE%LDING
ISTER
- v l
SERIAL START BIT PARITY BIT RIGHT RECEIVER SHIFT
INPUT VERIFICATION CHECKING LOGIC JUSTIFY LOGIC cp REGISTER

16X or 32X |
oX or 32 —DI TIMING GENERATOR

HIACC
DESCRIPTION OF PIN FUNCTIONS
PIN NO.[ SYMBOL NAME FUNCTION
1 Voo Power Supply +5 volt Supply
2 HIACC High Accuracy Enables 32X clock and improved RDA/ROR operation.
Mode See NOTE on high accuracy mode.
3 GND Ground Ground
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register.
5-12 | RD8-RD1 Receiver Data These are the eight 3-state data outputs enabled by RDE.
Outputs Unused data output lines, as selected by NDB1 and NDB2,
have a low-level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 output.
13 RPE Receiver Parity This 3-state output (enabled by SWE) is at a high-level if
Error the received character parity bit does not agree with the
selected parity.
14 RFE Receiver Framing This 3-state output (enabled by SWE) is at a high-level if
Error the received character has no valid stop bit.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.| SYMBOL NAME FUNCTION
15 ROR Receiver Over This 3-state output (enabled by SWE) is at a high-level if
Run the previously received character is not read (RDA output
reset not completed) before the present character is
transferred into the receiver buffer register.
16 SWE Status Word A low-level input enables the outputs (RPE, RFE, ROR,
Enable RDA, and TBMT) of the status word buffer register.

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) or
32 times (32X) the desired receiver baud rate.

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level.

Available Reset must have gone low and come high again before
ROR is sampled to avoid overrun indication.
19 RDA Receiver Data This 3-state output (enabled by SWE) is at a high-level
Available when an entire character has been received and transferred
into the receiver buffer register.

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level

Input (mark) to low-level (space) transition is required to initiate
data reception.

21 MR Master Reset This input should be pulsed to a high-level after power
turn-on. This sets TSO, TEOC, and TBMT to a high-level
and resets RDA, RPE, RFE,ROR and RD1-RD8 to a low-level.

22 TBMT Transmitter This 3-state output (enabled by SWE) is at a high-level

Buffer Empty when the transmitter buffer register may be ioaded with
new data.

23 TDS Transmitter A low-level input strobe enters the data bits into the

Data Strobe transmitter buffer register.
. This output appears as a high-level during the last half

24 TEOC l‘g%iﬁ;nr;tgagfnd clock cycle of the last stop bit. It remains at this level
until the start of transmission of the next character or
for one-half of a TCP period in the case of continuous
transmission.

25 TSO Transmitter This output serially provides the entire transmitted

Serial Output character. TSO remains at a high-level when no data is
being transmitted.

26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available.

Data Inputs Unused data input lines, as selected by NDB1 and NDB2,
may be in either logic state. The LSB should always be
placed on TO.

34 CS Controi Strobe A high-ievei input enters the controi bits (NDB1, NDB2,
NSB, POE and NPB) into the control bits holding register.
This line may be strobed or hard wired to a high-level.

35 NPB A high-level input eliminates the parity bit from being

No Parity Bit

transmitted: the stop bit(s) immediately follow the last data
bit. In addition, the receiver requires the stop bit(s) to follow
immediately after the last data bit. Also, the RPE output is
forced to a low-level. See pin 39, POE.
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DESCRIPTION OF PIN FUNCTION

PIN NO.| SYMBOL NAME FUNCTION
36 NSB Number of This input selects the number of stop bits. Alow-level input
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits.
Selection of two stop bits when programming a 5 data bit
word generates 1.5 stop bits.
37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5, 6, 7,
NDB1 Bits/Character or 8 data bits/character as per the following truth table:
NDB2 NDB1 data bits/character
L L 5
L H 6
H L 7
H H 8
39 POE Odd/Even Parity - The logic level on this input, in conjunction with the NPB
Select input, determines the parity mode for both the receiver and
transmitter, as per the following truth table:
NPB POE MODE
L L odd parity
L H even parity
H X no parity
X =don’t care
40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) or
Clock 32 times (32X) the desired transmitter baud rate.

TRANSMITTER TIMING —
8 BIT, PARITY, 2 STOP BITS

TRANSMITTER START-UP

™ | |

TBMT “ l

START M5

> Bit

TSO

ATATT T""‘l———l——‘—l—
DATA1) ... |DATA8 PARITY|STOP 1 STOP 2| START

e[ L L LT LT
[ o5 [TIT T

TEOC R

TBMT I
I TSO ' 1

RECEIVER TIMING —
8 BIT, PARITY, 2 STOP BITS

RS! I START :BATALI ----- IDATA B—Jr.PAH ITYI STOP 1 STOP 2| START

CENTER BIT
SAMPLE | |

..... T

START BIT DETECT AND VERIFY

a 9 «16X
] 1 2 16 17 32X
RCP I I ] I I ] | I |

l center sample

minimum continuous low

|

required for start-bit verification

RECEIVER TIMING DETAIL

5 8 7 8 9 10 - 16X
13 4 15 16 17 18 -—32X
RCP
A I I I S L L1 |
stop bit center sample
RDA -
(HIACC = @) l
RDA I l
(HIACC = 1), i
RD1-RD8,
ROR X
RPE, RFE X
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ..........ciiiiiiiiiiiiiiii ittt e teeeaaaneinaanan, 0°Cto+ 70°C
Storage Temperature Range . ...ttt ittt riineinaeeness —55°Cto +150°C
Lead Temperature (Soldering, 10 SC.) ... vv vttt ettt i it e ittt aeeeaanns +325°C
Positive Voltage on any Pin, withrespecttoground . ........ ..o it i ieinnnns +8.0V
Negative Voltage on any Pin (except Pin 2), with respecttoground .......................... —-0.3V
Negative Voltage on Pin 2, with respectto ground ......... ..ottt -~13.2V

Stresses above those listed may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or at any other condition above
those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, itisimportant
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is
switched on and off. In addition, voltage transients on the AC power line may appear on the
DC output. If this possibility exists it is suggested that at clamp circuit be used.

ELECTRICAL CHARACTERISTICS (TA=0°Ct070°C, Voo =+5V £5%, unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit | Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, ViL 0.8 \Y
High-level, Vin 2.0 \
OUTPUT VOLTAGE LEVELS
Low-level, Vou 04 V |loL=16mA
High-level, Von 2.4 V  |lon =—100uA
INPUT CURRENT
Low-level, IiL 300 uA | ViN=GND, COM 8018 only
INPUT LEAKAGE +10 uA | COM 1863 only
OUTPUT CURRENT —
Leakage, ILo +10 uA |SWE=RDE =V, 0=<Vour <+5V
Short circuit, los** 40 mA |Vout =0V
INPUT CAPACITANCE
Allinputs, Cin 5 10 pf
OUTPUT CAPACITANCE -
All outputs, Cout 10 20 pf |[SWE=RDE =V
POWER SUPPLY CURRENT
Icc 25 mA | All outputs = VoH, All inputs = Vop
A.C. CHARACTERISTICS Ta = +25°C, See Timing Diagrams
CLOCK FREQUENCY DC 1.0 | MHz |RCP, TCP
PULSE WIDTH
Clock 0.45 us |RCP TCP
Master reset 500 ns |MR
Control strobe 200 ns {CS
Transmitter data strobe 200 ns |TDS
Receiver data available reset 200 ns |RDAR
INPUT SET-UP TIME
Data bits . 0 ns |TD1-TD8
Control bits 0 ns |NPB, NSB, NDB2, NDB1, POE
INPUT HOLD TIME
Data bits 0 ns |TD1-TD8
Control bits 0 ns |NPB, NSB, NDB2, NDB1, POE
ENABLE TO OUTPUT DELAY Load =20pf +1 TTL input
Receive data enabie 250 ns |RDE: Tep1, Tepo
Status word enable 250 ns |SWE: Tpo1, Troo
OUTPUT DISABLE DELAY 250 ns | RDE,SW

**Not more than one output should be shorted at a time.

NOTES: 1. If the transmitter is inactive (TEOC and TBMT are at a high-level) the start bit will appear on the TSO line within
1% clock period (TCP) after the trailing edge of TDS.

2. The start bit (mark to space transition) will always be detected within one RCP clock period, guaranteeing
a maximum start bit slippage of +1/32 or +1/64 of a bit time.

3. The 3-state output has 3 states: 1) lowimpedancetoVob_2) lowimpedanceto GND 3) highimpedance OFF =
10M ohms The “OFF” state is controlled by the SWE and RDE inputs.
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DATA/CONTROL TIMING DIAGRAM

e Vi
TOS "
Vi
‘ Tpw*
TSET-UP - —)| '(— THOLD
ViH
DATA INPUTS Vi
t.=t=20ns A
TseT-uP =0
THOLD =0
Tew-

cs Vin
Vie

THOLD

TSET-
CONTROL INPUTS V'H

*Input information (Data/Control) need only be valid during
the last Tpw, min time of the input strobes (TDS, CS).

NOTES ON COM 8018 AND COM 1863
HIGH-ACCURACY AND IMPROVED
RDA/ROR MODE
The HIACC mode is enabled by applying a logic
“one” to pin 2. If this pin is left unconnected, or
connected to GND, —12V, or a logic “zero,” the
HIACC mode is disabled. The HIACC input has an

internal pull-down resistor.

When the HIACC mode is selected, the TX and RX
halves both operate on 32X instead of 16X clocks.
Also, RDA is notched during the one half receiver
clock cycle preceding the stop bit center sample
when RD1-RD8 and ROR are changing.

Whether or not the HIACC mode is selected, RDA
must be low and RDAR must have returned high to
avoid setting ROR. If RDAR is held low past the
stop-bit center sample, RDA will go high after RDAR
returns high.

The maximum current HIACC will supply if con-
nected to —13.2V is 3.5mA.

OUTPUT TIMING DIAGRAM
RDE, SWE viL NT /
OUTPUTS e A
(RD1-RDS, RDA. vor
RPE, ROR, RFE, TBMT) __ Voo
Teot, Troo
NOTE: Waveform drawings not to scale for clarity.
ADDITIONAL TIMING INFORMATION
RDAR
TDS i

—\ 200ns
i - - ;t

Vou
RDA r-¥ 300ns -——'
TCP
ViL
TCP
=500ns
TEOC ) 50
Vor
TCP
Vie
©500ns
Vou
TBMT

=500ns

IMPROVED RDA/ROR OPERATION
TIMING DIAGRAMS

RD1-RD8, and ROR determined

Stop bit center sample

LRDAR at last possible moment
and not get ROR

RD1-RD8, and ROR determined

\S::)p—bit center sample
RCP l I

RDA ‘
RDAR I l
ROR

RD1-RD8, and ROR determined

Stop-bit center sample

Protection against missing the ROR flag
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FLOW CHART—TRANSMITTER FLOW CHART—RECEIVER

1. TURN POWER ON
; ;gsgspngssrneggese'r 2. PULSE MASTER RESET
. SELECT BAUD RATE—16X o 32X CLK 3. SELECT BAUD RATE—16X OR 32X CLK
3 4. SET CONTROL BITS

- =0
TBMT =1 RDA

TEQC =1
TSO =1 (STOP BIT)

SET CONTROL BITS—PULSE C$

SET DATA BITS

THE LINE
TRANSITIONED
FROM MARKING TO,

SPAS'NG

1
umea
SHIFT REGISTER
EMPTY ?

(TEOC = 1)

HAS
18IT TIME
ELAPSED 7

1. LOAD TRANSMITTER SHIFT REGISTER

2 TEOC=0
3. TSO =0 (START BIT) SHIFT AND LOAD DATA BIT INTO
RECEIVER SHIFT REGISTER

HAS
1 BIT TIME
ELAPSED ?

YES

SHIFT 1 BIT RIGHT IN THE
TRANSMITTER SHIFT REGISTER

TRANSMIT START BIT, DATA
C’

BITS, SELECTED PARITY MODE,
AND STOP BIT(S)

—

HAS
THE LAST
STOP BIT BEEN ON THE
LINE FOR 1 BIT

TIME 7

ADA =0
=17

TRANSFER DATA TO AD1-RD8

TEOC=1 TSO=1

STOP-BIT
CENTER
SAMPLE?

ARE
THERE NEW
CONTROL BITS
2

SET/RESET RFE
SET/RESET RPE

+

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MlQOSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
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B P coMzs02

COM2502/H
COM2017/H

Universal Asynchronous Receiver/Transmitter

UART Pin Configuration _
FEATURES vwed1 © s Tor z
O Direct TTL Compatibility — no interfacing circuits oo E : o % o =
required ADE [} 4 37 [] NDB2 @
RD8 ] 5 36 ] NSB
O Full or Half Duplex Operation— can receive and gg; 0 ?I 350 NPB
transmit simultaneously at different baud rates RDS é 8 z % ff[sm
: - . RD4 (]9 2] To7
{0 Fully Double Buffered — eliminates need for precise , RD3 [] 10 31[] TD6
external timing RD2 E 1 30 TDs
RD1 (] 12 29] TD4
[0 Start Bit Verification — decreases error rate RPE [] 13 28] 703
RFE E 14 27 ] TD2
. ROR 15 26 TD1
OFully Programma‘ble—-data word length, parity mode, SWE (] 16 20 Ts0
number of stop bits; one, one and one-half, or two RCP (J17 24 (] TEOC
RDAR [ 18 23] 55
O High Speed Operation—40K baud, 200ns strobes RDA [J19 2 TBMT
RSl [ 20 211 MR
[ Master Reset— Resets all status outputs
P PACKAGE: 40-Pin D.I.P.

[ Tri-State Outputs— bus structure oriented

O Low Power— minimum power requirements Functional Block Diagram
O Input Protected — eliminates handling problems TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8
O Ceramic or Plastic Dip Package—easy board insertion ].25 l; l"’s?g 13" 131 132 133
o542 TRANSMITTER BUFFER REGISTER
TRANSMITTER | o5
SHIFT TSO
REGISTER
Topi40 TIMING AND CONTROL TRANSMITTER |22 TEOC
st TT 1l e
GENERAL DESCRIPTION NPB—) STA 2 TomT
; ; - NSBr37 | coNTROL WORD. 147 RPE
The Universal Asynchronous Receiver/Transmitter is NDB2455—4 FECiSTER BUFFER 5% RFE
S NDB1 $3— 125 ROR
an MOS/LSI monolothic circuit that performs all the POES2 ) REGISTER [ 9] poa
receiving and transmitting fu!'lcti_ons assc_)cia_ted }N_ith J\I ﬁ T 8l emam
asynchronous data communications. This circuit is 17
fabricated using SMC's P-channel low voltage oxide- RCPy TIMING AND CONTROL RECEIVEHJ
nitride technology. The duplex mode, baud rate, data U
word length, parity mode, and number of stop bits are & wr
independently programmable through the use of exter- asI122 gﬁlcherER 1
nal controls. There may be 5, 6,7 or 8 data bits, odd/even | RecisTER pED vee
or no parity, and 1, or 2 stop bits or 1.5 stop bits when U +34Gnd
utilizing a 5-bit code from the COM 2017 or COM 2017/H.
The UART can operate in either the full or half duplex H_')E'4_'l RECEIVER BUFFER REGISTER
mode. These programmable features provide the user l J, .l. J. J. J. J. J,‘ R
with the ability to interface with all asynchronous P 8 47 48 39 [0 1
: RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1
peripherals.
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DESCRIPTION OF OPERATION— TRANSMITTER

At start-up the power is turned on, a clock whose
frequency is 16 times the desired baud rate is
applied and master reset is pulsed. Under these
conditions TBMT, TEOC, and TSO are all at a high
level (the line is marking).

When TBMT and TEOC are high, the control bits
may be set. After this has been done the data bits
may be set. Normally, the control bits are strobed
into the transmitter prior to the data bits. However,
as long as minimum pulse width specifications
are not violated, TDS and CS may occur simulta-
neously. Once the date strobe (TDS) has been
pulsed the TBMT signal goes low, indicating that
the data bits buffer register is full and unavailable to
receive new data.

If the transmitter shift register is transmitting pre-
viously loaded data the TBMT signal remains low.
If the transmitter shift register is empty, orwhenitis
through transmitting the previous character, the
datain the buffer register is loaded immediately into
the transmitter shift register and data transmission

commences. TSO goes low (the start bit), TEOC
goes low, the TBMT goes high indicating that the
data in the data bits buffer register has been loaded
into the transmitter shift register and that the data
bits buffer register is available to be loaded with
new data.

If new data is loaded into the data bitsbufferregister
at this time, TBMT goes low and remainsinthis state
until the present transmission is completed. One
full character time is available for loading the next
character with nolossinspeed cftransmission. This
is an advantage of double buffering.

Data transmission proceeds in an orderly manner:
start bit, data bits, parity bit (if selected), and the
stop bit(s). When the last stop bit has been on the
line for one bit time TEOC goes high. If TBMT is
low, transmission begins immediately. If TBMT is
high the transmitter is completely at rest and, if
desired, new control bits may be loaded prior to the
next data transmission.

TRANSMITTER BLOCK DIAGRAM

DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1

N Y Y S A

ODD/EVEN
PARITY SELECT
NO  NUMBER NUMBER OF
PARITY STOP BITS DATA BITS

CONTROL >
STROBE CONTROL BITS HOLDING REGISTER l

DATA BITS HOLDING REGISTER DATA STROBE
BUFFER DATA STROBE

! it

i

TO
RECEIVER

STEERING LOGIC
R
FIF

TRANSMITTER
l BUFFER

l S EMPTY

®xT

ﬁ LOAD SERIAL
CLOCK TIMING GENERATOR t SHIFT  TRANSMITTER SHIFT REGISTER OUTPUT
ouTPUT
LOGIC

———-—i PARITY BIT GENERATION LOGIC }—ﬂ

END OF
T CHARACTER

DESCRIPTION OF OPERATION —RECEIVER

At start-up the power is turned on, a clock whose
framitnnmiiio 10 brmonc dle o Admclam d e i b T e
WeQuTTiCY iS 1w UimiSS tne Gesired vaudraleisappiied
and master reset is pulsed. The dataavailabie (RDA)
signal is now low. There is one set of control bits for

both the receiver and transmitter.

Data reception begins when the serial input line
transitions from mark (high) to space (low). If the
RSl line remains spacing for a1/2 bittime, agenuine
start bit is verified. Should the line returntoa mark-

ing condition prior to a 1/2 bit time, the start bit veri-
fication process begins again. A mark {0 space
transition must occur in order to initiate start bit
verification. Once a start bit has been verified, data
reception proceeds in an orderly manner: start bit
verified and received, data bits received, parity bit
received (if selected) and the stop bit(s) received.

If the transmitted parity bit does not agree with the
received parity bit, the parity error flip-flop of the
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status word buffer register is set high, indicating a
parity error. However, if the no parity mode is se-
lected, the parity error flip-flop is unconditionally
held low, inhibiting a parity error indication. If a
stop bitis notreceived, due to animproperly framed
character, the framing error flip-flop is set high,
indicating a framing error.

Once a full character has been received internal
logic looks at the data available (RDA) signal. If, at
this instant, the RDA signal is high the receiver
assumes that the previously received character has

not been read out and the over-run flip-flop is set
high. The only way the receiver is aware that data
has been read out is by having the data available
reset low.

At this time the RDA output goes high indicating
that all outputs are available to be examined. The
receiver shift register is now available to begin re-
ceiving the next character. Due to the double buf-
fered receiver, a full character time is available to
remove the received character.

RECEIVER BLOCK DIAGRAM
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL NAME FUNCTION
1 Vce Power Supply +5 volt Supply
2 Vop Power Supply —12 volt Supply
3 GND Ground Ground
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register.
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE.
Outputs Unused data output lines, as selected by NDB1 and NDB2,
have a low-level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 oufput.
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if
Error the received character parity bit does not agree with the
selected parity.
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if

Error

the received character has no valid stop bit.
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DESCRIPTION OF PIN FUNCTIONS

PINNO. SYMBOL NAME FUNCTION
15 ROR Receiver Over This tri-state output (enabled by SWE) is at a high-level if
Run the previously received character is not read (RDA output
not reset) before the present character is transferred into
the receiver buffer register.
16 SWE Status Word A low-level input enables the outputs (RPE, RFE, ROR,
Enable RDA, and TBMT) of the status word buffer register.

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) the
desired receiver baud rate.

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level.

Available Reset
19 RDA Receiver Data This tri-state output (enabled by SWE) is at a high-level
Available when an entire character has been received and transferred
into the receiver buffer register.

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level

Input (mark) to low-level (space) transition is required to initiate
data reception.

21 MR Master Reset This input should be pulsed to a high-level after power
turn-on. This sets TSO, TEOC, and TBMT to a high-level
and resets RDA, RPE, RFE and ROR to a low-level.

22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level

Buffer Empty when the transmitter buffer register may be loaded with
new data.

23 TDS Transmitter A low-level input strobe enters the data bits into the

Data Strobe transmitter buffer register.
24 TEOC Transmitter End This output appears as ahigh-leveleachtimeafull character
of Character is transmitted. It remains at this level until the start of
transmission of the next character or for one-half of a TCP
period in the case of continuous transmission.

25 TSO Transmitter This output serially provides the entire transmitted

Serial Output character. TSO remains at a high-level when no data is
being transmitted.

26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available.

Data Inputs Unused data input lines, as selected by NDB1 and NDB2,
may be in either logic state. The LSB should always be
placed on TC1.

34 CSs Controi Sirobe A high-ievei input enters the control bits (NDB1, NDB2,
NSB, POE and NPB) into the control bits holding register.
This line may be strobed or hard wired to a high-level.

35 NPB No Parity Bit A high-level input eliminates the parity bit from being

transmitted; the stop bit(s) immediately follow the last data
bit. In addition, the receiver requires the stop bit(s) to follow
immediately after the last data bit. Also, the RPE output is
forced to a low-level. See pin 39, POE.
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DESCRIPTION OF PIN FUNCTION

PINNO. SYMBOL NAME FUNCTION
36 NSB Number of ‘This input selects the number of stop bits. A low-level input
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits.
Selection of 2 stop bits when programming a 5 data bit word
generates 1.5 stop bits from the COM 2017 or COM 2017/H.
37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5,6, 7,
NDB1 Bits/Character or 8 data bits/character as per the following truth table
NDB2 NDB1 data bits/character
L L 5
L H 6
H L 7
H H 8
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB
Select input, determines the parity mode for both the receiver and
transmitter, as per the following truth table:
NPB POE MODE
L L odd parity
L H even parity
H X no parity
X =don’t care
40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) the
Clock desired transmitter baud rate.

TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS

s I I

TBMT " | I

180 lSTART '—!o ;7;11 ..... TD:T: QJFAE;YIJ STOP1 s'ropz' START
— Bt fe—

TEOC I time 1
TRANSMITTER START-UP

e [T L _l_l_l_\_l_]_l_

1/ 'I [
08 ’ l | _,] tlme
150 M | |
s

Up ion, or when not itting at 100% line utilization, the start bit will be placed
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS.

RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS

RSl | START F)ATALI ----- IDATA BIPARITY] STOP 1 STOP ZISTART

CENTER BIT I

SAMPLE I I I

RDA* e e e e e o e e e —: le— 1/16 Bit time
RDA""

*The RDA line was previously not reset (ROR = high-level).
**The RDA line was previously reset (ROR = low-level).

START BIT DETECT/VERIFY

RCP I ) I | | I | I

M Begin verity z Begin verify
RSt | l

S 3

if the RS line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line returnto a
marking condition prior to a 1/2 bit time, the start bit verification process begins again.
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MAXIMUM GUARANTEED RATINGS* ‘
Operating Temperature RaNGE . ......vvuriiirttnitei it eiiei i eaneraneenneens 0°Cto +70°C

Storage Temperature Range ..........oeiiiieiinntinnriniiaiiineaneennsenns -55°C to +150°C
Lead Temperature (Soldering, 10 S8C.) -« oo ittt ittt it ittt ettt iie e cneiaeaeennnns +325°C
Positive Voltage on any Pin, Ve .. ovvt it iiii ittt et e e ettt ieiee e +0.3V
Negative Voltage on any Pin, VeC ..o ittt ittt it i e e et eeenns —25V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device atthese or at any other conditionabove those indicated in the operational
sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70° C, Vcc = +5V £5%, Voo =—12V £5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Conditions
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, ViL Vob 0.8 \
High-level, Vin Vce-1.5 Vee v
OUTPUT VOLTAGE LEVELS
Low-level, VoL 0.2 04 V  lor=16mA
High-level, Von 24 40 V  lon=100uA
INPUT CURRENT
Low-level, liL 16 mA seenoted
OUTPUT CURRENT o
Leakage, ILo —1 uA  SWE =RDE =V, 0=<Voutr<+5V
Short circuit, los™ 10 mA Vour =0V
INPUT CAPACITANCE
All inputs, Cin 5 10 pf  Vin=Vce, {=1MHz
OUTPUT CAPACITANCE -
Alt outputs, Cout 10 20 pf SWE=RDE=Vm, f=1MHz
POWER SUPPLY CURRENT
Icc 28 mA  All outputs = VoH, All inputs = Vcc
lop 28 mA
A.C. CHARACTERISTICS Ta=+25°C
CLOCK FREQUENCY
(COM2502, COM2017) DC 400 KHz RCP, TCP
(COM2502H, COM2017H) DC 640 KHz RCP, TCP
PULSE WIDTH
Clock 1 us RCPTCP
Master reset 500 ns MR
Control strobe 200 ns CS
Transmitter data strobe 200 ns TDS
Receiver data available reset 200 ns RDAR
INPUT SET-UP TIME
Data bits =0 ns TD1-TD8
Control bits >0 ns NPB, NSB, NDB2, NDB1, POE
INPUT HOLD TIME
Data bits =0 ns TD1-TD8
Control bits =0 ns NPB, NSB, NDB2, NDB1, POE
STROBE TO OUTPUT DELAY Load =20pf +1 TTL input
Receive data enabie 350 ns RODE: Teo1, TPoo
Status word enable 350 ns SWE: Teoi, Teoo
QUTPUT DISABLE DELAY 350 ns RDE,SWE

**Not more than one output should be shorted at a time.

NOTES: 1. If the transmitter isinactive (TEOC and TBMT are at a high-level) the start bit will appear on the TSO line within
one clock period (TCP) after the trailing edge of TDS.

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing
a maximum start bit slippage of 1/16th of a bit time.

3. The tri-state output has 3 states: 1) lowimpedancetoVcc  2)lowimpedancetoGND 3)highimpedance OFF =
10M ohms. The “OFF” state is controlled by the SWE and RDE inputs.

4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502 or COM 2502/H)
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DATA/CONTROL TIMING DIAGRAM
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CONTROL INPUTS

*Input information (Data/Control) need only be valid during
the last Tpw, min time of the input strobes (/TDS, CS).

OUTPUT TIMING DIAGRAM
RDE, SWE v
‘ Outputs Disabled
OUTPUTS - T - --—--- A\ VoH
(RD1-RD8, RDA,
RPE, ROR, RFE, TBMT) _ VoL
le—— TpPD1, TPDO
NOTE: Waveform drawings not to scale for clarity.
RDAR
je———— 200ns ——> TDS
\ / £ Vin
VL oo === = —~ v o _
\N TMBT Vo
VoL l«— 400ns
RDA [¢——— 300ns ——— >
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FLOW CHART—TRANSMITTER FLOW CHART—RECEIVER
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tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
—— wnms assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
w37 necsozrame  devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
our competition o you can keep ahead of yours.  at any time in order to improve design and supply the best product possible.

STANMRD M'QQOSNEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
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STANDARD MICROSYSTEMS
s

COM 2449-1
COM 2449-2
COM 2449-3

1IPC FAMILY

RS-449
Programmable Communications
Interface

FEATURES

[1 RS-449 compatible inputs and outputs
(0 Maskable Interrupts for RS-449 inputs
O Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
] Re-programmable ROM on-chip baud
rate generator
[ Synchronous Mode Capabilities
—Selectable 5 to 8-Bit Characters
—Selectable 1 or 2 SYNC Characters
— Internal or External Character Synchronization
—Transparent or Non-Transparent Mode
— Transparent mode DLE stuffing (Tx)
and detection (Rx)
— Automatic SYNC or DLE-SYNC Insertion
—SYNC, DLE and DLE-SYNC stripping
—Odd, Even, or No Parity
—Local or remote maintenance loop back mode
[J Asynchronous Mode Capabilities
—Selectabie 5 to 8-Bit Characters plus parity
—3 Selectable Clock Rates (1X, 16X, 64X the
Baud Rate)
—Line Break Detection and Generation
—1, 1%, or 2-Stop Bit Detection and Generation
—False Start Bit Detection
—QOdd, Even, or No Parity
— Parity, Overrun, and framing error detect
— Local or remote maintenance loop back mode
— Automatic serial echo mode (echoplex)
[ Baud Rates
—DC to 1.0M Baud (Synchronous)
—DC to 1.0M Baud (1X, Asynchronous)

PIN CONFIGURATION

T —_
.oo(+ 40p1s
D12 39[] 5F/SR
RxD [ 3 38[) 5§
GND (] 4 37 AT
D2(}s 36T
D36 35 NS
pa]7 34[JRR
D5 (s 33[] vec
D6 [] 9 32] RxC/BRKDET
o7 [} 10 31 ’E‘,IT_R
icgn 30{J RS
™12 291 DM
a3 28 [] RESET
A2 [] 14 27 {] BRCLK
TxC/XSYNC [ 15 26 ] TxD
CE(] 16 25 [} TxEMT/DSCHG
A 24 Bé§ :
sB (18 23 [J TxRDY
sigs 22 (] RxADY
a0 20 21 R
PACKAGE: 40-Pin D.L.P.

—DC to 62.5K Baud (16X, Asynchronous)
—DC to 15.625K Baud (64X, Asynchronous)

[1 Double Buffering of Data

[J RxC and TxC pins are short circuit protected
O Internal or External Baud Rate Clock

(33 baud rate sets (2449-1, -2, -3)

{116 internal rates for each version

[ Single +5 volt Power Supply

I TTL Compatible

[JNo System Clock Required

GENERAL DESCRIPTION

The COM 2449 is an MOS/LSI device fabricated
using SMC'’s patented COPLAMOS® technology.
It is equivalent to the COM 2661 with the addi-
tional features required to create the interface to
an RS-449 compatible modem. Six new outputs
are added to implement the RS-449 signals sent
to the Data Communications Equipment (DCE)
and five new signals are added to receive the
RS-449 status signals from the DCE. A second
status register and an output register have been
added to allow a processor full control of the addi-
tional /O pins. The COM 2449 contains a baud
rate generator which can be programmed to either
accept an external clock or to generate internal
transmit or receive clocks. Sixteen different baud
rates can be selected under program control when
operating in the internal clock mode. Each version
of the COM 2449 (-1, -2, -3) has a different set of
baud rates. Custom baud rates can be ROM repro-
grammed to accommodate different baud rates

9N

and different starting frequencies.

The COM 2449 is a Universal Synchronous/
Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data com-
munications. The USART is used as a peripheral
and is programmed by the processor to com-
municate in commonly used asynchronous and
synchronous serial data transmission techniques
including iBM Bi-Sync. The USART receives serial
data streams and converts them into parallel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in parallel format, convert them
to serial format and transmit. The USART will sig-
nal the processor when it has completely received
or transmitted a character and requires service.
Complete USART status including data format
errors and control signals is available to the
processor at any time.
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COM 2449 ORGANIZATION

The COM 2449 is organized into 6 major sections.
Communication between each section is achieved via
an internal data and control bus. The data bus buffer
allows a processor access to all internal registers on the
COM 2449. The COM 2449 is a COM 2661 with 5 new
inputs (readable by the processor from STATUS
REGISTER 2) and 6 new outputs (written by the pro-
cessor via the OUTPUT REGISTER). Each of the 5 new
inputs can cause an interrupt condition on the COM
2449. The ability to enable these conditions for inter-
rupt handling is provided. Table 1 outlines the dif-
ferences between the COM 2661 and the COM 2449.
It should be noted that the COM 2449 can be viewed as
a general purpose communications interface device
with general purpose 1/O pins to allow setting output
controls and interrogation of input status. This addi-
tional I/O capability, although added to allow RS-449
compatibility, can ease the interface to any com-
munications discipline.

Operation Control

This functionai biock stores configuration and opera-
tion commands from the processor and generates appro-
priate signals to various internal sections to control the
overail device operation. It contains read and write cir-
cuits to permit communications with a processor via the
data bus and contains Mode Registers 1 and 2, the
Command Register, the two Status Registers, and the
Output Register. Details of register addressing and
protocol are presented in the COM 2449 program-
ming section of this specification.
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The COM 2449 contains a Baud Rate Generator (BRG)
which is programmable ‘to accept external transmit or
receive clocks or to divide an external clock to perform
data communications. The unit can generate 16 com-
monly used baud rates, any one of which can be selected
for full duplex operation. Tables 2a, b, and ¢ illustrate all
available baud rates.

Receiver

The Receiver accepts serial data on the RxD pin, con-
verts this serial input to parallel format, checks for bits
or characters that are unique to the communication
technique and stores the “assembled” character in the
receive data holding register until read by the processor.

Transmitter

The Transmitter accepts paralle! data from the processor,
converts it to a serial bit stream. inserts the appropriate
characters or bits (based on the communication tech-
nique) and outputs a composite serial stream of data on
the TxD output pin.

Modem Control

The modem control provides three cutput signals and
accepts three input signals used for “handshaking” and
status indication between the COM 2449 and a modem.
Five signals to and from the modem control are given
names that are in accordance with the RS-449 specifica-
tion. The signals, however, have an identical function
to the corresponding COM 2661 RS-232 compatible
signals and this correspondence is shown in Table 1.




SYN/DLE Control

This section contains control circuitry and three 8-bit
registers storing the SYN1, SYN2, and DLE characters
provided by the processor. These registers are used in
the synchronous mode of operation to provide the
characters required for synchronization, idle fill and

data transparency.

Interface Signals

The COM 2449 interface signals can be grouped into
two types: the processor-related signals (shown in Table
3) which interface the COM 24489 to the processor, and
the device-related signals (shown in Table 4), which are
used to interface to the communications equipment.

DESCRIPTION OF PIN FUNCTIONS
TABLE 3—PROCESSOR RELATED SIGNALS

PIN NO.

NAME

SYMBOL

FUNCTION

1,258,
7,8,9,10

Data

D7-DO

Bidirectional; 8 bit, three state data bus used to transfer commands, data and status
between the COM 2449 and a processor. DO is the least significant bit; D7 is the most
significant bit.

14,17,20

Address

A2,A1, AO

Input; Address lines used to select COM 2449 registers.

16

Chip Enable

CE

Input; when this signal is low, the operation specified by the R/W, A2, A1 and A0 will
be performed. When this input is high, D7-0 are in the high impedance state.

21

Read/Write

R/W

Input; Processor read/write direction control. This signal defines the direction of the
data bus D7-0 when the COM 2449 is selected. D7-0 drives out (read) when this signal
is low and accepts data input when this signal is high. The input only has meaning
when the CE input is active.

22

Receiver Ready

RxRDY

Output; This signal is the complement of Status Register 1, bit 1 (SR11). When low, it
indicates that the Receive Data Holding Register (RHR) has a character ready forinput
to the processor. It goes high when the RHR is read by the processor, and also when
the receiver is disabled. It is an open drain output which can be used as an interrupt
to the processor.

23

Transmitter
Ready

TxRDY

Output; This signal is the complement of Status Register 1, bit 0 (SR10). When low, it
indicates that the Transmit Data Holding Register (THR) is ready to accept a data
character from the processor. ltgoes high when the data character isloaded. This output
is valid only when the transmitter is enabled. It is an open drain output which can be
used as an interrupt to the processor.

25

Transmitter
empty/data
setchange

Output; This signal is the complement of Status Register 1, bit2 (SR12). When low, it
indicates that the transmitter has completed serialization of the last character loaded
by the processor, or that a change of state of the DM or RR inputs has occurred. This
signal aiso goes low if the SI, SB, SQ, TM or IC experience a change of state if the
corresponding input is enable for interrupt. Interrupt enable bits are located in the 3
most significant bits of Status Register 2 (SR2). This output goes high when Status
Register 1 is read by the processor, if the TXEMT condition does not exist. Otherwise,
the THR must be loaded by the processor for this line to go high. It isan open

drain output which can be used as an interrupt to the processor.

28

Reset

RESET

Input; A high on this input performs a master reset on the COM 2449. This signal
asynchronously terminates any device activity and clears the Mode, Command and
Status registers. The device assumes the idle state and remains there until initialized
with the appropriate control words.

33

Supply Voltage

Vee

—+5 volt supply.

Ground

GND

Ground.

TABLE 4— DEVICE RELATED SIGNALS

PIN NO.

NAME

SYMBOL

FUNCTION

Receive Data

RxD

Input: Serial data to the receiver. “Mark” is high, “space” is low.

11

tncoming Call

IC

Input: This general purpose signal can be used for “incoming call” status from the
DCE. Its complement appears in Status Register 2 bit 0 (SR20). When this input is
enabled for interrupt via Status Register 2 bit 5 (SR25), a change in its state will
cause a low output on TXEMT/DSCHG.

12

Test Mode

Input: This general purpose signal can be used for “test mode” status from the DCE.
Its complement appears in Status Register 2 bit 1 (SR21). When this input is enabled
for interrupt via Status Register 2, bit 6 (SR26) a change in its state will cause a low
output on TXEMT/D .

13

Signal Quality

Input: This general purpose signal can be used for “signal quality” status from the DCE.
Its complement appears in Status Register 2 bit 2 (SR22). When this input is enabled
for interrupt via Status Register 2 bit 7 (SR27) a change in its state will cause a low out-
put on TXEMT/DSCHG.
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TABLE 4—DEVICE RELATED SIGNALS (Cont’d)

PIN NO. NAME SYMBOL FUNCTION
15 Transmitter TxC/ | Input or Output: If the external transmitter clock is programmed, this input controls
Clock/External XSYNC | the rate at which the character is transmitted. Its frequency is 1X, 16X, or 64X the
Sync baud rate as programmed by mode Register 1. The transmitted data changes on the
falling edge of the clock. If the internal transmitter clock is programmed, this pin can
be a 1X/16X clock output or an external jam synchronization input.
18 Standby SB Input: This general purpose signal can be used for “standby indicator” status from
Indicator the DCE. Its complement appears in Status Register 2 bit 3 (SR23). When this input is
enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state will cause
) alow output on TXEMT/DSCHG.
19 Signalling Rate Si Input: This general purpose signal can be used for “signalling rate indicator” status
Indicator from the DCE. its complement appears in Status Register 2 bit 4 (SR24). When this
input is enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state
will cause a low output on TXEMT/DSCHG.

24 Clear to Send [ Input: This signal must be low in order for the transmitter to function. If it goes high

during transmission, the character in the Transmit Shift Register will be transmitted
“before terminatiori.

26 Transmit Data TxD Output: Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is
held in the “Mark” condition when the transmitter is disabled.

27 Baud Rate Clock | BRCLK | Input: Clock input to the internal baud rate generator (See Tables 2a, b, and c¢); not
required if the external receiver and transmitter clocks are used.

29 Data Mode DM Input: This general purpose signal can be used for Data Mode, Data Set Ready or Ring
Indicator condition. Its complement appears as Status Register 1 bit 7 (SR17). DM
causes a low output on TXEMT/DSCHG when its state changes if CR2 or CRO=1.

30 Request to Send RS Output: This general purpose signal is the complement of the Command Register
bit5 (CRS5). It is normally used to indicate Request to Send. If the Transmit Shift
Register is not empty when CRS5 is reset (1 to 0), then RS will go high on TxC time
after the last serial bit is transmitted.

31 Terminal Ready TR Output: This general purpose signal is the complement of the Command Register
bit 1 (CR1). It is normally used to indicate Terminal Ready.

32 Receive Clock/ RxC/ | Input or Output: If the external receiver clock is programmed, this input controls the

Break Detect BKDET | rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud
rate as programmed by Mode Register 1. Data are sampled on the rising edge of the
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock or a
break detect output.

34 Receiver Ready RR Input: This signal must be low in order for the receiver to function. The complement
appears in Status Register 1 bit 6 (SR16). RR causes a low output on TXEMT/DSCHG
when its state changes if CR2 or CRO=1. If RR goes high while receiving, the RxC is
internally inhibited.

35 New Signal NS Output: This signal is used to tell the DCE that a new line signai at the DTE
has occurred. This output will go to its low active state when the Output Register,
bit 0 (ORO0) is set to a logic 1. This output will go to its high inactive state when the
Output Register bit 0 (ORO0) is set to a logic 0 and the RR input goes high.

36 Locali Loopback T Output: This general purpose signal can be used to inform the DCE of a “local
loopback” test condition. It is the complement of Output Register bit 1 (OR1)
which has direct control over the state of this output.

37 Remote RL Qutput: This general purpose signal can be used to inform the DCE of a “remote

Loopback loopback” test condition. It is the complement of Output Register bit 2 (OR2)
which has direct control over the state of this output.
38 Select Standby S8 Output: This general nurpose signal can be used to select the normal or standby
communication facilities of the DCE. It is the complement of Output Register bit 3
(ORB3) which has direct control over the state of this output.
39 Select SF/SR | Output: This general purpose signal can be used as a combined “Select Frequency”
Frequency/ and “Signal Rate Select”. It is the complement of Output Register bit 4 (OR4)
Signal Rate which has direct control over the state of this output.
Select

40 Terminal in s Output: This general purpose signal can be used to inform the DCE of a
Service “Terminal in Service” condition. It is the complement of Output Register bit 5

(ORS5) which has direct control over the state of this output.
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Table 1 COM 2449 vs. COM 2661

Table 2a BAUD RATE GENERATOR CHARACTERISTICS
2449-1 (BRCLK=4.9152MHz)

The functional operation of the COM 2449 is programmed
by a set of control words supplied by the processor.
These control words specify items such as synchronous
or asynchronous mode, baud rate, number of bits per
character, etc. The programming procedure is described
in the COM 2449 Programming section of this data sheet.

After programming, the COM 2449 is ready to perform
the desired communications functions. The receiver
performs serial to parallel conversion of data received
from a modem or equivalent device. The transmitter
converts parallel data received from the processor to a
serial bit stream. These actions are accomplished within
the framework specified by the control words.

I/O SIGNAL NAME ACTUAL
NEW INPUTS NEW OUTPUTS EQUIVALENTS BAUD FREQUENCY PERCENT
[symbol]  Name  |Symbol Name COM 2449 COM 2661 MR23-20 RATE 16X CLOCK ERROR | DIVISOR
TC |incomingcall | NS  newsignal DM DSR ggg? gg oﬁsz z - 3&
5Q | signal quality IS terminal in service RR DCD 0010 110 1.7598 —0.01 2793
TM |testmode | SF/SR selectfrequency/ | CS  CTS N 1345 2% - oo
L_f signal rate seiect 0101 200 32 _ 1536
Si signaling rate T local loopback TR DTR 0110 300 48 — 1024
indicator o111 600 96 - 512
3B ‘L 1000 1050 16.8329 0.196 292
S standby select RL remote loopback RS RTS 1001 1200 192 S 256
SS  standby select 1010 1800 28.7438 —-0.19 171
1011 2000 31.9168 —0.26 154
1100 2400 384 — 128
1101 4800 76.8 — 64
1110 9600 1536 — 32
111 19200 307.2 — 16
Table 2b BAUD RATE GENERATOR CHARACTERISTICS Table 2c BAUD RATE CHARACTERISTICS
2449-2 (BRCLK =4.9152MHz) : 2449-3 (BRCLK =5.0688MH2)
ACTUAL ACTUAL
BAUD FREQUENCY | PERCENT BAUD FREQUENCY | PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 455 0.7279kHz 0.005 6752 0000 50 0.8kHz — 6336
0001 50 08 - 6144 0001 75 12 — 4224
0010 75 1.2 - 4096 0010 110 1.76 — 2880
0011 110 1.7598 —0.01 2793 0011 1345 2.1523 0.016 2355
0100 1345 2.152 - 2284 0100 150 24 — 2112
0101 150 24 — 2048 0101 300 48 — 1056
0110 - 300 48 - 1024 0110 600 9.6 —_ 528
o111 600 96 - 512 0111 1200 19.2 - 264
1000 1200 19.2 - 256 1000 1800 288 - 176
1001 1800 28.7438 -0.19 171 1001 2000 32.081 0.253 158
1010 2000 31.9168 —0.26 154 1010 2400 38.4 — 132
1011 2400 38.4 - 128 1011 3600 57.6 - 88
1100 4800 76.8 — 64 1100 4800 76.8 — 66
1101 9600 153.6 - 32 1101 7200 1152 - 44
1110 19200 307.2 - 16 1110 9600 153.6 - 33
1111 38400 614.4 —_ 8 1111 19200 316.8 3.125 16
NOTE:
16X clock is used in asy onous mode. In sy mode, clock ieris 1X and
BRG can be used only for TxC.
COM 2449 OPERATION

Receiver

The COM 2449 is conditioned to receive data when the
RR input is low and the RxEN bit in the command
register is true. In the asynchronous mode, the receiver
looks for a high to low (mark to space) transition of the
start bit on the RxD input line. If a transition is detected,
the state of the RxD line is sampled again after a delay of
one-half of a bit time. If RxD is now high, the search for
a valid start bit is begun again. If RxD is still low, a valid
start bit is assumed and the receiver continues to sample
the input line at one bit time intervals until the proper
number of data bits, the parity bit, and one stop bit have
been assembled. The data is then transferred to the
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Receive Data Holding Register, the RxRDY bit in the
status register is set, and the Rx output is asserted.
If the character length is less than 8 bits, the high order
unused bits in the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun Error status
bits are strobed into the status register on the positive
going edge of RxC corresponding to the received char-
acter boundary. If the stop bit is present, the receiver will
immediately begin its search for the next start bit. If the
stop bit is absent (framing error), the receiver will inter-
pret a space as a start bit if it persists into the next bit
time interval. If a break condition is detected (RxD is
low for the entire character as well as the stop bit), only
one character consisting of all zeros (with the Framing
error status bit set) will be transferred to the Holding
Register. The RxD input must return to a high condition
before a search for the next start bit begins.

Pin 25 can be programmed to be a break detect output
by appropriate setting of MR27-MR24. If s0, a detected
break will cause that pin to go high. When RxD returns to
mark for one RxC time, pin 25 will go low. Refer to th
break detection timing diagram. :

When the COM 2449 is initialized into the synchronous
mode, the receiver first enters the huntmodeona0to 1
transition of RXEN {CR2). In this mode, as data is shifted
into the Receiver Shift Register a bit at a time, the con-
tents of the register are compared to the contents of the
SYN1 register. If the two are not equal, the next bit is
shifted in and the comparison is repeated. When the two
registers match, the hunt mode is terminated and char-
acter assembly begins. If the single SYN operation is
programmed, the SYN'DETECT status bitis set. If double
SYN operation is programmed, the first character assem-
bled after SYN1 must be SYN2 in order for the SYN
DETECT bit to be set. Otherwise, the COM 2449 returns
to the hunt mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization). When syn-
chronization has been achieved, the COM 2449 con-
tinues to assemble characters and transfers them to the
Holding Register. The RxRDY status bit is set and the
RxRDY output is asserted each time a characteris assem-
bled and transferred to the Holding Register. The Overrun
error (OE) and Parity error (PE) status bits are set as
appropriate. Further receipt of the proper SYN sequence
sets the SYN DETECT status bit. If the SYN stripping
mode is commanded, SYN characters are not trans-
ferred to the Holding Register. Note that the SYN char-
acters used to establish initial synchronization are not
transferred to the Holding Register in any case.

External jam synchronization can be achieved via pin 15
by appropriate setting of MR27-MR24. When pin 15 is an
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE-
SYN1 detection is disabled. Each positive going signal
on XSYNC will cause the receiver to establish synchro-
nization on the rising edge of the next RxC pulse.
Character assembly will start with the RxD input at this
edge. XSYNC may be lowered on the next rising edge of
RxC. This external synchronization will cause the SYN
DETECT status bit to be set until the status register is
read. Refer to XSYNC timing diagram.

Transmitter

The COM 2449 is conditioned to transmit data when the
CS input is low and the TXEN command register bit is
set. The COM 2448 indicates to the processor that it can
accept a character for transmission by setting the
TxRDY status bit and asserting the TxRDY output. When
the processor writes a character into the Transmit Data
Holding Register, the TXRDY status bit is reset and the
TxRDY output is returned to a high (false) state. Data
is transferred from the Holding Register to the Transmit

Shift-Register when it is idle or has completed trans-
mission of the previous character. The TxRDY condi-
tions are then asserted again. Thus, one full character
time of buffering is provided.

In the asynchronous mode, the transmitter automatically
sends a start bit followed by the programmed number
of data bits, the least significant bit being sent first. It then
appends an optional odd or even parity bit and the pro-
grammed number of stop bits. If, following transmission
of the data bits, a new character is not available in the
Transmit Holding Register, the TxD output remains in
the marking (high) condition and the TXEMT/DSCHG
output and its corresponding status bit are asserted.
Transmission resumes when the processor loads a new
character into the Holding Register. The transmitter can
be forced to output a continuous low (BREAK) condi-
tion by setting the Send Break command bit high.

In the synchronous mode, when the COM 2449 is initially
conditioned to transmit, the TxD output remains highand
the TXRDY condition is asserted until the first character to
be transmitted (usually a SYN character) is loaded by the
processor. Subsequent to this, a continuous stream of
characters is transmitted. No extra bits (other than parity,
if commanded) are generated by the COM 2449 unless the
processor fails to send a new character to the COM 2449
by the time the transmitter has completed sending the
previous character. Since synchronous communication
does not allow gaps between characters, the COM 2449
asserts TxEMT and automatically “fills” the gap by
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1
doublets, depending on the state of MR16 and MR17.
Normal transmission of the message resumes when a new
character is available in the Transmit Data Holding
Register. If the SEND DLE bit in the command register is
true, the DLE character is automatically transmitted
prior to transmission of the message character in the
transmit holding register. '

COM 2449 PROGRAMMING

Prior to initiating data communications, the COM 2449
operational mode must be programmed by performing
write operations to the mode and command registers.
In addition, if synchronous operation is programmed,
the appropriate SYN/DLE registers must be loaded. The
COM 2449 can be reconfigured at any time during pro-
gram execution. A flow chart of the initialization process
appears in Figure 1.

The internal registers of the COM 2449 are accessed by
applying specific signals to the CE, R/W, A2, A1 and AD
inputs. The conditions necessary to address each register
are shown in Table 5. :

TABLE 5—COM 2449 REGISTER ADDRESSING

R/W FUNCTION

]
m
>
-
»
°

Tri-state data bus

Read receive holding register
Write transmit holding register
Read status register 1

Write SYN1/SYN2/DLE registers
Read mode registers 1 and 2
Write mode registers 1 and 2
Read command register
Write command register

Read output register

Write output register

Read status register2

Write status register 2

NOTE .
See AC Characteristics section for timing requirements.
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The SYN1, SYN2, and DLE registers are accessed by
performing write operations with the conditions A2=0,
A1=0, A0=1, and R/W=1. The first operation loads the
SYN1 register. The next loads the SYN2 register, and the
third loads the DLE register. Reading or loading the
mode registers is done in a similar manner. The first
write (or read) operation addresses Mode Register 1,
and a subsequent operation addresses Mode Register 2.
If more than the required number of accesses are made,
the internal sequencer recycles to point at the first
register. The pointers are reset to SYN1 Register and

- Mode Register 1 by a RESET input or by performing a
“Read Command Register” operation, but are unaffected
by any other read or write operation.

The COM 2449 register formats are summarized in
Tables 6, 7, 8, 9, 10 and 11. Mode Registers 1 and 2 define
the general operational characteristics of the COM 2449,
while the Command Register controls the operation
within this basic framework. The COM 2449 indicates its
status in the two Status Registers. The status registers are
cleared when a RESET input is applied.

MODE REGISTER 1 (MR1)

Table 6 illustrates Mode Register 1. Bits MR11 and MR10
select the communication format and Baud rate multi-
plier. 00 specifies synchronous mode and 1X multiplier.
1X, 16X, and 64X multipliers are programmable for
asynchronous format. However, the multiplier in asyn-
chronous format applies only if the external clock input
option is selected by MR24 or MR25.

MR13 and MR12 select a character length of 5,6, 7, or 8
bits. The character length does notinclude the parity bit,
if programmed, and does not include the start and stop
bits in asynchronous mode.

MR14 controls parity generation. If enabled, a parity bit
is added to the transmitted character and the receiver
performs a parity check on incoming data. MR15 selects
odd or even parity when parity is enabled by MR14,

In asynchronous mode, MR17 and MR16 select character

framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro-
grammed, 1.5, stop bits defaults to 1 stop bits on trans-
mit). In synchronous mode, MR17 controls the number
of SYN characters used to establish synchronization
and for character fill when the transmitter is idle. SYN1
alone is used if MR17=1, and SYN1-SYN2 is used when
MR17=0. If the transparent mode is specified by MR16,
DLE-SYNT1 is used for character fill and SYN Detect, but
the normal synchronization sequence is used. When
transmitting, a DLE character in the transmit holding
register wiil cause a second DLE character to be trans-
mitted. This DLE stuffing eliminates the software DLE
compare and stuff on each transparent mode data char-
acter. If the send DLE command (CR3) is active when a
DLE is loaded into THR, only one additional DLE will be
transmitted. Also DLE stripping and DLE Detect (with
MR14=0) are enabled.

TABLE 6—MODE REGISTER 1 (MR1)

MR1? MR18 MR1S MR14 MR1 MR12 MRM MR10
Sync/Asyne Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00=INVALID 0=0DD 0=DISABLED 00=5 BITS 00=SYNCHRONOUS 1X RATE
01=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE
10=1% STOP BITS 10=7 BITS 10=ASYNCHRONOUS 16X RATE
11=2 STOP BiTS 11=8 BITS 11=ASYNCHRONOUS 84X RATE
SYNCH: NUMBER SYNCH: TRANS-
OF SYN CHAR PARENCY CONTROL

0=DOUBLE SYN 0=NORMAL
1=SINGLE SYN 1=TRANSPARENT

NOTE Baud rate factor in asynchronous applies only if external ctock is setected. Factor is 15X if

internal clock is selected. Mode must be selected (MR11, MR10) in any case.

MODE REGISTER 2 (MR2)

Table 7 illustrates mode register 2 (MR23, MR22, MR21
and MR20 control the frequency of the internal baud rate
enerator (BRG). Sixteen rates are selectable for each
OM 2449 version (-1, -2, -3). Version 1 and 2 speci-
fy a 49152 MHz TTL input at BRCLK (pin 20); version
3 specifies a 5.0688 MHz input which is identical to the

COM 2651 and COM 2661-3. MR23-20 are don't cares if
external clocks are selected (MR25-24=0). The indi-
vidual rates are given in table 2a, b and c.

MR24-MR27 select the receive and transmit clock source
(either the BRG or an external input) and the function
at pins 15 and 32. Refer to table 7.

TABLE 7—MODE REGISTER 2 (MR2)

MR-27-MR24 MR23-MR20
TxC RxC Pin15 Pin32 TxC RxC Pin15 Pin32 Mode Baud Rate Selection

0000 E E TxC RxC 1000 E E XSYNC! RxC/TxC sync

0001 E | TxC 1X 1001 E | TxC BKDET async

0010 | E 1X RxC 1010 | E XSYNC' RxC sync

0011 ] 1 1x X omnm i i ix BKDET async See baud raies in iabie 2
0100 E E TxC RAxC 1100 E E XSYNC' RxC/TxC sync

0101 E 1 TxC 16X 1101 E | TxC BKDET async

0110 I E 16X RxC 1110 1 E XSYNC! RxC sync

ot I | 16X 16X 1111 [ I 16X BKDET async

NOTES E=External clock

1. When pin 15 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled.

I=Intemal clock (BRG)
1X and 16X are clock outputs
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COMMAND REGISTER (CR)

Table 8 illustrates the Command Register. Bits CRO (TxEN)
and CR2 (RxEN) enable or disable the transmitter and
receiver respectively. A 0 to 1 transition of CR2 forces
start bit search (async mode) or hunt mode (sync mode)
on the second RxC rising edge. Disabling the receiver
causes RxRDY to go high (inactive). If the transmitter is
disabled, it will complete the transmission of the character
in the Transmit Shift Register (if any) prior to terminat-
ing operation. The TxD output _will then remain in the
marking state (high while the TxRDY and TxEMT will
go high (inactive). If the receiver is disabled, it will termi-
nate operation immediately. Any character being assem-
bled will be neglected. Bits CR1 (TR) and CR5 (RS)
control the TR and RS outputs. Data at the outputs
are the logical complement of the register data.

In asynchronous mode, setting CR3 will force and hold
the TxD output low (spacing condition) at the end of the
current transmitted character. Normal operation resumes
when CR3 is cleared. The TxD line will go high for at least
one bit time before beginning transmission of the next
character in the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the transmission
of the DLE register contents prior to sending the char-
acter in the Transmit Data Holding Register. Since thisis
a one time command, CR3 does not have to be reset by
software. CR3 should be set when entering and exiting
transparent mode and for all DLE—non-DLE char-
acter sequences.

Setting CR4 causes the error flags in the Status Register 1
(SR13, SR14, and SR15) to be cleared. This is a one time
command. There is no internal latch for this bit. When
CR5 (RS) is set, the RS pin is forced low and the trans-
mit serial logic is enabled. A 1 to 0 transition of CR5 will
cause RS to go high (inactive) one TxC time after the
last serial bit has been transmitted (if the transmit shift
register was not empty).

The COM 2449 can operate in one of four sub-modes
within each major mode (synchronous or asynchronous).
The operational sub-mode is determined by CR7 and
CR6. CR7-CR6=00 is the normal mode, with the trans-
mitter and receiver operating independently in accor-
dance with the Mode and Status Register instructions.

In asynchronous mode, CR7-CR6=01 places the COM
2449 in the Automatic Echo mode. Clocked, regenerated
received data are automatically directed to the TxD line
while normal receiver operation continues. The receiver
must be enabled (CR2=1), but the transmitter need not
be enabled. Processor to receiver communications con-
tinue normally, but the processor to transmitter link
is disabled. Only the first character of a break condi-
tion is echoed. The TxD output will go high until the
next valid start is detected. The following conditions
are true while in Automatic Echo mode:

1. Data assembled by the receiver are automatically

placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

2. The transmitter is clocked by the receive clock.

3. TxRDY output=1.

4. The TXEMT/DSCHG pin will reflect only the data set
change condition.

5. The TXEN command (CRO0) is ignored.

In synchronous mode, CR7-CR6=01 places the COM
2449 in the Automatic SYN/DLE Stripping mode. The
exact action taken depends on the setting of bits MR17
and MR16:

1. In the non-transparent, single SYN mode (MR17-
MR16=10), characters in the data stream matching
SYN1 are not transferred to the Receive Data Holding
Register (RHR).

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching
SYN1, or SYN2 if immediately preceded by SYN1, are
not transferred to the RHR.

3. In transparent mode (MR16=1), characters in the
data stream matching DLE, or SYN1 if immediately
preceded by DLE, are not transferred to the RHR.
However, only the first DLE of a DLE-DLE pair is
stripped.

Note that Automatic Stripping mode does not affect the
setting of the DLE Detect and SYN Detect status bits
(SR13 and SR15).

Two diagnostic sub-modes can also be configured. In
Local Loop Back mode (CR7-CR6=10), the following
loops are connected internally:

1. The transmitter output is connected to the receiver
Input. _ __ _

2. TR is connected to RR and RS is connected to CS.

3. The receiver is clocked by the transmit clock.

4. The TR, RS and TxD outputs are held high.

5. The CS, RR, DM and RxD inputs are ignored.

Additional requirements to operate in the Local Loop
Back mode are that CRO (TxEN), CR1 (TR), and CR5
(RS) must be set to 1. CR2 (RxEN) is ignored by the
COM 2448.

The second diagnostic mode is the Remote Loop Back
mode (CR7-CR6=11). In this mode:

1. Data assembled by the receiver is automatically
placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

. The transmitter is clocked by the receive clock.

. No data are sent to the local processor, but the error
status conditions (PE, OE, FE) are set.

. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are
held high.

. CR1 (TxEN) is ignored.

6. All other signals operate normally.

g A~ WN

CR7 ] CR6 CR5 CRa CR3 CR2 CR1 CRO
Operating Mode Requestio Reset Error Sync/Async CO,:::?,:EN) T;:ZTI Contrel ?Y'::REN)
_ ASYNCH:
00=NORMAL OPERATION 0=FORCE RS 0=NORMAL FORCE BREAK
01=ASYNCH: AUTOMATIC OUTPUT HIGH | 1=RESET 0=NORMAL 0=DISABLE 0=FORCE TR 0=DISABLE
ECHO MODE ONE CLOCK ERROR FLAG 1=FORCE 1=ENABLE OUTPUT HIGH | 1=ENABLE
SYNCH: SYN AND/OR TIME AFTER IN STATUS BREAK 1=FORCE TR
DLE STRIPPING MODE TxSR SERIAL- | (FE, OE, OUTPUT LOW
IZATION SYNCH:
10=LOCAL LOOP BACK 1=FORCE RS PE/DLE DETECT) SEND DLE
REMOTE LOOP BACK OUTPUT LOW 0=NORMAL
1=SEND DLE

TABLE 8— COMMAND REGISTER (CR)
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STATUS REGISTER 1 (SR1)

The data contained in the Status Register 1 (as shown in
Table 9) indicate receiver and transmitter conditions and
modem/data set status.

SR10 is the Transmitter Ready (TxRDY) status bit. It,and
its corresponding output, are valid only when the trans-
mitter is enabled. If equal to 0, it indicates that the
Transmit Data Holding Register has been loaded by the
processor and the data has not been transferred to the
Transmit Shift Register. If set equal to 1, it indicates that
the Holding Register is ready to accept data from the
processor. This bit is initially set when the Transmitter
is enabled by CRO, unless a character has previously
been loaded into the Hoiding Register. it is not set when
the Automatic Echo or Remote Loop Back modes are
programmed. When this bit is set, the TXRDY output pin
is low. In the Automatic Echo and Remote Loop Back
modes, the output is held high.

SR11, the Receiver Ready (RxRDY) status bit, indicates
the condition of the Receive Data Holding Register. If set,it
indicates that a character has been loaded into the
Holding Register from the Receive Shift Register and is
ready to be read by the processor. If equal to zero, there
is no new character in the Holding Register. This bit is
cleared when the processor reads the Receive Data
Holding Register or when the receiver is disabled by CR2.
When set, the RxRDY output is low.

The TXEMT/DSCHG bit, SR12, when set, indicates a
change of state of the DM or RR inputs (when CR2 or
CRO = 1), the SI, SB, SQ, TM or IC inputs (when
SR25, SR26, or SR27=1) or that the Transmit Shift
Register has completed transmission of a character
and no new character has been loaded into the Transmit
Data Holding Register. Note that in synchronous mode
this bit will be set even though the appropriate “fill”
character is transmitted. TXEMT will not go active until
at least one character has been transmitted. It is cieared
by loading the Transmit Data Holding Register. The
DSCHG condition is enabled when TXEN=1 or RXEN=1.

It is cleared when status register 1 is read by the
processor. If status register 1 is read twice and SR12=1
while SR16 and SR17 remain unchanged, then a TXEMT
condition exists. When SR12 is set, the TXEMT/DSCHG
output is low.

SR13, when set, indicates a received parity error when
parity is enabied by MR14. in synchronous transparent
mode (MR16=1), with parity disabled, it indicates that
a character matching the DLE Register has been received,
and the present character is neither SYN1 nor DLE. This
bit is cleared when the next character following the
above sequence is loaded into the Receive Data Holding
Register, when the receiver is disabied, or by a reset
error command, CR4.

The Overrun Error status bit, SR14, indicates that the
previous character loaded into the Receive Holding
Register was not read by the processor at the timea new
received character was transferred into it. This bit is
cleared when the receiver is disabled and by the Reset
Error command, CR4.

In asynchronous mode, bit SR15 signifies that the re-
ceived character was not framed by a stop bit, i.e., only
the first stop bit is checked. If the RHR contains all
0's when SR15=1, a break condition is present. In syn-
chronous non-transparent mode (MR16=0), it indicates
receipt of the SYN1 character in single SYN mode or the
SYN1-SYN2 pair in double SYN mode. In synchraonous
transparent mode (MR16=1), this bit is set upon detec-
tion of the initial synchronizing characters (SYN1 or
SYN1-SYN2) and, after synchronization has been
achieved, when a DLE-SYN1 pair is received. The bit is
reset when the receiver is disabled, when the Reset Error
command is given in asynchronous mode, or when
Status Register 1 is read by the processor in the syn-
chronous mode.

SR16 and SR17 reflect the conditions of the RR and DM
inputs respectively. A low input sets the corresponding
status bit and a high input clears it.

SR17

SR16

SR15

SR14

SR13

SR12

SAN

SR10

DETECTED

ERROR
OR

DLE CHAR

RECEIVED

Data Mode Recelver Ready | FE/SYN Detect Overrun PE/DLE Detoct | TxEMT/DSCHG RxADY TxRDY
0=0M INPUT 0=RR INPUT ASYNCH: 0=NORMAL ASYNCH: 0=NORMAL 0=RECEIVE 0=TRANSMIT
1S HIGH 1S HIGH _ 1=OVERRUN - 1=CHANGE HOLDING REG | HOLDING

1=DMINPUT | 1=RRINPUT | STNORMAL ERROR JoponmaL iN DSR OR EMPTY REG BUSY
1S LOW 1S LOW " ERROR ERROR BCD. OR 1=RECEIVE 1=TRANSMIT
TRANSMIT HOLDING REG | HOLDING
SYNCH: SYNCH: SHIFT REGIS- | HAS DATA REG EMPTY
0=NORMAL 0=NORMAL TER IS
1=SYN CHAR 1=PARITY EMPTY

TABLE 9—STATUS REGISTER 1 (SR1)
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STATUS REGISTER 2 (SR2)

The Data contained in the 5 least significant bits (SR20
to SR24) reflect the conditions of the IC, TM, 5Q, SB
and Sl inputs respectively. A low input sets the corre-
sponding status bit high and a high input clears the
corresponding status bit low. These 5 bits or read only.

The three most significant bits (SR25 to SR27) allow
interrupts to be enabled on the 5 inputs reflected in
SR20 to SR24.

Setting SR25 enables an interrupt to occur when the IC

input signal experiences a change of state. Setting SR26
enables an interrupt to occur when the TM input signal
experiences a change of state. Setting SR27 enables an
interrupt to occur when the SQ, SI, or SB input signals
experience a change of state. All interrupts enabled in
these 3 bits will be reflected in the DSCHG/TXEMT output
signal and its corresponding status bit (SR12). These 3
bits can be read as well as written according to Table
5. Table 10illustrates bit assignments of Status Register 2.

SR27 SR26 SR25 SR24 SR23 SR22 SR21 SR20
Interrupt Interrupt Interrupt Signal Rate Standby Signal Test incoming
Enable 1 Enable 2 Enable 3 Indication Indicator Quality Mode cal

1=INTERRUPT 1=INTERRUPT 1=INTERRUPT 0=8T INPUT 0=8B INPUT 0=35Q INPUT 0=TM INPUT 0=IC INPUT
ON 8Q, SI, SB ON TM STATE ON IC STATE 1S HIGH 1S HIGH 1S HIGH IS HIGH IS HIGH
STATE CHANGE CHANGE 1=81 INPUT 1=SB INPUT 1=8Q INPUT 1=TM INPUT 1=1C INPUT
CHANGE IS LOW 1S LOW IS LOW 1S LOW 1S LOW

TABLE 10—STATUS REGISTER 2 (SR2)

OUTPUT REGISTER (OR)

This 6 bit read write register (OR5-OR0) controls the 6
new output signals added to the_COM?2449. OR5-1
directly control the state of the IS, SF/SR, SS, RL, and
LL respectively.

ORO when set to a logic 1 will cause the NS output to
become low. When ORO is set to a logic 0 the NS output
will not change until the RR input goes high.

Table 11 illustrates bit positions of the Output Register.

OR7 OR6 OR5 OR4 OR3 OR2 OR1 ORO
Select
Terminal Frequency/ Select Remote Local New
in service Signal rate Loop Loopback Signal
select
DON'T DON'T 0=IS OUTPUT | 0=8F/SROUTPUT | 0=8S OUTPUT | 0=RL OUTPUT | 0=LL OUTPUT 0=NS OUTPUT GOES
CARE CARE GOES HIGH HIGH HIG GOES HIGH GOES HIGH HIGH ONLY WHEN
1=iS OUTPUT | 1=SF/SR OUTPUT | 1=55 OUTPUT 1=RL OUTPUT 1=LL OUTPUT RRAINPUT GOES HIGH
GOES LOW Low GOES LOW GOES LOW 1=NS OUTPUT GOES
Low

TABLE 11—-OUTPUT REGISTER (OR)
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SYNCHRONOUS MODE

ASYNCHRONOUS MODE

TxC (IX) | I I

142,394, 5

1|2|31415

1921354,5

142,3;74,5

194293 44]5

r
TxD

DATA 1

DATA 2

DATA 3

SYN 1

DATA 4

TxEN I

< TxRDY

TXEMT
CEFOR ™
WRITE U?
OF THR
\

1 2.3|4l5

B C A IJZ

l314l5 B C

1124

DATA 1

DATA 2

—_—— -

DATA 4

(OISR [ —

< TXRDY r I I\
TXEMT \
CE FOR
i 1Y 7
\ OF THR
DATA 1 DATA 2 DATA 3 DATA 4

(pJuod) SWVHODVIA DNIWIL
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SYNCHRONOUS MODE

ASYNCHRONOUS MODE

11121344 185313243

LY

154 14213,4)541421334,541,2y3§4y5,142,;3,4,;5¢

DATA 1

[

DATA 2

DATA 3 ] DATA 4 I DATA S I

rR,D HEZE

| 1 [
< Lt

IGNORED

RxEN I

SYNDET
STATUS BIT !
T
l &
RxADY \
= u 5 R >~y ~| | U
READ \ L:
READ READ READ READ READ READ
\. STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
( D
- A1) 2334518 )C A 15234 5| BjC)—)Dy— A4 1}12)3]4)65B)JC A}1]2]3}
RxD DATA 1 DATA 2 I DATA 3 DATA 4
1
]
RxEN I
i
]
R*RDY 1
RxRDY '
OVERRUN
STATUS BIT
L'c“E' FOR
READ
READ READ
RHR RHR
NOTES (DATA 1) (DATA 3)
A  Startbit
B Stopbit1
C Stopbit2

D TxDmarking condition

SECTION I

(Pauod) SWVHOVIA ONINIL



TIMING DIAGRAMS (Contd)

RESET CLOCK
~— tBRH tgRL —=]
|t 1R/ TH = R/ T ]
RESET ,—'j /_\—
[
RES BRCLK. TxC. RxC —/ \-—/
1igra
Vitgr
TRANSMIT RECEIVE
1 BIT TIME
{1, 16, OR 64 CLOCK PERIODS) _'
TxC.
(INPUT)
—_——— r——
_——— RxD
%0 \-—_'___—_—I___l_.___-ll\—_
e e e e _ [ RXS RXH |
bl RxC (1X)
tres
TxC
{OUTPUT)

READ AND WRITE

i tce

R S

tap —

EXTERNAL SYNCHRONIZATION WITH XSYNC

Jiuyuururt

1X RxC
t.» | tes = XSYNC SETUP TIME=300ns
I—_'— t, =XSYNC HOLD TIME = ONE RxC
XSYNC ]
— b e

RxD nnnnn

Vv
CHARACTER ASSEMBLY

S SN a Wy
AW ¥ .
—— ——————— BREAK DETECTION TIMING
tes - ton—| |
P Rx CHARACTER=>5 BITS, NO PARITY
i C D
E +
{ LN | SRR RaCl8 ) )
|—ips—] 'bH i 1) LooKFOR START BIT=LOWIIF RxD IS HIGH ]
H LOOK FOR HIGH TO LOW TRANSITION)  §
RxD = FALSE START BIT CHECK MADE (RxD LOW) |
Ly Ay Not patavaup| Y BusFLOATING ! L A’ -
: s N VaiiD ¥ SING STOP BIT —2 J 1
—1 1ST DATA BIT
oo "‘:I =1 'or SET FE BIT* A MISSING STOP BIT DETECTED,
SET FE BIT.
0--RHR, ACTIVATE RxRDY.
SET BKDET PIN.
NOTE RxD INPUT ~RxSR UNTIL A MARK
*If the stop bit is present, the start bit TO SPACE TRANSITION OCCURS.
search will i
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ... ... ..ouit it 0°Cto +70°C
Storage Temperature RaNGe .. .........oouinii i —55°Cto +150°C
Lead Temperature (SOIJering, 10 S8C.) ... ...ttt ettt i s et +325°C
Positive Voltage onany Pin, with respecttoground ............ ... +18.0V
Negative Voltage on any Pin, with respecttoground ... P -0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or at any other condition above those indicated in the operational sections of this
specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum

Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their

outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the

DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when

the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

=
DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vcc=5.0V 5% ?_‘
w
PARAMETER MIN TYP MAX UNIT TEST CONDITIONS &
input voltage
Vi Low 0.8 v
Vi High 2.0
Output voltage
Voo Low 04 \" lo.=2.2mA
Vou High 2.4 lor=—400uA
I Input leakage current 10 HA Vin=0 to 5.5V
Output leakage current
I Data bus high 10 uA Vo=4.0V
[ Data bus low 10 LA Vo=0.45V
lec Power supply current 150 mA
Capacitance
Cin Input 20 pF fc=1MHz
Cour Output 20 pF Unmeasured pins tied
Cio Input/Output 20 pF to ground
AC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vcc=5.0V £5%
PARAMETER MIN TYP MAX UNIT TEST CONDITIONS '
Pulse width ’
tres Reset 1000 ns
tce Chip enable 250 ns
Setup and hold time
tas Address setup 10 ns
tan Address hold 10 ns
tcs R/W control sétup 10 ns
ten R/W control hold 10 ns
tos Data setup for write 150 ns
tom Data hold for write 0 ns
trxs E Rx data setup 300 ns
taxn Rx data hold 350 ns
too Data delay time for read 200 ns C.=150pF
tor Data bus floating time . :
_ for read 100 ns C.=150pF
tceo CE to CE delay 600 ns .
Input clock frequency
fere Baud rate generator - 1.0 4.9152 4.9202 MHz
(2449-1, -2) .
fere Baud rate generator 1.0 5.0688 5.0738 MHz
__(2449-3)
fat TxC or RxC dc 10 MHz
Clock width
tamn Baud rate high 75 ferc=4.915MHz; measured
(24491, -2) at Vin
tarn Baud rate high 70 fere=5.0688MHz; measured
(2449-3) at Vin
ten Baud rate low . 75 fsra=4.915MHz; measured
(2449-1, -2) at Vi
terL Baud rate low 70 fera=5.0688MHz; measured
—_(2449-3) at Vi
tawn TxC or RxC high 480 ns
tr1L TXC or RxC low 480 ns
tmo TxD delay from falling
edge of TxC 650 ns C.=150pF
tres Skew between TxD
changing and falling ) : o
edge of TxC output 0 ns C(=150pF

NOTE:
1. a1 and trm shown all modes except Local Loopback. For Local Loopback mode
fr1=0.7MHz and ta7.=700ns min.
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TYPICAL APPLICATIONS

SYNCHRONOUS INTERFACE
TO TERMINAL OR
PERIPHERAL DEVICE

ASYNCHRONOUS INTERFACE
TO CRT TERMINAL

\ ADDRESS BUS ] e ADDRESS BUS {

S I , Ll \
1
. oA )

.
IJE! jjEgY

DATA BUS \

| B |
ao = aatorn Ll
. G ol ——
COM 2449 ™ | I | COM 2449 [+ svNcHRONOUS
el OR PERIPHERAL
(=
oACLK CSCHLATOR TERMRAL
ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE
TO TELEPHONE LINES TO TELEPHONE LINES
l rmoﬂsss BUS i . l ' ADDRESS BUS [
ﬁ l l I CONTROL BUS \ [LJ' I I CONTROL BUS 3
( DATA BUS \ § DATA BUS {
RxD & RxD g
™o -¢ 0 > -t
L SN oy T |— ey
TR ] it Ha 7€ fe ITER-
COM 2449 ©s pe COM 2449 R pw—- u%'é'é;n
7S p—> & o
7 pe— + = p—| *
B [O-t—o
BRCLK 5.0688 MHz t TR O 1
OSCILLATOR TELEPHONE TELEPHONE
LINE LINE

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions, consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is betieved to be entirely reliable. However, no responsibility is
35 Marcus B, assumed for inaccuracies. Furthermore, such information does notconvey to the purchaser of the semiconductor

(516)273-3100 TWX-5 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
We keep ahead Of our competition S0 you can keep ahead of at any time in order to improve design and supply the best product possible.
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ARD MICROSYSTEMS
CORPORATION Com2601
:

Universal Synchronous Receiver/Transmitter
USRT

FEATURES PIN CONFIGURATION

=
[=]
[OSTR, BSC—Bi-sync and interleaved bi-sync < 5
modes of operation Voo ( 1 407 POE %
R TBMT [ 2 a9 cs
I Fully Programmable —data word length, parity 1s0 ] 3 38[J NDB1
mode, receiver sync character, transmitter Gnd [ 4 a7 neB
sCT s 36 [] NDB2
sync character : Voo [ 6 hos g RD1
OO Fult or Half Duplex Operation— can receive and oo 3 4 o T
transmit simultaneously at different baud rates DB3 E 9 32{] rD4
0 Fully Double Buffered —eliminates need for gg; { :‘1) 2; % 232 ‘
precise external timing o6 12 290 roO7
R . oB7 []13 28 [] RD8
[ Directly TTL Compatible — no interface D:: E 1 270 ROR
h . ; 15 26 [J RDA
components required ae = a RDA
[ Tri-State Data Outputs — bus structure oriented SCR {17 247 RDAR
Tss ] 18 23] RcP
0 1BM Compatible—internally generated SCR TcP [J 19 22[] Rsi
and SCT signals o8 420 2 1 Ass
[JHigh Speed Operation — 250K baud, 200ns PACKAGE: 40-Pin D.I.P.
strobes

0 Low Power—300mW
O Input Protected — eliminates handling problems

FUNCTIONAL BLOCK DIAGRAM

[0 Dip Package —easy board insertion DB8 DB7 DB6 DBS DB4 DB3 DB2 DB
DA A A
APPLICATIONS {;"” Bus 1L
[ Bi-Sync Communications 20 TRANSMITTER| | TRANSMITTER 18
DS DATA SYNC TSS
D Cassette |/o REGISTER REGISTER
O Floppy Disk I/0
TIMING MULTIPLEXER
Tcp4 2y AND
GENERAL DESCRIPTION Tewr (2 FoAE
scT '_5___ MITTER TRANSMITTER 3 TSO
The Universal Synchronous Receiver/ Transmitter b T STIFTREGISTER
isan MOS/LSI monolithic circuit that performs all 1
th ivingandt itting functi NoB1 =9
ereceiving and transmitting functions Nog2 E‘g_*. CONTROL
associated with synchronous (STR, BSC, B_n-sync, o 4323 RECISTER RECEWVER | 21] oos
and interleaved bi-sync) data communications. | REGISTER
This circuit is fabricated using SMC’s P-channel 15 l
Iovs( voltage oxide-nitride technology, allowing R :_g NG
all inputs and outputs to be directly TTL SCR *ie] AND oL COMPARATOR
compatible. The duplex mode, baud rate, data ROR E% RECEIVER
word length, parity mode, receiver sync character,
and transmitter sync character are independently
programmable through the use of external
controls. The USR/T is fully double buffered and ,
s . —1 v
lntzrnally gheneralt’test the syx_'nt(t; cdhqract[er r1t_3t<]:e|ved roE +25 CEER BULten mEoToTER sl vee
and sync character transmitted signals. These i T TRt G

programmable features provide the user with the
ability to interface with all synchronous peripherals.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL NAME FUNCTION
1 Vee Power Supply " +5 volt Supply
2 TBMT Transmitter This output is at a high-level when the transmitter data
Buffer Empty buffer register may be loaded with new data.
3 TSO Transmitter This output serially provides the entire transmitted
Serial Output character. This character is extracted from the transmitter
data buffer register provided that a TDS pulse occursduring
the presently transmitted character. If TDS is not pulsed,
the next transmitted character will be extracted from the
transmitter sync register.
4 GND Ground Ground
5 SCT Sync Character This output is set high when the character loaded into the
Transmitted transmitter shift register is extracted from the transmitter
sync register, indicating that the TDS was not pulsed during
the previously transmitted character. This output is reset
low when the character to be transmitted is extracted from
the transmitter data buffer register. This can only occur if
TDS is pulsed.
6 Vop Power Supply —12 volt Supply

7-14 DB1-DB8

Data Bus Inputs

This 8 bit bus inputs information into the receiver sync
register under control of the RSS strobe, into thetransmitter
sync register under control of the TSS strobe, and into the
transmitter data buffer register under control of the TDS
strobe. The strobes operate independently of each other.
Unused bus inputs may be in either logic state. The LSB
should always be placed on DB1.

15 RR

Receiver Reset

This input should be pulsed to a high-level after power
turn-on. This resets the RDA, SCR, ROR, and RPE outputs
to a low-level. The transition of the RR input from a high-
level to a low-level sets the receiver into the search mode
(bit phase). In the search mode the serially received data bit
stream is examined on a bit by bit basis untilasynccharacter
is found. A sync character is found, by definition, when the
contents of the receiver sync register and the receiver

shift register are identical. When this occurs the SCR output
is set high. This character is then loaded into the receiver
buffer register and the receiver is set into the character
mode. In this mode each character received is loaded into
the receiver buffer register.

16 RPE

Receiver
Parity Error

This output is a high-level if the received character parity
bit does not agree with the selected parity.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL NAME FUNCTION
17 SCR Sync Character This output is set high each time the character loaded into
Received the receiver buffer register is identical to the character in
the receiver sync register. This output is reset low the next
time the receiver buffer register is loaded with a character
which is not a sync character.
18 TSS Transmitter Sync A high-level input strobe loads the character on the DB1-
Strobe DB8 lines into the transmitter sync register.

19 TCP Transmitter Clock The positive going edge of this clock shifts data out of

. the transmitter shift register, at a baud rate equal to the
TCP clock frequency.

20 TDS Transmitter Data A high-level input strobe loads the character on the DB1-
Buffer Strobe DB8 lines into the transmitter data buffer register.

21 RSS Receiver Sync A high-level input strobe loads the character on the DB1-
Strobe DB8 lines into the receiver sync register.

22 RSI Receiver Serial Input  This input accepts the serial bit input stream.

23 RCP Receiver Clock The negative-going edge of this clock shifts data into the
receiver shift register, at a baud rate equal to the RCP
clock frequency.

24 RDAR Receiver Data A high-level input resets the RDA output to a low-level.

Available Reset
25 RDE Received Data A high-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register
26 RDA Receiver Data This output is at a high-level when an entire character has
Available been received and transferred into the receiver buffer
register.
27 ROR Receiver Over- This output is at a high-level if the previously received
Run character is not read (RDA not reset) before the present
character is transferred into the receiver buffer register.
28-35 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE.
Output Unused data output lines, as selected by NDB1 and NDB2,
have a low level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 output.
36,38 NDB2, Number of Data These 2 inputs are internally decoded to select either5,6,7,
NDB1 Bits or 8 data bits/character as per the following truth table:

NDB2 NDB1 data bits/character
L L 5
L H 6
H L 7
H H 8
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL NAME FUNCTION

37 NPB No Parity Bit A high-level input eliminates the parity bit from being
transmitted. In addition, it is necessary that the received
character contain no parity bit. Also, the RPE output is
forced to a low-level. See pin 40, POE.

39 CS Control Strobe A high-level input enters the control bits (NDB1, NDB2,
POE, and NPB) into the control bits register. This line may
be strobed or hard wired to a high-level.

40 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB

Select input, determines the parity mode for both the reciever and
transmitter, as per the following table:
NPB POE MODE
L L odd parity
L H even parity
H X no parity
X =don’tcare
ADDITIONAL TIMING INFORMATION
(Typical Propagation Delays)
Transmitter
Vi
TCP
OUTPUT Tepo Teps UNITS
R — ToMT N 20 s
ouTPUT i \!K xzt‘ 150 0 1o
N e -
<————TPDO———‘1
TeD
Receiver
RCP
Vie N
QUTPUT Teoo Tepi UNITS
RDA NA 1.0 HS
v v s ——— ROR 2.0 .
OUTPUT =, /eVOH_' RPE 20 5 "
—t e - RDS‘EF?DB gg gg Z:
TpDO
TeD1
2us 2us.
RCP r——
@ 250KHz I l
1.548
S R T
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ...... ..ottt iiiiiiinereineeenrnnnanns 0°Cto +70°C
Storage TemperatureRange ............c.ccevevenn... —55°Cto +150°C
Lead Temperature (soldering, 10sec.) ...............

Positive Voltage on any Pin, VoC ... iiiiii ittt it tieieeienieneennnnnnaenns

Negative Voltage on any Pin, VeC .. vuvniiiiiiiiniiiii i teiienneernreneanannannnns

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc = +5V 5%, Voo = —12V 5%, unless otherwise noted)

Parameter Min Typ Max Unit Conditions %
=
(&)
D.C. CHARACTERISTICS P
INPUT VOLTAGE LEVELS :
Low-level, ViL Vop 08 \Y
High-level, Vin Vce-1.5 Vce \
OUTPUT VOLTAGE LEVELS
Low-level, VoL 0.2 04 V  loL=16mA
High-level, Von 24 40 V  loH=—100uA
INPUT CURRENT
Low-level, lic ) : 1.6 mA see note 1
OUTPUT CURRENT
Leakage, ILo -1 MA  RDE=Vi, O <Vour <+5V
Short circuit, los*™* . 10 mA  Vout =0V
INPUT CAPACITANCE
All inputs, CIN 5 10 pf Vin=Vcc, f=1MHz
OUTPUT CAPACITANCE
Ali outputs, Cout 10 20 pf Roe=Vi, f=1MHz
POWER SUPPLY CURRENT
:gg gg mﬁ} All outputs = Von
A.C. CHARACTERISTICS Ta=+25°C
CLOCK FREQUENCY DC 250 KHz RCP,TCP
PULSE WIDTH
Clock 1 us RCP, TCP
Receiver reset 1 : us RR
Control strobe 200 ns CS
Transmitter data strobe 200 ns TDS
Transmitter sync strobe 200 ns TSS
Receiver sync strobe 200 ns RSS
Receiver data available
reset 200 ns RDAR
INPUT SET-UP TIME
Data bits >0 ns DB1-DB8
Control bits >0 ns NPB,NDB2,NDB1, POE
INPUT HOLD TIME
Data bits >0 ns DBi1-DB8
Control bits >0 ns NPB,NDB2, NDB1, POE
STROBE TO OUTPUT DELAY Load =20pf +1 TTL input
Receive data enable 180 250 ns RDE: Trp1, Troo
OUTPUT DISABLE DELAY 100 250 ns RDE

**Not more than one output should be shorted at a time.

NOTES:
1. Under steady state condition no current flows for TTL or MOS interfacing. A switching current of 1.6 mA
maximum flows during a transition of the input.
2. The three-state output has 3 states:
1) low impedance to Vcc
2) low impedance to GND
3) high impedance OFF == 10M ohms
The OFF state is controlled by the RDE input.
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DESCRIPTION OF OPERATION —RECEIVER/TRANSMITTER

The input clock frequency for the receiver is set at
the desired receiver baud rate and the desired
receiver sync character (synchronous idle charac-
ter) is loaded into the receiver sync register. When
the Receiver Reset input transitions from a high-
level to a low-level the receiver is set into the search
mode (bit phase). In the search mode the serially
received data bit stream is examined on a bit by bit
basis until a sync character is found. A sync charac-
ter is found, by definition, when the contents of the
receiver sync register and the receiver shift register
are identical. When this occurs the Sync Character
Received output is set high. This character is then
loaded into the receiver buffer register and the
receiver is set into the character mode. In this mode
each character received is loaded into the receiver
buffer register. The receiver provides flags for Re-
ceiver Data Available, Receiver Over Run, Receiver
Parity Error, and Sync Character Received. Full
double buffering eliminates the need for precise
external timing by allowing one full character time
for received data to be read out.

The input clock frequency for the transmitter is set

at the desired baud rate and the desired transmitter
sync character is loaded into the transmitter sync
register. internal logic decides if the character to be
transmitted out of the transmitter shift register is
extracted from the transmitter data register or the
transmitter sync register. The next character trans-
mitted is extracted from the transmitter data register
provided that a Transmitter Data Strobe pulse
occurs during the presently transmitted character.
If the Transmitter Data Strobe is not pulsed, the next
transmitted character is extracted from the trans-
mitter sync register and the Sync Character Trans-
mitted output is set to ahighlevel. Fulldouble buffer-
ing eliminates the need for precise externaltiming by
allowing one full character time to load the next
character to be transmitted.

There may be 5, 6, 7, or 8 data bits and odd/even
or no parity bit. All inputs and outputs are directly
TTL compatible. Tri-state data output levels are
provided . for the bus structure oriented signals.
Input strobe widths of 200ns, output propagation
delays of 250ns, and receiver/transmitter rates of
250K baud are achieved.

FLOW CHART — TRANSMITTER

TURN POWER ON
SET CONTROL BITS —PULSE CS

SELECT BAUD RATE—TCP

SET SYNC CHARACTER ONTO THE DATA BUS —PULSE TSS

——'{ TRANSMIT 1 BIT

HAS
A FULL CHARACTER
BEEN TRA;‘JSMITTED

SET DATA BITS ONTO
DATA BUS—PULSE TDS [
TBMT =0

SET SYNC CHARACTER
ONTO DATA BUS— —
PULSE TSS

LOAD TRANSMITTER SHIFT
REGISTER FROM TRANSMITTER
gATA REGISTER

TBMT —1

LOAD TRANSMITTER SHIFT
REGISTER FROM TRANSMITTER
gVNC REGISTER

!

+
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FLOW CHART—RECEIVER

TURN POWER ON

SELECT CONTROL BITS—PULSE CS

SET RECEIVER SYNC CHARACTER ONTO DATA BUS —PULSE RSS

PULSE RR—SETS RECEIVER INTO SEARCH MODE, RDA = ROR = RPE = SCR =0

L SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER ]

DO THE
CONTENTS OF THE
RECEIVER SHIFT REGISTER
COMPARE TO THE CONTENTS

OF THE RECEIVER
SYNC REGISTEH

SET THE RECEIVER INTO THE CHARACTER MODE
SCR=1

LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER—RDA = 1
EXAMINE QUTPUTS, PULSE RDAR, ADA =0
iF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS—PULSE RSS

SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER ]

HAS
A COMPLETE CHARACTER
BEEN HECE!VED

DOTHE
CONTENTS OF THE
RECEIVER SHIFT REGISTER
COMPARE TO THE CONTENTS
OF THE RECEIVER
SYNC REGISTER

SETSCR=1 SETSCR=0

HAS
THE PROPER
SETRPE=0 PARITY BIT SETRPE =1
BEEN RECEIVED
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The transmitter shift register is in order to avoid an ROR The ROR, RPE, SCR and RD1-
loaded with the next character indication the leading edge of RD8 outputs are set to their

at the positive clock transition the RDAR pulse should occur correct levels approximately
corresponding to the leading at least one microsecond prior two microseconds after the
edge of the last bit of the to the negative clock transition negative clock transition
current character on the TSO corresponding to the center corresponding to the center of
output. TBMT is set high of the first bit after the last data the first bit after the last data
approximately two microsec- bit on the RSl input. bit on the RS| input. The RDA
onds after this clock transition. output is set high at the next
Ifitis desired that the next : negative clock transition.
character be extracted from The solid waveforms corre-
the transmitter data register spond o a contro! register

the leading edge of the TDS s;tting of 5 data bits gnd a
should occur at least one parity bit. The dashed wave-
miciosecond prior to this forms are for a setting of 6 data
clock transition. bits and no parity bit.

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
35 Marus B, Kuwpuge, ALY 1780 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor

w25 weswzree  devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
We keep ahead of our competition soyou can keep ahead of yours.  at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

=f

COM 2651

JLPC FAMILY

Programmable Communication Interface
PCI |

FEATURES

[0 Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
0 Re-programmable ROM on-chip baud
rate generator
O Synchronous Mode Capabilities
— Selectable 5 to 8-Bit Characters
— Selectable 1 or 2 SYNC Characters
—internal Character Synchronization
— Transparent or Non-Transparent Mode
— Automatic SYNC or DLE-SYNC Insertion
— SYNC or DLE Stripping
— Odd, Even, or No Parity
— Local or remote maintenance loop back mode
[J Asynchronous Mode Capabilities
— Selectable 5 to 8-Bit Characters
—3 Selectable Clock Rates (1X, 16X, 64X the
Baud Rate)
— Line Break Detection and Generation )
—1, 1%, or 2-Stop Bit Detection and Generation
— False Start Bit Detection
— Odd, Even, or No Parity
— Parity, Overrun, and framing error detect
— Local or remote maintenance loop back mode
— Automatic serial echo mode
0] Baud Rates
—DC to 1.0M Baud (Synchronous)
— DCto 1.0M Baud {1X, Asynchronous)
—DC to 62.5K Baud (16X, Asynchronous)
— DC to 15.625K Baud (64X, Asynchronous)

1 Double Buffering of Data

PIN CONFIGURATION

D2 1 S hd 28 D1
D3 2 ) 27 DO
RxD 3 1 26 Vce
GND 4 : 25 RxC
D4 5] N 24DTR
D5 6 (] 1 23RTS
D6 7 22 DSR
D7 8 (] g 21 RESET
TxC 9 [ 20 BRCLK
A110 O N 19TxD
CE11 0 18 TxEMT/DSCHG
A012 N 17CTS
Rw13 [ ] 16 DCD
RxRDY 14 [ 15 TxRDY
Package: 28-pin D.1.P.

O Internal or External Baud Rate Clock
—16 Internal Rates:50 to 19,200 Baud

[ Single +5 volt Power Supply

O TTL Compatible

1 No System Clock Required

[J Compatible with 2651, INS2651

GENERAL DESCRIPTION

The COM 2651 is an MOS/LSI device fabricated
using SMC'’s patented COPLAMOS® technology
that meets the majority of asynchronous and
synchronous data communication requirements,
by interfacing parallel digital systems to asyn-
chronous and synchronous data communication
channels while requiring a minimum of processor
overhead. The COM 2651 contains a baud rate
generator which can be programmed to either
accept an external clock or to generate internal
transmit or receive clocks. Sixteen different baud
rates can be selected under program control when
operating in the internal clock mode. The on-chip
baud rate generator can be ROM reprogrammed to
accommodate different baud rates and different
starting frequencies.

The COM 2651 is a Universal Synchronous/
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Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data com-
munications. The USART is used as a peripheral
and is programmed by the processor to com-
municate in commonly used asynchronous and
synchronous serial data transmission techniques
including IBM Bi-Sync. The USART receives serial
data streams and converts them into parallel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in parallel format, convert them
to serial format and transmit. The USART will sig-
nal the processor when it has completely received
or transmitted a character and requires service.
Complete USART status including data format
errors and control signals is available to the
processor at any time.

=
=)
=
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w
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DATA BUS
BUFFER

DATA BUS
D0-D7

SYN/DLE CONTROL

SYN 1 REGISTER

SYN 2 REGISTER

OPERATION CONTROL
RESET

AO- — MODE REGISTER 1

Al —_— MODE REGISTER 2

COMMAND REGISTER

DLE REGISTER

TxRDY

> TRANSMITTER

STATUS REGISTER

TRANSMIT DATA
HOLDING REGISTER

TRANSMIT
SHIFT REGISTER

TxD

ROM
RE-PROGRAMMABLE
BAUD RATE
GENERATOR
AND
CLOCK CONTROL

MODEM
CONTROL

RECEIVER RxRDY

RECEIVE DATA
HOLDING REGISTER

RECEIVE
SHIFT REGISTER

COM 2651 ORGANIZATION

g —. VCC

———— GND

The COM 2651 is organized into 6 major sections.
Communication between each section is achieved via
an internal data and control bus. The data bus buffer
allows a processor access to all internal registers on the
COM 2651.

Operation Control

This functional block stores configuration and opera-
tion commands from the processor and generates appro-
priate signals to various internal sections to control the
overall device operation. It contains read and write cir-
cuits to permit communications with a processor via the
data bus and contains Mode Registers 1 and 2, the
Command Register, and the Status Register. Details of
register addressing and protocol are presented in the
COM 2651 programming section of this specification.
Timing

The COM 2651 contains a Baud Rate Generator (BRG)
which is programmable to accept external transmit or
receive ciocks or to divide an externai ciock to periorm
data communications. The unit can generate 16 com-
monly used baud rates, any one of which can be selected
for full duplex operation. Table 6 illustrates all available
baud rates.

Receiver

The Receiver accepts serial data on the RxD pin, con-
verts this serial input to parallel format, checks for bits
or characters that are unique to the communication
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technique and stores the “assembled” character in the
receive data holding register until read by the processor.

Transmitter

The Transmitter accepts parallel data from the processor,
converts it to a serial bit stream, inserts the appropriate
characters or bits (based on the communication tech-
nique) and outputs a composite serial stream of data on
the TxD output pin.

Modem Control

The modem control provides three output signals and
accepts three input signals used for “handshaking” and
status indication between the COM 2651 and a modem.

SYN/DLE Control

This section contains control circuitry and three 8-bit
registers storing the SYN1, SYN2, and DLE characiers
provided by the processor. These registers are used in
the synchronous mode of operation to provide the
characters required for synchronization, idle fill and
data transparency.

Interface Signals

The COM 2651 interface signals can be grouped into two
types: the processor-related signals (shown in Table 2) which
interface the COM 2651 to the processor, and the device-
related signals (shown in Table 3), which are used to inter-
face to the communications equipment.




TABLE 2—PROCESSOR RELATED' SIGNALS

PIN NO.

NAME

SYMBOL

FUNCTION

1,2,5,6,
7,8,27,28

Data

D7-Do

Bidirectional; 8 bit, three state data bus used to transfer commands, data and status
between the COM 2651 and a processor. D@ is the least significant bit; D7 is the most
significant bit.

10,12

Address

Input; Address lines used to select COM 2651 registers.

1

Chip Enable

Input; when this signa! is low, th'e‘operation specified by the R/W, A1and A® will be
performed. When this input is high, D7-0 are in the highimpedance state.

13

Read/Write

Input; Processor read/write direction control. This signal defines the direction of the
data bus D7-@ when the COM 2651 is selected. D7-0 drives out (read) when this signal is
low and accepts data input when this signal is high. The input only has meaning when
the chip enable input is active.

14

Receiver Ready

RxRDY

Output; This signal is the complement of Status Register bit 1 (SR1). When low, it
indicates that the Receive Data Holding Register (RHR) has a character ready for input
to the processor. It goes high when the RHR is read by the processor, and also when
the receiver is disabled. It is an open drain output which can be used as an interrupt

to the processor.

15

Transmitter
Ready

TxRDY

Output; This signal is the complement of Status Re;r;lster bltO(SRO) When low, it
indicates that the Transmit Data Holding Register (THR) is ready to accept a data
character from the processor. It goes high when the data character is loaded. Thisoutput
is valid only when the transmitter is enabled. It is an open drain output which can be
used as an interrupt to the processor.

18

Transmitter
empty/data
set change

Output; This signal is the complement of Status Register bit 2 (SR2). When low, it
indicates that the transmitter has completed serialization of the last character loaded
by the processor, or that a change of state of the DSR or DCD inputs has occurred.
This output goes high when the Status Register is read by the processor, if the

TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor
for this line to go high. It is an open drain output which can be used as an interrupt

to the processor.

21

Reset

Reset

input; A high on this input performs a master reset on the COM 2651. This signal
asynchronously terminates any device activity and clears the Mode, Command and
Status registers. The device assumes the idle state and remains there until initialized
with the appropriate control words.

26

Supply Voltage

Vee

+5 volts supply.

Ground

GND

Ground.

TABLE 3—DEVICE RELATED SIGNALS

PIN NO.

NAME

SYMBOL

FUNCTION

Receive Data

RxD

Input; Serial data to the receiver. “Mark” is high “spéce" is low.

Transmitter
Clock

TxC

Input or Output; If the external transmitter clock is programmed, this input controls
the rate at which the character is transmitted. its frequency is 1X, 16X or 64X, the Baud
rate as programmed by Mode Register 1. The transmitted data changes on the falling
edge of the clock. If the internal transmitter clock is programmed, this pin becomes
an output at 1X the programmed Baud rate.

16

Data Carrier
Detect

Input; This signal must be low in order for the receiver to function. The complement
appears in the Status Register bit 6 (SR6). When this input changes state a low output
on TXxEMT/DSCHG occurs.

17

Clear to Send

Input; This signal must be low in order for the transmitter to function. If it goes high .
during transmission, the character in the Transmit Shift Register will be transmitted
before termination.

19

Transmit Data

i+

TxD

Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is
held in the “Mark” condition when the transmitter is disabled.

20

Baud Rate Clock
|

BRCLK

Input; The standard device requires a 5.0688MHz clock to the interna! Baud rate
generator allowing for Baud rate shown in Table 6. The reprogrammable ROM on chip
allows for user specificed Baud rates and input frequency. Consult the factory for
details. This input is not required if external receive and transmit clocks are used.

22

Data Set Ready

Input; This general purpose signal can be used for Data Set Ready or Ring Indicator
condition. Its complement appears as Status Register bit 7 (SR7). When this input
changes state, a low output on TXEMT/DSCHG occurs.

23

Request to Send

Output; This general purpose signal is the complement of the Command Regnster bit 5
(CR5). Itis normally used to indicate Request to Send.
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TABLE 3-—DEVICE RELATED SIGNALS

PIN NO. NAME SYMBOL FUNCTION
24 Data Terminal DTR Output; This general purpose signal is the complement of the Command Register
bit1 (CR1). Itis normally used to indicate Data Terminal Ready.
25 Receive Clock RxC Input or Output; If the external receiver clock is programmed, this input controls the
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud
rate, as programmed by Mode Register 1. Data are sampied on the rising edge of the

clock. If internal receiver clock is programmed, this pin becomes an output at 1X the
programmed Baud rate.

COM 2651 OPERATION

The functional operation of the COM2651 is programmed
by a set of control words supplied by the processor.
These control words specify items such as synchronous
or asynchronous mode, baud rate, number of bits per
character, etc. The programming procedure is described
in the COM 2651 Programming section of this data sheet.

After programming, the COM 2651 is ready to perform
the desired communications functions. The receiver
performs serial to parallel conversion of data received
from a modem or equivalent device. The transmitter
converts parallel data received from the processor to a
serial bit stream. These actions are accomplished within
the framework specificed by the control words.

Receiver
The COM 2651 is conditioned to receive data when the
input is low and the RxEN bit in the command
register is true. In the asynchronous mode, the receiver
looks for a high to low transition on the RxD input line
indicating the start bit. If a transition is detected, the
state of the RxD line is sampled again after a delay of
one-half of a bit time. If RxD is now high, the search for
a valid start bit is begun again. if RxD is still low, a valid
start bit is assumed and the receiver continues to sample
the input line at one bit time intervals until the proper
number of data bits, the parity bit, and the stop bit(s)
have been assembled. The data is then transferred to the
Receive Data Holding Register, the RxRDY bit in the
status register is set, and the RxRDY output is asserted.
If the character length is less than 8 bits, the high order
unused bits in the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun Error status
bits are strobed into the status register on the positive
going edge of RxC corresponding to the received char-
acter boundary. If a break condition is detected (RxD is
low for the entire character as well as the stop bit[s]),
only one character consisting of all zeros (with the
Framing error status bit set) will be transferred to the
Holding Register. The RxD input must return to a high
condition before a search for the next start bit begins.

When the COM 2651 is initialized into the synchronous
mode, the receiver first enters the hunt mode cnalte!
transition of RXEN (CR2). In this mode, as data is shifted
into the Reciver Shift Register a bit at a time, the con-
tents of the register are compared to the contents of the
SYNT1 register. If the two are not equal, the next bit is
shifted in and the comparison is repeated. When the two
registers match, the hunt mode is terminated and char-
acter assembly begins. If the single SYN operation is
programmed, the SYN DETECT status bit is set. If double
SYN operation is programmed, the first character assem-
bled after SYN1 must be SYN2 in order for the SYN
DETECT bit to be set. Otherwise, the COM 2651 returns

to the hunt mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization). When syn-
chronization has been achieved, the COM 2651 con-
tinues to assemble characters and transfers them to the
Holding Register. The RxRDY status bit is set and the
RxRDY output is asserted each time a character is assem-
bled and transferred to the Holding Register. The Overrun
error (OE) and Parity error (PE) status bits are set as
appropriate. Further receipt of the proper SYN
sequence sets the SYN DETECT status bit. if the SYN
stripping mode is commanded, SYN characters are not
transferred to the Holding Register. Note that the SYN
characters used to establish initial synchronization are
not transferred to the Holding Register in any case.

Transmitter

The COM 2651 is conditioned to transmit data when the
CTS input is low and the TXEN command register bit is
set. The COM 2651 indicates to the processor that it can
accept a character for transmission by setting the
TxRDY status bit and asserting the TxRDY output. When
the processor writes a character into the Transmit Data
Holding Register, the TxRDY status bit is reset and the

xRDY output is returned to a high (false) state. Data
is transferred from the Holding Register to the Transmit
Shift Register when it is idle or has completed trans-
mission of the previous character. The TxRDY condi-
tions are then asserted again. Thus, one full character
time of buffering is provided.

In the asynchronous mode, the transmitter automatically
sends a start bit followed by the programmed number
of data bits, the least significant bit being sent first. it then
appends an optional odd or even parity bit and the pro-
grammed number of stop bits. If, following transmission
of the data bits, a new character is not available in the
Transmit Holding Register, the TxD output remains in
the marking (high) condition and the TxEMT/DSCHG
output and its corresponding status bit are asserted.
Transmission resumes when the processor loads a new
character into the Holding Register. The transmitter can
be forced to output a continuous low {BREAK) condi-
tion by setting the Send Break command bit high.

In the synchronous mode, when the COM 2651 is initially
conditioned to transmit, the TxD output remains high and
the TxRDY condition is asserted until the first character to
be transmitted (usually a SYN character) is loaded by the
processor. Subseguent to this, a continuous stream of
characters is transmitted. No extra bits (other than parity,
if commanded) are generated by the COM 2651 unless the
processor fails to send a new character to the COM 2651
by the time the transmitter has completed sending the
previous character. Since synchronous communication
does not allow gaps between characters, the COM 2651
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asserts TXEMT and automatically “fills” the gap by
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1
doublets, depending on the state of MR16 and MR17. COM 2651 INITIALIZATION FLOW CHART
Normal transmission of the message resumeswhenanew INITIAL RESET

character is available in the Transmit Data Holding
Register. If the SEND DLE bit in the command register is
true, the DLE character is automatically transmitted prior
to transmission of the message character in the transmit
holding register.

COM 2651 PROGRAMMING
Prior to initiating data communications, the COM 2651

operational mode must be programmed by performing
write operations to the mode and command registers.

In addition, if synchronous operation is programmed, M
SYN 1 REGISTER

NOTE

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

LOAD
MODE REGISTER 2

NOTE

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

a

Y
LOAD '
SYN 2 REGISTER

the appropridte SYN/DLE registers must be loaded. The
COM 2651 can be reconfigured at any time during pro-
gram execution. However, if the change has an effect on
the reception of a character the receiver should be dis-
abled. Alternatively if the change is made 12 RxC periods
after RxRDY goes active it will affect the next character
assembly. A flowchart of the initialization process
appears in Figure 1.

The internal registers of the COM 2651 are accessed by
applying specific signals to the CE, R/W, A1 and A0
inputs. The conditions necessary to address eachregister
are shown in Table 4.

The SYN1, SYN2, and DLE registers are accessed by
performing write operations with the conditions A1=0,
A0=1, and R/W=1. The firat operation loads the SYN1

4
=)
o
©
o}
Z]

register. The next loads the SYN2 register, and the third >le | A
loads the DLE register. Reading or loading the mode r——————>
registers is done in a similar manner. The first write (or | e
read) operation addresses Mode Register 1, and a sub- I COMMAND REGISTER |
sequent operation addresses Mode Register 2. If more |
than the required number of accesses are made, the r-—- ---|
OPERATE

internal sequencer recycles to point at the first register.
The pointers are reset to SYN1 Register and Mode
Register 1 by a RESET input or by performing a “Read
Command Register” operation, but are unaffected by any
other read or write operation.

The COM 2651 register formats are summarized in
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the
general operational characteristics of the COM 2651,
while the Command Register controls the operation
within this basic framework. The COM 2651 indicates ] Figure 1
its status in the Status Register. These registers are
cleared when a RESET input is applied.

b e o e e el

Y

DISABLE RECEIVER
AND TRANSMITTER

CE A1l A0 R/W FUNCTION
1 X X X Tri-state data bus
0 0 0 0 Read receive holding register
0 0 0 1 Write transmit holding register
0 0 1 0 Read status register
0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 Read mode registers 1 and 2
0 1 0 1 Write mode registers 1 and 2
0 1 1 0 Read command register
0 1 1 1 Write command register
NOTE
See AC Characteristics section for timing requirements.
Table 4— COM 2651 REGISTER ADDRESSING
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MODE REGISTER 1 (MR1)

Table 5 illustrates Mode Register 1. Bits MR11 and MR10
select the communication format and Baud rate multi-
plier. 00 specifies synchronous mode and 1X multiplier.
1X, 16X, and 64X multipliers are programmable for
asynchronous format. However, the multiplier in asyn-
chronous format applies only if the external clock input
option is selected by MR24 or MR25.

MR13 and MR12 select a character length of 5,6, 7, or 8
bits. The character length does not include the parity bit,
if programmed, and does not include the start and stop
bits in asynchronous mode.

MR14 controls parity generation. If enabled, a parity bit
is added to the transmitted character and the receiver

performs a parity check on incoming data. MR15 selects
odd or even parity when parity is enabled by MR14.

In asychronous mode, MR17 and MR 16 select character
framing of 1, 1.5, or 2 stop bits. (if 1X baud rate is pro-
grammed, 1.5, stop bits defaults to 1 stop bits on trans-
mit). in synchronous mode, MR17 controis the number
of SYN characters used to establish synchronization
and for character fill when the transmitter is idle. SYN1
alone is used if MR17=1, and SYN1-SYN2 is used when
MR17=0. If the transparent mode is specified by MR16,
DLE-SYN1 is used for character fill and SYN Detect, but
the normal synchronization sequence is used. Aiso DLE
stripping and DLE Detect (with MR14=0) are enabled.

SYNCH: NUMBER | SYNCH: TRANS-

OF SYN CHAR PARENCY CONTROL
0=DOUBLE SYN 0=NORMAL
1=SINGLE SYN 1=TRANSPARENT

MR17 MR16 MR15 MR14 MR13 I MR12 MR11 MR10
Sync/Async Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00=INVALID 0=0DD 0=DISABLED 00=5BITS 0C=SYNCHRONOQOUS 1X RATE
01=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE
10=1% STOP BITS 10=7 BITS 10=ASYNCHRONOUS 16X RATE
11=2 STOP BITS 11=8 BITS 11=ASYNCHRONOUS 64X RATE

NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if

internal clock is setected. Mode must be selected (MR11, MR10) in any case,

TABLE 5—MODE REGISTER 1(MR1)
C
MODE REGISTER 2 (MR2)

Table 6 illustrates Mode Register 2. MR23, MR22, MR21,
and MR20 control the frequency of the internal Baud
rate generator (BRG). Sixteen rates are selectable. When
driven by a 5.0688 MHz input at the BRCLK input (pin 20),
the BRG output has zero error except at 134.5, 2000, and
19,200 Baud, which have errors of +0.016% +0.253%,
and +3.125% respectively.

MR25 and MR24 select either the BRG or the external

inputs TXC and RxC as the clock source for the trans-
mitter and receiver, respectively. If the BRG clock is
selected, the Baud rate factor in asynchronous mode is
16X regardless of the factor selected by MR11 and MR10.
in addition, the corresponding clock pin provides an
output at 1X the Baud rate. Custom Baud rates other
than the ones provided by the standard part are avail-
able. Contact the factory for details.

MR27 MR26 MR25 MR24 MR23-MR20
Theoretical Actual
Transmitter Receiver Baud Freq y Freq Y Percent
Clock Clock Code Rate 16X Clock 16X Clock Error Divisor
O0=EXTERNAL | O=EXTERNAL 0000 50 0.8KHz 0.8KHz — 6336
NOT USED : 1=INTERNAL 1=INTERNAL 0001 75 12 1.2 - 4224
H 0010 110 176 1.76 —_ 2880
| 0011 134.5 2152 2.1523 0.016 2355
i 0100 150 24 24 - 2112
i 0101 300 48 48 - 1056
i 0110 600 96 96 — 528
: :’ 0111 1200 19.2 192 - 264
i | 1000 1800 288 28.8 — 178
! 1001 2000 320 32.081 0.253 158
; 1010 2400 384 384 — 132
i 1011 3600 57.6 57.6 — 88
I 1100 4800 76.8 76.8 - 66
1101 7200 1152 115.2 — 44
1110 9600 153.6 153.6 — 33
111 19200 307.2 316.8 3.125 16

NOTE *Error at 19200 can be reduced to zero by using crystal frequency 4 9152MHz
16X clock is used in asynchronous mode. in synchronous mode, clock multiptier is 1X.

Baud rates are valid for crystal frequency = 5.0688MHz

TABLE 6 —MODE REGISTER 2 (MR2)
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COMMAND REGISTER (CR)

Table7 illustrates the CommandRegister. Bits CRO (TXEN)
and CR2 (RxEN) enable or disable the transmitter and
receiver respectively. A 0 to 1 transition of CR2 forces
start bit search (async mode) or hunt mode (sync mode)
on the second RxC rising edge. Disabling the receiver
causes RxRDY to go high (inactive). If the transmitter is
disabled, it will complete thetransmission of the character
in the Transmit Shift Register (if any) prior to terminat-
ing operation. The TxD output will then remain in the
marking state (high) while the TxRDY and TxEMT will
go high (inactive). If the receiver is disabled, it will termi-
nate operation immediately. Any character being assem-
bled will be neglected.

In asynchronous mode, setting CR3 wiil force and hold
the TxD output low (spacing condition) at the end of the
current transmitted character. Normal operation resumes
when CR3 is cleared. The TxD line will go high for at least
one bit time before beginning transmission of the next
character in the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the transmission
of the DLE register contents prior to sending the char-
acter in the Transmit Data Holding Register. CR3 shouid
be reset in response to the next TxRDY.

Setting CR4 causes the error flags in the Status Register
(SR3, SR4, and SR5 ) to be cleared. This is a one time
command. There is no internal latch for this bit.

The COM 2651 can operate in one of four sub-modes
within each major mode (synchronous orasynchronous).
The operational sub-mode is determined by CR7 and
CR6. CR7-CR6=00 is the normal mode, with the trans-
mitter and receiver operating independently in accor-
dance with the Mode and Status Register instructions.

In asynchronous mode, CR7-CR6=01 places the COM
2651 in the Automatic Echo mode. Clocked, regenerated
received data is automatically directed to the TxD line
while normal receiver operation continues. The receiver
must be enabled (CR2=1), but the transmitter need not
be enabled. Processor to receiver communications con-
tinues normatly, but the processor to transmitter link
is disabled. Only the first character of a break condi-
tion is echoed. The TxD output will go high until the
next valid start is detected. The following conditions
are true while in Automatic Echo mode:

1. Data assembled by the receiver are automatically
placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

2. The transmitter is clocked by the receive clock.

3. TxRDY output="1.

4. The TXEMT/DSCHG pin will reflect only the data set
change condition.

5. The TXEN command (CRO) is ignored.

In synchronous mode, CR7-CR6=01 places the COM
2651 in the Automatic SYN/DLE Stripping mode. The
exact action taken depends on the setting of bits MR17
and MR16:

1. In the non-transparent, single SYN mode (MR17-
MR16=10), characters in the data stream matching
SYNT1 are not transferred to the Receive Data Holding
Register (RHR).

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching,
SYN1, or SYN2 if immediately preceded by SYNT1, are
-not transferred to the RHR. However, only the first
SYN1 of an SYN1-SYN1 pair is stripped.

3. In transparent mode (MR16=1), characters in the
data stream matching DLE, or SYN1 if immediately
preceded by DLE, are not transferred to the RHR.
However, only the first DLE of a DLE-DLE pair is
stripped.

Note that Automatic Stripping mode does not affect the
setting of the DLE Detect and SYN Detect status bits
{SR3 and SR5).

Two diagnostic sub-modes can- also be configured. In
Local Loop Back mode (CR7-CR6=10), the following
loops are connected internally:

1. The transmitter output is connected to the receiver
input. —

2. DTR is connected to DCD and RTS is connected to
CTS.

3. The receiver is clocked by the transmit clock.

4. The DTR, RTS and TxD outputs are held high.

5. The CTS, DCD, D3R and RxD inputs are ignored.

Additional requirements to operate in the Local Loop
Back mode are that CRO (TxEN), CR1 (DTR), and CR5
(RTS) must be set to 1. CR2 (RxEN) is ignored by the
COM 2651. -

The second diagnostic mode is the Remote Loop Back
mode (CR7-CR6=11). In this mode:

1. Data assembled by the receiver is automatically
placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

. The transmitter is clocked by the receive clock.

. No data are sent to the local processor, but the error
status conditions (PE, OE, FE) are set.

. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are
held high.

5. CRO (TxEN) is ignored.

6. All other signals operate normally.

AN

CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRO
" Request to Receive Data Terminal Transmit
Operating Mode Sond Reset Error Sync/ASYnc | o ontrot (RXEN) Ready Control (TXEN)
; ASYNCH:
00=NORMAL OPERATION i | 0=NORMAL FORCE BREAK
01:=ASYNCH: AUTOMATIC ' 0=FORCERTS | 1=RESET 0=NORMAL 0=DISABLE 0=FORCE DTR | 0=DISABLE
ECHO MODE OUTPUT HIGH | ERROR FLAG | =FORGE 1=ENABLE | OUTPUTHIGH | 1=ENABLE
SYNCH: SYN AND/OR 1=FORCERTS | INSTATUS BREAK 1=FORCE DTR
) DLE STRIPPING MODE . OUTPUTLOW ' (FE OE. OUTPUT LOW
| 10=LOCAL LOOP BACK { PE/DLE DETECT) | SYNCH:
11=REMOTE LOOP BACK f SEND DLE
0=NORMAL
] 1=SEND DLE

TABLE 7-—~COMMAND REGISTER (CR)
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STATUS REGISTER (SR)

The data contained in the Status Register (as shown in
Table 8) indicate receiver and transmitter conditions and
modem/data set status.

SRO is the Transmitter Ready (TxXRDY) status bit. It, and
its corresponding output, are valid only when the trans-
mitter is enabled. f equal to 0, it indicates that the
Transmit Data Holding Register has been loaded by the
processor and the data has not been transferred to the
Transmit Shift Register. If set equal to 1, it indicates that
the Holding Register is ready to accept data from the
processor. This bit is initially set when the Transmitter
is enabled by CRO, unless a character has previously
been loaded into the Holding Register. it is not set when
the Automatic Echo or Remote Loop Back modes are
programmed. When this bit is set, the TXRDY output pin
is low. In the Automatic Echo and Remote Loop Back
modes, the output is held high.

SR1, the Receiver Ready (RxRDY) status bit, indicates
the condition of the Receive DataHolding Register. If set, it
indicates that a character has been loaded into the
Holding Register from the Receive Shift Register and is
ready to be read by the processor. If equal to zero. there
is no new character in the Holding Register. This bit is
cleared when the processor reads the Receive Data
Holding Register or when the receiver is disabled by CR2.
When set, the RxRDY output is low.

The TXEMT/DSCHG bit, SR2, when set, indicates either
a change of state of the DSR or DCD inputs or that the
Transmit Shift Register has completed transmission of a
character and no new character has been loaded into
the Transmit Data Holding Register. Note that in syn-
chronous mode this bit will be set even though the
appropriate “fill” character is transmitted. TXEMT will not
go active until at least one character has been trans-
mitted. It is cleared by loading the Transmit Data Hold-

ing Register. The DSCHG condition is enabled when
TXEN =1 or RXEN = 1. It is cleared when the Status Reg-
ister is read by the processor. When SR2 is set, the TXEMT/
DSCHG output is low.

SR3, when set, indicates a received parity error when
parity is enabled by MR14. In synchronous transparent
mode (MR16=1), with parity disabled, it indicates that
acharacter matching the DLE Register hasbeenreceived.
However, only the first DLE of two successive DLEs will
set SR3. This bit is cleared when the receiver is dis-
abled and by the Reset Error command, CR4.

The Overrun Error status bit, SR4, indicates that the
previous character loaded into the Receive Holding
Register was not read by the processor at the time a new
received character was transferred into it. This bit is
cleared when the receiver is disabled and by the Reset
Error command, CR4.

In asynchronous mode, bit SR5 signifies that the re-
ceived character was not framed by the programmed
number of stop bits. (if 1.5 stop bits are programmed,
only the first stop bit is checked.) If the RHR contains all
0's when SR5=1, a break condition is present. In syn-
chronous non-transparent mode (MR16=0), it indicates
receipt of the SYN1 character in single SYN mode or the
SYN1-SYN2 pair in double SYN mode. In synchronous
transparent mode (MR16=1), this bit is set upon detec-
tion of the initial synchronizing characters (SYN1 or
SYN1-SYN2) and, after synchronization has been
achieved, when a DLE-SYN1 pair is received. The bit is
reset when the receiver is disabled, when the Reset Error
command is given in asynchronous mode, or when the
Status Register is read by the processor in the syn-
chronous mode. o -
SR6 and SR7 reflect the conditions of the DCD and DSR
inputs respectively. A iow input sets the corresponding
status bit and a high input clears it.

SR? SR SRS SR4 sR3 SR2 SR1 SRO
°;;:3y°‘ Do Cartter | FE/SYN Detect Overrun PE/DLE Delect | TXEMT/DSCHG AXRDY TXRDY
0=DSRINPUT | 0=DCDINPUT | ASYNCH: 0=NORMAL 0=NORMAL 0=RECEIVE O=TRANSMIT
ISHIGH ISHIGH D=NORMAL 1=OVERRUN | ASYNCH: 1=CHANGE HOLDINGREG | HOLDING
1=08RINPUT | 1=DCDINPUT | [~ i ERROR 0=NORMAL INDSROR EMPTY REG BUSY
ISLOW ISLOW ERROR 1=PARITY BCD. OR 1=RECEIVE 1=TRANSMIT
ERROR TRANSMIT HOLDINGREG | HOLDING
SYNCH: SYNCH: SHIFTREGIS- | HASDATA REG EMPTY
0=NORMAL TERIS
1=SYN CHAR O=NORMAL | empTy
DETECTED 1=PARITY
ERROR
OR
DLECHAR
RECEIVED

TABLE 8—STATUS REGISTER (SR)
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TIMING DIAGRAMS

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])

TxC (iX)
) 4112939495112y 314,59172)344)5,1,)2)3,4)5§132)3,4)5)
TxD I DATA1 I DATA 2 [ DATA 3 SYN1 DATA 4 ]
I
w | | 1 | |
R | | ] [ |
2 [ I 1 | 7
§ | | : | !
© { TxADY !
z ]
z
S |
; i
@ | TEwT } )
CE For
WRITE
OF THR
~ DATA 1 DATA 2 DATA 3 DATA 4
4 ~4—D0—P-Ay1,2,3,4,5;8B C a,1,2,3,
™0 | l DATA1 | I l DATA2
u | |
o | men l |
z |
@
2 |
o
84 v -
b4 TxRDY r |
z
g |
2z
H
23—
< TxEMT ) )
TEFOR
WRITE
\ OF THR

DATA 1 DATA 2 DATA 3 DATA &

NOTES
A =Start bit

D =TxD marking condition
TxEMT goes low at the beginning of the last data bit. or. if parity is enabled. at the beginning of the parity bit.

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])

Pl 12934 Sy V273,451,253, 4,5,1 423,415 41 42)3,4,5;1,2,3,4,5,

(Caxp [ svN 1 ] patat | oaTA2 [ oams | oaas | oatas |
Iy 1 .
y IGNORED g
w | RxEN |
a
=3
H
Ed SYNDET
3 | statusemr
z
FR L
-3
[ — \
S | mmny
S
@
CEFOR | I <N 14 ] I HH
READ L(? . - XLI . \ﬂj s [
READ READ READ READ N READ READ
L STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
o R
<P~ A 112314 53ByC Ay1,24374;5,BjCy— D|=— A 1123 ¥51BJC Ajp1[2]3]
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8 !
H
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g x . . .
H
@
<
OVERRUN
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\.CE FOR V4
READ
READ ’ READ
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(DATA 1) (DATA3)
NOTES
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C Stopbit2
D TxDmarking condition
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TIMING DIAGRAMS (Cont'd)

RESET

RESET

CLOCK

BRCLK, TxC, AxC —

|<t— 1gRH —#}e— tgRL —
|t tR/TH =t /71—

gra

|

TRANSMIT

1 BIT TIME
(1, 16, OR 64 CLOCK PERIODS) -

TxC
(INPUT)

—— e -
<D

N e e o o e o 0 e e e A e

rx0 0

tres

xC
(OUTPUT)

-

RECEIVE

M (1x)

——— -
RxD
e o e o e e e e e o
s S——

READ AND WRITE

d 'csb]

N
. [}
CE
PP > - ——
Ao A
’——-J
tag |— tapy =]
ey
Rrw
- |
tcs gl toy —o=
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(WRITE) - — - ——— - I\— e e o mp - ——

el ™

Do-Dr BUS 7 rot DATA VALID BUS FLOATING
(READ) FLOATING VALID
ja—1tpp -] toF
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ..ottt ittt it it eaneaeanas 0°C to + 70°C
Storage Temperature RaNge ..........iieintiniiiiniieieeneiatstiateessenetnoeneesonanennanss —55°C to +150°C
Lead Temperature (soldering, 10 SEC.) . ...uiuuinuiniie ittt ittt it steentanttanenenuannaneaennns +325°C
Positive Voltage on any Pin, with respectto ground ...... ... i e e +18.0v
Negative Voltage on any Pin, with respect to ground ........ .ottt it —0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or at any other condition above those indicated in the operational sections of this
specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their
outputs when the AC power is switched on and off. in addition, voltage transients on the AC power line may appear on the
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V +5%

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Input voltage
Vie Low 0.8 \"
Vin High 2.0
Output voltage
Vo Low 0.4 \ lo.=1.6mA
Vou High 2.4 lon=-100uA
I Input leakage current 10 LA Vin=0105.25V
Output leakage current
'™ Data bus high 10 LA Vo=4.0V
[T Data bus low 10 LA Vo=0.45V
lec Power supply current 150 mA
Capacitance
Cin Input 20 pF
fc=1MHz
Cour Output 20 pF Unmeasured pins tied
to ground
Cio Input/Qutput 20 pF

AC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V +5%

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Pulse width ’
tres Reset 1000 ns
tee Chip enable 300 ns
Setup and hold time
tas Address setup 20 ns
tan Address hold 20 ns
tes R/W control setup 20 ns
ten R/W control hold 20 ns
tos Data setup for write 225 ns
ton Data hold for write 0 ns
trxs Rx data setup 300 ns
trxn Rx data hold 350 ns
too Data delay time for read 250 ns CL=100pF
tor Data bus floating time
__forread 150 ns C.=100pF
tcen CE to CE delay 700 ns
Input clock frequency !
fan Baud rate generator 1.0 5.0688 5.0738 MHz
far TxC or Rx dc 1.0 MHz
Clock width
teru Baud rate high 70 ns fare =5.0688MHz
ter Baud rate low 70 ns fsre =5.0688MHz
tamw TxC or RxC high 500 ns
tam TxC or RxC low 500 ns
trxo TxD delay from falling
" edge of TXC 650 ns C.=100pF
tres Skew between TxD
changing and falling :
edge of ’%TC output 0 ns C.=100pF

NOTE:
1. far and tam. shown for all modes except Local Loopback. For Local Loopback mode
far=0.7 MHz and ta7. =700ns min.
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TYPICAL APPLICATIONS

ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE
TO CRT TERMINAL TO TERMINAL OR
PERIPHERAL DEVICE
' ADDRESS BUS N { ADDRESS BUS {
il 1
‘-I CONTROL BUS 4) 51 CONTROL BUS - —S
r DATA BUS 7 S DATA BUS " s
R0 f——4  gatoTTL e
CONVERT | . >
R e ©Fm e SYNCHRONOUS
COM 2651 | IR, J COM 2651 € on EMINAL
T i
BRCLK SSLATOR e AL
ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE
TO TELEPHONE LINES TO TELEPHONE LINES
ADDRESS BUS 1 \ ADDRESS BUS S
CONTROL BUS 1 L| CONTROL BUS )
- T
C DATA BUS 1 C DATA BUS 3
RxD AxD |-t~
0 > - 0 - -
BTR bl oDEm it e WiEn
COM 2651  CTS preé—] com 2551 DCOfe— e g
ATS Jo—f CTS Ot
BB [o~t— ATS o——i
BRCLK 5.0688 MHz BTR fo—} I
OSCILLATOR TELE'PNEONE TELEFNHEONE

STANDARD MICROSYSTEMS

35 Marcus Bvd . Hauppauge N Y 11788
15161273-3100  TWX-510 227-8898

We keep ahead of our competition so you can keep ahead of yours.

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions, consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
=

COM 2661-1
COM 2661-2
COM 2661-3

MPC FAMILY

Enhanced Programmable
Communication Interface

EPCI

FEATURES

[ Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
1 Re-programmable ROM on-chip baud
rate generator
{0 Synchronous Mode Capabilities
—Selectable 5 to 8-Bit Characters
—Selectable 1 or 2 SYNC Characters
—Internal or External Character Synchronization
— Transparent or Non-Transparent Mode
—Transparent mode DLE stuffing. (Tx)
and detection (Rx)
—Automatic SYNC or DLE-SYNC Insertion
—S8YNC, DLE and DLE-SYNC stripping
—Qdd, Even, or No Parity
—Local or remote maintenance loop back mode
[ Asynchronous Mode Capabilities
—Selectable 5 to 8-Bit Characters plus parity
—3 Selectable Clock Rates (1X, 16X, 64X the
Baud Rate)
—Line Break Detection and Generation
—1, 1%, or 2-Stop Bit Detection and Generation
—False Start Bit Detection
—Odd, Even, or No Parity
— Parity, Overrun, and framing error detect
— Local or remote maintenance loop back mode
— Automatic serial echo mode (echoplex)
[JBaud Rates
—DC to 1.0M Baud (Synchronous)
—DC to 1.0M Baud (1X, Asynchronous)
—DC to 62.5K Baud (16X, Asynchronous)
—DC to 15.625K Baud (64X, Asynchronous)

PIN CONFIGURATION
oz 1 Y Paso

D3 2 (] D 2700
RxD 3 O ] 26Vcc
GND 4] D) 25 AxC/BKDET
D4 5 ] M 24DTR-
D5 6 (] M 23RTS
D6 7 N 22DSR
D7 8 g M 21 RESET
TxC/XSYNC 9 (] N 20BRCLK
A110 H 19TxD
CEn ¢ ) 18 TXEMT/DSCHG
A012 N 17CTS
Rw13 1 16DCD
RxRDY 14 O 0 15TxRDY

Package: 28-pin D..P.

[ Double Buffering of Data

0 RxC and TxC pins are short circuit protected
[ Internal or External Baud Rate Clock

[0 3 baud rate sets (2661-1, -2, -3)

[J16 internal rates for each version

(I Single +5 volt Power Supply

O TTL Compatible

J No System Clock Required

] Compatible with EPCI 2661

GENERAL DESCRIPTION

The COM 2661 is an MOS/LSI device fabricated
using SMC’s patented COPLAMOS® technology.
It is an enhanced pin and register compatible
version of the COM 2651 that meets the majority of
asynchronous and synchronous data communica-
tion requirements, by interfacing parallel digital
systems to asynchronous and synchronous data
communication channels while requiring a mini-
mum of processor overhead. The COM2661
contains a baud rate generator which can be
programmed to either accept an external clock or
to generate internal transmit or receive clocks.
Sixteen different baud rates can be selected under
program control when operating in the internal
clock mode. Each version of the COM 2661 (-1,
-2, -3) has a different set of baud rates. Custom
baud rates can be ROM reprogrammed to accom-
modate different baud rates and different starting
frequencies.

The COM 2661 is a Universal Synchronous/
Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data com-
munications. The USART is used as-a peripheral
and is programmed by the processor to com-
municate in commonly used asynchronous and
synchronous serial data transmission techniques
including IBM Bi-Sync. The USART receives serial
data streams and converts them into parallel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in parallel format, convert them
to serial format and transmit. The USART will sig-
nal the processor when it has completely received
or transmitted a character and requires service.
Complete USART status including data format
errors and control signals is available to the
processor at any time.
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DATA BUS DATA BUS SYN/DLE CONTROL
D0-D7 BUFFER
: SYN 1 REGISTER
L SYN 2 REGISTER
OLE REGISTER
OPERATION CONTROL
RESET e |
A0 —_— MODE REGISTER 1
Al B MODE REGISTER 2
= TRANSMITTER by TXRDY
W — ] | COMMANDREGISTER
CE ., TRANSMIT DATA
STATUS REGISTER > HOLDING REGISTER
TRANSMIT TxD
SHIFT REGISTER >
BRCLK
ROM -
RE-PROGRAMMABLE
Tx BAUD RATE
- GENERATOR
AND
e CLOCK CONTROL — RECEIVER ., ROV
X - ——— |
RECEIVE DATA
HOLDING REGISTER
RECEIVE | RxD
DSR > A SHIFT REGISTER B E—
oco >d <
CTs — - MODEM
e CONTROL
ATS - d
OTR - a ~4——wo—— VcC
XEMT/ a «————— GND
DSCHG

COM 2661 ORGANIZATION

The COM 2661 is organized into 6 major sections.
Communication between each section is achieved via
an internal data and control bus. The data bus buffer
allows a processor access to all internal registers on the
COM 2661. The differences between the COM 2661 and
COM 2651 are outlined in table 1.

Operation Control

This functional block stores configuration and opera-
tion commands from the processor and generates appro-
priate signals to various internal sections to control the
overall device operation. It contains read and write cir-
cuits to permit communications with a processor via the

data bus and contains Mode Registers 1 and 2, the -

Command Register, and the Status Register. Details of
register addressing and protocol are presented in the
COM 2661 programming section of this specification.
Timing

The COM 1 contains a Baud Rate Generator {BRG)
which is programmable to accept external transmit or
receive clocks or to divide an external clock to perform
daia coimmunications. Tne unit can generaie 18 com-
monly used baud rates, any one of which can be selected
for full duplex operation. Tables 2a, b, and c iliustrate all
available baud rates.

Receiver

The Receiver accepts serial data on the RxD pin, con-
verts this serial input to parallel format, checks for bits

a7
4
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or characters that are unique to the communication
technique and stores the “assembled” character in the
receive data holding register until read by the processor.

Transmitter

The Transmitter accepts parallel data from the processor,
converts it to a serial bit stream, inserts the appropriate
characters or bits (based on the communication tech-
nique) and outputs a composite serial stream of data on
the TxD output pin.

Modem Control

The modem control provides three output signals and
accepts three input signais used for “handshaking” and
status indication between the COM 2661 and a modem.

SYN/DLE Control

This section contains control circuitry and three 8-bit
registers storing the SYN1, SYN2, and DLE characters
provided by the processor. These registers are used in
the synchronous mode of operation to provide the
characters required for synchronization, idle fill and

Aoto tr
data transparency.

Interface Signals

The COM 2661 interface signals can be grouped into
two types: the processor-related signals (shown in Table
3) which interface the COM 2661 to the processor, and
the device-related signals (shown in Table 4), which are
used to interface to the communications equipment.




TABLE 3—PROCESSOR RELATED SIGNALS

PIN NO.

NAME

SYMBOL | - FUNCTION

1,2,5,6,

7,8,27,28

Data

D7-D9

Bidirectional; 8 bit, three state data bus used to transfer commands, data and status
between the COM 2661 and a processor. D@ is the least significant bit; D7 is the most
significant bit.

10,12

Address

A1, AQ

Input; Address lines used to select COM 2661 registers.

11

Chip Enable

CE

input; when this signal is low, the operation specified by the R/W, A1 and AB will be
performed. When this input is high, D7-0 are in the high impedance state.

13

Read/Write

Input; Processor read/write direction control. This signal defines the direction of the
data bus D7-0 when the COM 2661 is selected. D7-@ drives out (read) when this signal is
low and accepts data input when this signal is high. The input only has meaning when
the CE input is active.

Receiver Ready

Output; This signal is the complement of Status Register bit 1 (SR1). When low, it
indicates that the Receive Data Holding Register (RHR) has a character ready for input
to the processor. It goes high when the RHR is read by the processor, and also when
the receiver is disabled. It is an open drain output which can be used as an interrupt

to the processor.

15

Transmitter
Ready

Output; This signal is the complement of Status Register bit 0 (SR0). When low, it
indicates that the Transmit Data Holding Register (THR) is ready to accept a data
character from the processor. It goeshighwhen thedata character isloaded. Thisoutput
is valid only when the transmitter is enabled. It is an open drain output which can be
used as an interrupt to the processor. ’

Transmitter
empty/data
set change

Output; This signal is the complement of Status Register bit 2 (SR2). When low, it
indicates that the transmitter has completed serialization of the last character loaded
by the processor, or that a change of state of the DSR or DCD inputs has occurred.
This output goes high when the Status Register is read by the processor, if the

TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor|
for this line to go high. It is an open drain output which can be used as an interrupt

to the processor.

21

Reset

Reset

Input; A high on this input performs a master reset on the COM 2661. This signal
asynchronously terminates any device activity and clears the Mode, Command and
Status registers. The device assumes the idle state and remains there until initialized
with the appropriate control words.

Supply Voltage

Vee

+5 volts supply.

Ground

GND

Ground.

TABLE 4—DEVICE RELATED SIGNALS

PIN NO.

NAME

SYMBOL: FUNCTION

Receive Date

RxD

Input; Serial data to the receiver. “Mark” is high “space” is low.

Transmitter
Clock/External
Sync

TXC/
XSYNC

Input or Output; If the external transmitter clock is programmed, this input controls
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud
rate as programmed by Mode Register 1. The transmitted data changes on the falling
edge of the clock. If the internal transmitter clock is programmed, this pin can be a
1X/16X clock output or an external jam synchronization input.

Data Carrier
Detect

Input; This signal must be low in order for the receiver to function. The complement
EM

when its state changes if CR2 or CRO=1. If DCD goes high while receiving, the RxC
is internally inhibited.

appears in the Status Register bit 6 (SR6). DCD causes a low output on TXEMT/DSCHG|.

Clear to Send

Input; This signal must be low in order for the transmitter to function. If it goes high
during transmission, the character in the Transmit Shift Register will be transmitted
before termination.

19

Transmit Data

Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is
held in the “Mark” condition when the transmitter is disabled.

Baud Rate Clock

Input; Clock inpuit to the internal baud rate generator (See Tables 2a, b and c); not
required if the external receiver and transmitter clocks are used.

22

Data Set Ready

Input; This general purpose signal can be used for Data Set Ready or Ring Indicator
condition. lts complement appears as Status Register bit 7 (SR7). DSR causes a low
output on TXEMT/DSCHG when its state changes if CR2 or CRO=1.

23

Request to Send

D
3
2]

Output; This general purpose signal is the complement of the Command Register bit 5
(CR5). It is normally used toindicate Reguest to Send. If the Transmit Shift Registeris not|
empty when CR5 is reset (1 to 0), then RTS will go high on TxC time after the last serial
bit is transmitted.

24

Data Terminal
Ready

o/
3
o)

QOutput; This general purpose signal is the complement of the Command Register
bit 1 (CR1). It is normally used to indicate Data Terminal Ready.

25

Receive Clock/
Break Detect

RxC/
BKDET

Input or Output; If the external receiver clock is programmed, this input controls the

rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the

clock. If internat receiver clock is programmed, this pin can be a 1X/16X clock ora

break detect output.
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Table 1 COM 2661 vs. COM 2651

FEATURE EPCY PCl
1. MR2 Bit6,7 Control pin 9,25 Not used
2. DLE detect-SR3 SR3=0 for DLE-DLE, SR3=11for DLE-DLE,
DLE-SYNC1 DLE-SYNC1

3.Resetof SR3, DLE | Second character after
detect DLE; or receiver
disable, or CR4=1

One time command

Receiver disable, or
CRé4=1

4. Send DLE-CR3 Reset via CR3 on next

| TxRDY
Automatic DLE stuffing |None
when DLE is loaded
exceptif CR3=1

All SYNC?

5. DLE stuffingin
transparent mode

6. SYNG1 stripping
in double sync
non-transparent
mode

7. Baud rate versions.

8. Terminate ASYNG
transmission

First SYNC1 of pair

Three One

Reset CRS in response to| Reset CRO when TXEMT
TxRDY changing from | goes from 1t 0. Then

(dropRTS) Qto1 reset CR5 when TXEMT
goes from O to 1
9. Break detect Pin 25 FE and nuil character
10. Stop bit searched One Two
11, External agmsync | Pin®® No
12. Data bus timing improved over 2651 =
13. Data bus drivers Sink 22mA Sink 1.6mA
Source 400uA Source 100uA

NOTES
1. Internal BRG used tor AXC.
2. Internal BRG used for TxC.

Table 2a BAUD RATE GENERATOR CHARACTERISTICS
2661-1 (BRCLK=4.9152MHz)

ACTUAL
BAUD FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 50 0.8kHz - 6144
0001 75 12 - 4096
0010 110 1.7598 =0.01 2793
0011 1345 2152 - 2284
0100 150 24 - 2048
0101 200 32 - 1536
0110 300 438 - 1024
o111 600 96 - 512
1000 1050 16.8329 0.19% 292
1001 1200 19.2 - 256
1010 1800 28.7438 -0.19 7
oh 2000 31.9168 -0.26 154
1100 2400 384 - 128
101 4800 76.8 - 64
1110 9600 153.6 - 32
111 19200 307.2 - 16

Table 2b BAUD RATE GENERATOR CHARACTERISTICS
2661 -2 (BRCLK =4.9152MHz)

ACTUAL
BAUD FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 455 0.7279kHz 0.005 6752
0001 50 0.8 - 6144
0010 75 12 - 4096
0011 110 1.7598 -0.01 2793
0100 1345 2152 - 2284
0101 150 24 - 2048
0110 300 48 - 1024
o111 600 9.6 - 512
1000 1200 19.2 — 256
1001 1800 26.7438 -0.19 171
1010 2000 31.9168 -0.26 154 .
01 2400 384 - 128 H
1100 4800 76.8 - 64 -
1101 9600° 1536 - 32
110 19200 3072 - 16
1111 38400 614.4 - 8
Table 2c BAUD RATE CHARACTERISTICS
2661 -3 (BRCLK="5.0688MHz)
ACTUAL
BAUD FREQUENCY PERCENT
MR23-20 RATE 18X CLOCK ERROR DIVISOR

0000 50 0.8kHz — 6336
0001 75 12 - 4224
0010 110 1.78 — 2880
0011 1345 211523 0.016 2355
0100 150 24 - 2112
0101 300 48 - 1056
0110 800 96 - 528
o111 1200 192 - 264
1000 1800 288 — 176
1001 2000 32.081 0253 158
1010 2400 384 - 132
1011 3600 576 — 88
1100 4800 768 - 66
1101 7200 1152 - 44
1110 9600 1536 - 33
111 19200 3168 3125 16

NOTE.
16X clock s used in asynchronous mode. In synchronous mode, clock multiplier is 1X and
BRG can be used only for TxC.

COM 2661 OPERATION

The functional operation of the COM 2661 is programmed
by a set of control words supplied by the processor.
These control words specify items such as synchronous
or asynchronous mode, baud rate, number of bits per
character, etc. The programming procedure is described
in the COM 2661 Programming section of this data sheet.

After programming, the COM 2661 is ready to perform
the desired communications functions. The receiver
performs serial to parallel conversion of data received
from a modem or equivalent device. The transmitter
converts parallel data received from the processor to a
serial bit stream. These actions are accomplished within
the framework specified by the control words.
Receiver

The COM 2661 is conditioned to receive data when the
DCD input is low and the RxEN bit in the command
register is true. in the asynchronous mode, the receiver
looks for a high to low (mark to space) transition of the
start bit on the RxD input line. If a transition is detected,
the state of the RxD line is sampled again after adelay of
one-half of a bit time. If RxD is now high, the search for
a valid start bit is begun again. If RxD is still low, a valid
start bit is assumed and the receiver continues to sample
the input iine at one bit time intervais untii the proper
number of data bits, the parity bit, and one stop bit have
been assembled. The data is then transferred to the
Receive Data Holding Register, the RxRDY bit in the
status register is set, and the RxRDY output is asserted.
If the character length is less than 8 bits, the high order
unused bits in the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun Error status
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bits are strobed into the status register on the positive
going edge of RxC corresponding to the received char-
acter boundary. If the stop bit is present, the receiver will
immediately begin its search for the next start bit. If the
stop bit is absent (framing error), the receiver will inter-
pret a space as a start bit if it persists into the next bit
time interval. If a break condition is detected (RxD is
low for the entire character as well as the stop bit), only
one character consisting of all zeros (with the Framing
error status bit set) will be transferred to the Holding
Register. The RxD input must return to a high condition
before a search for the next start bit begins.

Pin 25 can be programmed to be a break detect output
by appropriate setting of MR27-MR24. If so, a detected
break will cause that pin to go high. When RxD returnsto
mark for one RxC time, pin 25 will go low. Refer to the
break detection timing diagram.

When the COM 2661 is initialized into the synchronous
mode, the receiver first enters the hunt modeona0to 1
transition of RXEN (CR2). In this mode, as data is shifted
into the Receiver Shift Register a bit at a time, the con-
tents of the register are compared to the contents of the
SYN1 register. If the two are not equal, the next bit is
shifted in and the comparison is repeated. When the two
registers match, the hunt mode is terminated and char-
acter assembly begins. If the single SYN operation is
programmed, the SYN DETECT status bitis set. If double
SYN operation is programmed, the first character assem-
bled after SYN1 must be SYN2 in order for the SYN
DETECT bit to be set. Otherwise, the COM 2661 returns
to the hunt mode. (Note that the sequence SYN1-SYN1-




SYN2 will not achieve synchronization). When syn-
chronization has been achieved, the COM 2661 con-
tinues to assemble characters and transfers them to the
Holding Register. The RxRDY status bit is set and the
RxRDY output is asserted each time a character is assem-
bled and transferred to the Holding Register. The Overrun
error (OE) and Parity error (PE) status bits are set as
appropriate. Further receipt of the proper SYN sequence
sets the SYN DETECT status bit. If the SYN stripping
mode is commanded, SYN characters are not trans-
ferred to the Holding Register. Note that the SYN char-
acters used to establish initial synchronization are not
transferred to the Holding Register in any case.

External jam synchronization can be achieved via pin 9
by appropriate setting of MR27-MR24. When pin 9 is an
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE-
SYNT1 detection is disabled. Each positive going signal
on XSYNC will cause the receiver to establish synchro-
nization on the rising edge of the next RxC pulse.
Character assembly will start with the RxD input at this
edge. XSYNC may be lowered on the next rising edge of
RxC. This external synchronization will cause the SYN
DETECT status bit to be set until the status register is
read. Refer to XSYNC timing diagram.

Transmitter

The COM 2661 is conditioned to transmit data when the
CTS input is low and the TXEN command register bit is
set. The COM 2661 indicates to the processor that it can
accept a character for transmission by setting the
TxRDY status bit and asserting the TXRDY output. When
the processor writes a character into the Transmit Data
Holding Register, the TXRDY status bit is reset and the
TxRDY output is returned to a high (false) state. Data
is transferred from the Holding Register to the Transmit
Shift Register when it is idle or has completed trans-
mission of the previous character. The TxRDY condi-
tions are then asserted again. Thus, one full character
time of buffering is provided.

In the asynchronous mode, the transmitter automatically
sends a start bit followed by the programmed number
of data bits, the least significant bit being sent first. It then
appends an optional odd or even parity bit and the pro-
grammed number of stop bits. If, following transmission
of the data bits, a new character is not available in the
Transmit Holding Register, the TxD output remains in
the marking (high) condition and the TXEMT/DSCHG
output and its corresponding status bit are asserted.
Transmission resumes when the processor loads a new
character into the Holding Register. The transmitter can
be forced to output a continuous low (BREAK) condi-
tion by setting the Send Break command bit high.

In the synchronous mode, when the COM 2661 is initially
conditioned to transmit, the TxD output remains high and
the TxRDY condition is asserted until the first character to
be transmitted (usually a SYN character) is loaded by the
processor. Subsequent to this, a continuous stream of
characters is transmitted. No extra bits (other than parity,
if commanded) are generated by the COM 2661 unless the
processor fails to send a new character to the COM 2661
by the time the transmitter has completed sending the
previous character. Since synchronous communication
does not allow gaps between characters, the COM 2661
asserts TXEMT and automatically “filis” the gap by
transmitting SYN1s, SYN1-SYNZ2 doublets, or DLE-SYN1
doublets, depending on the state of MR16 and MR17.
Normal transmission of the message resumes when a new
character is available in the Transmit Data Holding
Register. If the SEND DLE bit in the command register is
true, the DLE character is automatically transmitted
prior to transmission of the message character in the
transmit holding register.
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COM 2661 PROGRAMMING

Prior to initiating data communications, the COM 2661
operational mode must be programmed by performing
write operations to the mode and command registers.
In addition, if synchronous operation is programmed,
the appropriate SYN/DLE registers must be loaded. The
COM 2661 can be reconfigured at any time during pro-
gram execution. A flow chart of the initialization process
appears in Figure 1.

The internal registers of the COM_2661 are accessed by
applying specific signals to the CE, R/W, A1 and AQ
inputs. The conditions necessary to address each register
are shown in Table 5.

The SYN1, SYN2, and DLE registers are accessed by
performing write operations with the conditions A1=0,
A0=1, and R/W=1. The first operation loads the SYN1
register. The next loads the SYN2 register, and the third
loads the DLE register. Reading or loading the mode
registers is done in a similar manner. The first write (or
read) operation addresses Mode Register 1, and a sub-
sequent operation addresses Mode Register 2. If more

COM 2661 INITIALIZATION FLOW CHART

INITIAL RESET
-

LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

SYNCHRONOUS?
Y
LOAD

SYN 1 REGISTER

DOUBLE
SYNC?

NOTE

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

NOTE

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

TRANSPARENT

Y
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DLE REGISTER
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¢
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than the required number of accesses are made, the
internal sequencer recycles to point at the first register.
The pointers are reset to SYN1 Register and Mode
Register 1 by a RESET input or by performing a “Read
Command Register” operation, but are unaffected by any
other read or write operation.

The COM 2661 register formats are summarized in
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the
general operational characteristics of the COM 2661,
while the Command Register controls the operation
within this basic framework. The COM 2661 indicates
its status in the Status Register. These registers are
cleared when a RESET input is applied.

CE A1 A0 R/wW FUNCTION

1 X X X Tri-state data bus

0 0 0 0 Read receive holding register
0 o] 4] 1 Write transmit holding register
] o 1 0 Read status register

0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 1 [4] 0 Read mode registers 1and 2

0 1 i 0 1 Write mode registers 1 and 2

0 i i i v Read command register

0 1 1 1 i Write command register

NOTE

See AC Characteristics section for timing requirements.

Table 5—COM 2661 REGISTER ADDRESSING

MODE REGISTER 1 (MR1)

Table 6 illustrates Mode Register 1. Bits MR11 and MR10
select the communication format and Baud rate multi-
plier. 00 specifies synchronous mode and 1X multiplier.
1X, 16X, and 64X multipliers are programmable for
asynchronous format. However, the multiplier in asyn-
chronous format applies only if the external clock input
option is selected by MR24 or MR25.

MR13 and MR12 select a character length of 5,6, 7, 0r 8
bits. The character length does not include the parity bit,
if programmed, and does not include the start and stop
bits in asynchronous mode.

MR14 controls parity generation. If enabled, a parity bit
is added to the transmitted character and the receiver
performs a parity check on incoming data. MR15 selects
odd or even parity when parity is enabled by MR14.

In asynchronous mode, MR17 and MR16 select character
framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro-
grammed, 1.5, stop bits defaults to 1 stop bits on trans-
mit). In synchronous mode, MR17 controls the number
of SYN characters used to establish synchronization
and for character fill when the transmitter is idle. SYN1
alone is used if MR17=1, and SYN1-SYN2 is used when
MR17=0. If the transparent mode is specified by MR16,
DLE-SYN1 is used for character fill and SYN Detect, but
the normal synchronization sequence is used. When
transmitting, a DLE character in the transmit holding
register will cause a second DLE character to be trans-
mitted. This DLE stuffing eliminates the software DLE
compare and stuff on each transparent mode data char-
acter. If the send DLE command (CR3) is active when a
DLE is loaded into THR, only one additional DLE will be
transmitted. Also DLE stripping and DLE Detect (with
MR14=0) are enabled.

SYNCH: NUMBER | SYNCH: TRANS-

OF SYN CHAR | PARENCY CONTROL
0=DOUBLE SYN 0=NORMAL
1=SINGLE SYN 1=TRANSPARENT

MR17 ] MR16 MR15 MR14 MR13 l MR12 MR11 I MR10
Sync/Async Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00=INVALID 0=0DD 0=DISABLED 00=5BITS 00=SYNCHRONQUS 1X RATE
01=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONQOUS 1X RATE
10=1% STOP BIiTS 10=7 BITS 10=ASYNCHRONOUS 16X RATE
11=2 STGP BITS 11=8 BITS 11=ASYNCHRONOQUS 64X RATE

internal clock is selected. Mode must be selected (MR11, MR10) in any case.

NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if

TABLE 6 —MODE REGISTER 1 (MR1)

MODE REGISTER 2 (MR2)

Table 7 illustrates mode register 2 (MR23, MR22, MR21
and MR20 control the frequency of the internal baud rate
generator (BRG). Sixteen rates are selectable for each
COM 2661 version (-1, -2, -3). Version 1 and 2 speci-
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version
3 specifies a 5.0688 MHz input which is identical to the

COM 2651. MR23-20 are don't cares if external clocks
are selected (MR25-24=0). The individual rates are
given in table 2a, b and c.

MR24-MR27 select the receive and transmit clock source
(either the BRG or an external input) and the function
at pins 9 and 25. Refer to table 7.

MR-27-MR24 MR23-MR20
TxC RxC Pin9 Pin 25 TxC RxC Pin 9 Pin 25 Mode Baud Rate Selection
0000 E E T™xC RxC 1000 E E XSYNC’ RxC/TxC sync
0001 E I TxC 1X 1001 E 1 TxC BKDET async
0010 1 E 1% RxC 1010 1 £ XSYNC' RxC syne
0011 | | 1X X 1011 ! | 1X BKDET async See baud rates in table 2
0100 E E TxC RxC 1100 E E XSYNC' RxC/TxC sync
0101 E 1 TxC 16X 1101 E | T™*C BKDET async
0110 1 E 16X RxC 1110 t E XSYNC' RxC sync
o111 | | 16X 16X 11 1 1 16X BKDET async
NOTES

1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled.

E=External clock i=internal ciock (BRG)
1X and 16X are clock outputs

TABLE 7—MODE REGISTER 2 (MR2)
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COMMAND REGISTER (CR)

Table 8 iliustrates the Command Register. Bits CRO (TXEN)
and CR2 (RxEN) enable or disable the transmitter and
receiver respectively. A 0 to 1 transition of CR2 forces
start bit search (async mode) or hunt mode (sync mode)
on the second RxC rising edge. Disabling the receiver
causes RxRDY to go high (inactive). If the transmitter is
disabled, it will complete the transmission of the character
in the Transmit Shift Register (if any) prior to terminat-
ing operation. The TxD output_will then remain in the
marking state (high while the TxRDY and TxEMT will
go high (inactive). If the receiver is disabled, it will termi-
nate operation immediately. Any character being assem-
bled will be neglected. Bits CR1 (DTR) and CR5 (RTS)
control the DTR and RTS outputs. Data at the outputs
are the logical complement of the register data.

In asynchronous mode, setting CR3 will force and hold
the TxD output low (spacing condition) at the end of the
current transmitted character. Normal operation resumes
when CR3 is cleared. The TxD line will go high for at least
one bit time before beginning transmission of the next
character in the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the transmission
of the DLE register contents prior to sending the char-
acter in the Transmit Data Holding Register. Since this is
a one time command, CR3 does not have to be reset by
software. CR3 should be set when entering and exiting
transparent mode and for all DLE—non-DLE char-
acter sequences.

Setting CR4 causes the error flags in the Status Register
(SR3, SR4, and SR5) to be cleared. This is a one time
command. There is no internal latch for this bit. When
CRS5 (RTS) is set, the RTS pin is forced low and the trans-
mit serial logic is enabled. A 1 to 0 transition of CR5 will
cause RTS to go high (inactive) one TxC time after the
last serial bit has been transmitted (if the transmit shift
register was not empty).

The COM 2661 can operate in one of four sub-modes
within each major mode (synchronous or asynchronous).
The operational sub-mode is determined by CR7 and
CR6. CR7-CR6=00 is the normal mode, with the trans-
mitter and receiver operating independently in accor-
dance with the Mode and Status Register instructions.

In asynchronous mode, CR7-CR6=01 places the COM
2661 in the Automatic Echo mode. Clocked, regenerated
received data are automatically directed to the TxD line
while normal receiver operation continues. The receiver
must be enabled (CR2=1), but the transmitter need not
be enabled. Processor to receiver communications con-
tinue normally, but the processor to transmitter link
is disabled. Only the first character of a break condi-
tion is echoed. The TxD output will go high until the
next valid start is detected. The following conditions
are true while in Automatic Echo mode: )

1. Data assembled by the receiver are automatically

placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

2. The transmitter is clocked by the receive clock.

3. TxRDY output=1.

4. The TXEMT/DSCHG pin will reflect only the data set
change condition.

5. The TXEN command (CRO} is ignored.

In synchronous mode, CR7-CR6=01.places the COM
2661 in the Automatic SYN/DLE Stripping mode. The
exact action taken depends on the setting of bits MR17
and MR16:

1. In the non-transparent, single SYN mode (MR17-
MR16=10), characters in the data stream matching
SYNT1 are not transferred to the Receive Data Holding
Register (RHR).

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching
SYN1, or SYN2 if immediately preceded by SYN1, are
not transferred to the RHR.

3. In transparent mode (MR16=1), characters in the
data stream matching DLE, or SYN1 if immediately
preceded by DLE, are not transferred to the RHR.
However, only the first DLE of a DLE-DLE pair is
stripped.

Note that Automatic Stripping mode does not affect the
setting of the DLE Detect and SYN Detect status bits
(SR3 and SR5).

Two diagnostic sub-modes can also be configured. In

Local Loop Back mode (CR7-CR6=10), the following

loops are connected internally:

1. The transmitter output is connected to the receiver
input. _— —

2. DTR_ is connected to DCD and RTS is connected to
CTS.

3. The receiver is clocked by the transmit clock.

4. The DTR, RTS and TxD outputs are held high.

5. The CTS, DCD, DSR and RxD inputs are ignored.

Additional requirements to operate in the Local Loop

Back mode are that CRO (TxEN), CR1 (DTR), and CR5

(RTS) must be set to 1. CR2 (RxEN) is ignored by the

COM 2661.

The second diagnostic mode is the Remote Loop Back
mode (CR7-CR6=11). In this mode:

1. Data assembled by the receiver is automatically
placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

. The transmitter is clocked by the receive clock.

. No data are sent to the local processor, but the error
status conditions (PE, OE, FE) are set.

. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are
held high.

. CR1 (TxEN}) is ignored.

. All other signals operate normally.

o A~ N

CR? L CR6 CR5 CRa cR3 cR2 CR1 CRO
N Request to Receive Data Terminal Transmit
Operating Mode Send Reset Error Sync/Async Control (RXEN) Ready Control (TxEN)
_ ASYNCH:
00=NORMAL OPERATION 0 FORCEATS | 0=NORMAL FORCE BREAK
01=ASYNCH: AUTOMATIC QUTPUT HIGH| 1=RESET 0=NORMAL 0=DISABLE 0=FORCE DTR 0=DISABLE
ECHO MODE ONE CLOCK | ERROR FLAG 1=FORCE 1=ENABLE | OUTPUTHIGH | 1=ENABLE
SYNCH: SYN AND/OR TIMEAFTER |\ gTATUS BREAK 1=FORCE DTR
DLE STRIPPING MODE DAnSERIAL ) (FE OE. OUTPUT LOW
10=LOGAL LOOP BACK | FORCE RTS. | PE/DLE DETECT) [ SYNCH:
11=-REMOTE LOOP BACK OUTPUT Low SEND DLE
0=NORMAL
1=SEND DLE

TABLE 8—COMMAND REGISTER (CR)
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STATUS REGISTER (SR)

The data contained in the Status Register (as shown in
Table 9) indicate receiver and transmitter conditions and
modem/data set status.

SRO is the Transmitter Ready (TxRDY) status bit. It, and
its corresponding output, are valid only when the trans-
mitter is enabled. If equal to 0, it indicates that the
Transmit Data Holding Register has been loaded by the
processor and the data has not been transferred to the
Transmit Shift Register. If set equal to 1, it indicates that
the Hoiding Register is ready to accept data from the
processor. This bit is initially set when the Transmitter
is enabled by CRO, unless a character has previously
been loaded into the Holding Register. It is not set when
the Automatic Echo or Remote Loop Back modes are
programmed. When this bit is set, the TXRDY output pin
is low. In the Automatic Echo and Remote Loop Back
modes, the output is heid high.

SR1, the Receiver Ready (RxRDY) status bif, indicates
the condition of the Receive Data Holding Register. If set;it
indicates that a character has been loaded into the
Holding Register from the Receive Shift Register and is
ready to be read by the processor. If equal to zero, there
is no new character in the Holding Register. This bit is
cleared when the processor reads the Receive Data
Holding Register or when the receiver is disabled by CR2.
When set, the RxRDY output is fow.

The TXEMT/DSCHG bit, SR2, when set, indicates either
a change of state of the DSR or DCD inputs (when CR2
or CRO=1) or that the Transmit Shift Register has com-
pleted transmission of a character and no new character
has been loaded into the Transmit Data Holding Register.
Note that in synchronous mode this bit will be set even
though the appropriate “fill” character is transmitted.
TXEMT will not go active until at least one character has
been transmitted. It is cleared by loading the Transmit
Data Holding Register. The DSCHG condition is enabled
when TXEN=1 or RXEN=1. It is cleared when the status

register is read by the processor. If the status register is
read twice and SR2=1 while SR6 and SR7 remain
unchanged, then a TXEMT condition exists. When SR2 is
set, the TXEMT/DSCHG output is low.

SR3, when set, indicates a received parity error when
parity is enabled by MR14. In synchronous transparent
mode (MR16=1), with parity disabled, it indicates that
a character matching the DLE Register has been received,
and the present character is neither SYN1 nor DLE. This
bit is cleared when the next character following the
above sequence is loaded into the Receive Data Holding
Register, when the receiver is disabled, or by a reset
error command, CR4.

The Overrun Error status bit, SR4, indicates that the
previous character loaded into the Receive Holding
Register was not read by the processor at the time a new
received character was transferred into it. This bit is
cleared when the receiver is disabled and by the Reset
Error command, CR4.

In asynchronous mode, bit SR5 signifies that the re-
ceived character was not framed by a stop bit, i.e., only
the first stop bit is checked. If the RHR contains all
0’'s when SR5=1, a break condition is present. In syn-
chronous non-transparent mode (MR16=0), it indicates
receipt of the SYN1 character in single SYN mode or the
SYN1-SYN2 pair in double SYN mode. In synchronous
transparent mode (MR16=1), this bit is set upon detec-
tion of the initial synchronizing characters (SYN1 or
SYN1-SYN2) and, after synchronization has been
achieved, when a DLE-SYN1 pair is received. The bit is
reset when the receiver is disabled, when the Reset Error
command is given in asynchronous mode, or when the
Status Register is read by the processor in the syn-
chronous mode.

SR6 and SR7 reflect the conditions of the DCD and DSR
inputs respectively. A low input sets the corresponding
status bit and a high input clears it.

SR? SRE SRS SR4 SR3 SR2 SR1 SRO
Oata Set Data Carrier | FE/SYN Detect Overrun PE/DLE Delect | TxEMY/DSCHG RxADY TxRDY
0=DSRINPUT | 0=DCD INPUT | ASYNCH: 0=NORMAL 0=NORMAL 0=RECEIVE 0=TRANSMIT
IS HIGH ISHIGH 0= NORMAL 1=OVERRUN | ASYNCH: 1=CHANGE HOLDINGREG | HOLDING
1=DSAINPUT | 1=DCDINPUT | [Z o i ERROR 0=NORMAL INDSROR EMPTY REG BUSY
ISLOW 1ISLOW ERROR 1=PARITY DCD.OR 1=RECEIVE 1=TRANSMIT
ERROR TRANSMIT HOLDING REG | HOLDING
SYNCH: SYNCH- SHIFTREGIS- | HASDATA REG EMPTY
0=NORMAL TERIS
1=SYN CHAR 0=NORMAL EMPTY
DETECTED T=PARITY
ERROR
OR
DLECHAR
RECEIVED

TABLE 9—STATUS REGISTER (SR)
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TIMING DIAGRAMS

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])

TxC (1)
. 4102439495911 2,3p4)54112)3,4)591)2)3)4551152)3)4}15)
TxD l OATA 1 | DATA 2 | DATA3 l SYN1 I DATA 4 l
w 1 | 1 I !
S | men | ] 1 [ |
z 1 1 | |
§ | ! : | !
T3RDV 1
2 < TxRBY I
I
Q
z $
£
@

DATA1 DATA 2 DATA 3 DATA 4

r ~—D—P- A 1,2,3,4,5)8 C A 1,2,3, 4,5, 8B C A,1,2,3,4,5,8 Cqg—D—Payl;2

<D I I DATA 1 l l I DATA2 I L l pataa | ]
I | H 1

| 1
1

|
i |
] |

—

ASYNCHRONOUS MODE
A

DATA 1 DATA 2 DATA3 DATA 4

NOTES

A =Start bit

B =Stop bit 1

C =Stop bit 2

D =TxD marking condition

TxEMT goes fow 1t the beginning of the last data bit. or, if parity is enabled. at the beginning of the parity bit.

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])

= UL LU UL LU UL U U UL

Pi02p334 59112, 3)45, 123,451 ,23,4;5,1,2,3,45,1,2,3,4,5,

("nxo | SYN1 | DATA1 | DATA 2 1 DATA3 | DATA4 | DATAS |
- TGNORED >

RxEN _I

S8 r—r] ,
\ :
7

SYNCHRONOUS MODE
A

FRBY
TEFon T
READ u \U !J
READ READ READ READ READ READ
g STATUS STATUS RHR RHR RHR RHA
(DATA 1} (DATA 2) {DATA 3) (DATA 3)

~

D
<P A 12,314 5 B C A1 24354518 C = D)— A(1342131455]8 Api1j233
RxD I l DATA 1 | I | DATA 2 | -] | DATA 3 I I DATA4

o]

L‘ w U

ASYNCHRONOUS MODE
A

OVERRUN
STATUS BIT

N

READ
RHR RHR
(DATA 1) {DATA 3)
NOTES
A =Startbit
B =Stopbit 1
C =Stopbit2

D =TxDmarking condition
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TIMING DIAGRAMS (Cont'd)

RESET CLOCK
|t tgRH et tpRL ]
t— 1R/TH — et tR/TL ]
RESET ,_\ ,———\-—

nes BRCLK, TxC, AxC — N/

- gRg

g

TRANSMIT RECEIVE
1 BIT TIME

xC
(OUTPUT)

(1, 16, OR 64 CLOCK PERIODS) -

Yres

———

' TRXS

RxC (1X)

——
SR, G
1, 1 taxH ]

READ AND WRITE

ﬁ—s
N y, F
tce ~+—tcep
——— e —————
AcA,
—— — —_—
tas —-— taH —o=]
PP - - = e
A/w
- | U
tes — ten =] j—
oD, PRI Y
weme L \1\_ .
j—tpg—s{ |a—1p,
——
DeDr - BUS TN NOT V' paravaun] W mus FLoating
(READ) FLOATING VALID I\
ft—1pp ‘or "-

EXTERNAL SYNCHRONIZATION WITH XSYNC

Juyuuut

to-»| I‘— tes - XSYNC SETUP TIME - 300ns
I
— t,

RxD nnnnn

V
CHARACTER ASSEMBLY

1X RxC

XSYNC

BREAK DETECTION TIMING

t. =XSYNC HOLD TIME-- ONE RxC

RxC~16 r
or 64 f . ]
| iy LOOK FOF START BiT = LOW(iF RxD IS HiGH,
H LOOK FOR HIGH TO LOW TRANSITION)
R TART. ECK MADE (R
xD —/ | , ;FALSE, START BIT CHECI (RxD LOW)
mssmTGE ggp BIT _j‘
D
1ST DATA BIT
SET FE BIT MISSING STOP BIT DETECTED,
SAMPLED SET FE BIT.
0-- RHR, ACTIVATE RxRDY.
SET BKDET PIN.
NOTE . . RxD INPUT -RxSR UNTIL A MARK
::‘h; ;'og:'bn is present, the star! bit TO SPACE TRANSITION OCCURS.
wil
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNGE ...ttt ittt ettt ie it enaeenaeanas 0°C to + 70°C
Storage Temperature Bange ......... ... i —55°C to +150°C
Lead Temperature (soldering, 10 S8C.) ...ttt ittt ittt ittt ie it an et e rateneaaaneennennns +325°C
Positive Voltage on any Pin, with respecttoground ....... ..o i +18.0V

Negative Voltage on any Pin, with respecttoground ......... ... . i —0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or at any other condition above those indicated in the operational sections of this
specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their
outputs when the AC power is switched on and off. In addition, voltage transients-on the AC power line may appear on the
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

L =
(=]
DC ELECTRICAL CHARACTERISTICS. To=0°Cto+70°C, Vcc=5.0V+5% e
. . w
w
PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Input voltage :
Vi Low 0.8 v
ViH High 20
Output voltage
Voo Low - .04 \ loe=2.2mA
Vor High 24 . lon=—400uA
I Input leakage current 10 pA Vin=01t0 5.5V
Output leakage current [ -
lin Data bus high : 10 LA ' Vo=4.0V
lw Data bus low 10 HA Vo=0.45V
lcc Power supply current 150 mA
Capacitance
Cw Input 20 pF fc=1MHz
Cour Output 20 pF Unmeasured pins tied
Cio Input/Output 20 pF to ground
AC ELECTRICAL CHARACTERISTICS Ta=0°C to+70°C, Vcc=5.0V£5%
PARAMETER . MIN TYP MAX UNIT TEST CONDITIONS
Pulse width
tres Reset 1000 ns
tce Chip enable 250 ns
Setup and hold time
tas Address setup 10 ns
tan Address hold 10 ns.
tes R/W control setup 10 ns
ten R/W control hold 10 ns
tos Data setup for write 150 ns
ton, . Datahold for write 0 i ns
taxs Rx data setup 300 ns
trxu Rx data hold . 350 ns
too . . Datadelay time forread . 200 ns C.=150pF
tor Data bus floating time .
__forread 100 ns C_.=150pF
tceo CE to CE delay 600 ns
" Input clock frequency )
fera Baud rate generator 1.0 49152 4.9202 MHz
(2661-1,-2) )
fara Baud rate generator 1.0 5.0688 5.0738 MHz
(2661-3) ) .
fr7' TxC or RxC dc 10 MHz
Clock width o ’
tean . Baud rate high . 75 ns farc=4.915MHz; measured
‘ (2661-1, -2) ‘&t Vin
tean Baud rate high 70 ns terc="5.0688MHz; measured
(2661-3) at Vin
tens Baud rate low 75 ns ferc=14.915MHz; measured
(2661-1, -2) at Vi,
teaL Baud rate low 70 ns fere=5.0688MHz; measured
(2661-3) atVu
trThi TIxCorBxC high 480 ns
tam TxC or RxC low 480 ns
txo TxD delay from falling
edge of TxC 650 ns C.=150pF
tics Skew between TxD
changing and falling
edge of TxC output o] ns C.=150pF

NOTE: . .
1. farand ts 7. shown all modes except Local Loopback. For Local Loopback mode -
ta7=0.7MHz and tr 7.=700ns min.
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TYPICAL APPLICATIONS

ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE

: TO TERMINAL OR
TO CRT TERMINAL PERIPHERAL DEVICE

Y ADDRESS BUS ) Y 'ADDRESS BUS 1

[ | |

j CONTROL BUS ) ‘_‘ CONTROL Bus Y
1 DATA BUS ] \ DATA BUS 1
@ | )
D <—= Eatorn D -
%0 p——mmmip] (oFn ;;: SYNCHRONOUS
COM 2661 b COM 2661 = ; OR PERIPHERAL
s s,
ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE
TO TELEPHONE LINES TO TELEPHONE LINES
ADDRESS BUS 1 ADDRESS BUS {

T . I — X
:11 T :1r N

DATA BUS j DATA BUS ‘
RxD [y =
=0 P - =D . -
] 3 . r
om ) R el =
comzesr TS oe— com2661 OBPe—]  smc o
ATE o—> &8 -
mbq-g 1
sRCLK [ 5.0688 MHz T BTR o—] T
OSCILLATOR TELEPHONE
.m‘om LINE

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
CORPORATION

tions, consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
35 Marcus Bivd, Hapauge N 1788 3sumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
(51612733100 Twx-5i0-227-8898  devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
We keep ahead of our competition s0¥ou can keep ahead of yours,  at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
COCORATON s COM 5025

Multi-Protocol
Universal Synchronous Receiver/Transmitter

USYNR/T
FEATURES , PIN CONFIGURATION
. . L\
O Selectable Protocol—Bit or Byte oriented g 4o use
O Direct TTL Compatibility s bod SR8
O Three-state Input/Output BUS sFR(] 4 370 Trens
O Processor Compatible—8 or 16 bit Pocds *Bron
0O High Speed Operation—1.5 M Baud—typical. rsal7 u % macT
O Fully Double Buffered—Data, Status, and Control Registers et SR
O Full or Half Duplex Operation—independent Transmitterand DmE 0 ) g oees
Receiver Clocks Serar2 s E o
_ —individually selectable data oe11{]13 2 ook
!Igngth for Receiver and gZ]iE " =B ﬁ?:;‘é
o4} 25(] D
ransmitter . os1s 17 24 g DBg7
[0 Master Reset—resets all Data, Status, and Control Registers wa Ohe 237 opENA
0 Maintenance Select—built-in self checking n2gw 22[] BYTEOP
a1[]20 21 [] As
PACKAGE: 40-Pin D.I.P.
BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP BYTE ORIENTED PROTOCOLS—BiSync, DDCMP
O Automatic bit stuffing and stripping O Automatic detection and generation of SYNC characters

0O Automatic frame character detection and generation
0 Valid message protection—a valid received message is SELECTABLE OPTIONS:
protected from overrun O Variable Length Data—1 to 8 bit bytes
0 Residue Handling—for messages which terminate with a 0O Variable SYNC character—5, 6, 7, or 8 bits
partial data byte, the number of valid O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)

data bits is available —VRC (odd/even parity)
—None
SELECTABLE OPTIONS: O Strip Sync—deletion of leading SYNC characters after
0O Variable Length Data—1 to 8 bit bytes synchronization ]
[ Error Checking—CRC (CRC16, CCITT-0, or CCITT-1) 0 Idle Mode—idle SYNC characters or MARK the line
—None

O Primary or Secondary Station Address Mode

0 All Parties Address—APA

0O Extendable Address Field—to any number of bytes
O Extendable Control Field—to 2 bytes

O Idle Mode—idle FLAG characters or MARK the line
0 Point to Point, Multi-drop, or Loop Configuration

APPLICATIONS
[ Intelligent Terminals [ Remote Data Concentractors
O Line Controliers O Communication Test Equipment
[J Network Processors [ Computer to Computer Links

[ Front End Communications 1 Hard Disk Data Handler
139
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General Description

The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial
data communication channels while requiring a minimum of controller overhead.

The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the
controller, some degree of intelligence in each controller of the device is necessary.

Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 with a
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between
them will be discussed in their respective sections. Conventional synchronous protocols that are control
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP
will also be referred to as CCP protocols.

The COM 5025 is designed to operate in a synchronous communications system where some external
source is expected to provide the necessary received serial data, and all clock signals properly
synchronized according to EIA standard RS334. The external controller of the chip will provide the
necessary control signals, intelligence in interpreting control signals from the device and data to be
transmitted in accord with RS334.

The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the
device will be responsible for all higher level decisions and interpretation of some fields within message
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and
transmitter logic operate as two totally independent sections with a minimum of common logic.

References:

1. ANSI—American National Standards Institute 3. EIA—Electronic Industries Association
X353, XS34/589 TR30, RS334
202-466-2299 202-659-2200

2. CCITT—Consultative Committee for international 4. IBM
Telephone and Telegraph General Information Brochure, GA27-3093
X.25 Loop Interface—OEM Information, GA27-3098
202-632-1007 System Journal—Vol. 15, No. 1, 1976; G321-0044

Terminology

Term Definition Term Definition
BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followed by 7-1's)
ccrP Controi Charactier Protocois: BiSync, DDCMP LSB First transmitted bit, First received bit
TDB Transmitter Data Buffer . MSB Last transmitted bit, Last received bit
RDB Receiver Data Buffer RDP Receiver Data Path
TDSR Transmitter Data Shift Register TDP Transmitter Data Path
FLAG 01111110 LM Loop Mode

ABORT 11111111 (7 or more contiguous 1's)
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BLOCK DIAGRAM

MASTER
RESET

i

RCP (o -O TCP
RXENA O
~—O TXEN
RXACT Ot TIMING & CONTROL TXAC:
RDA [o 0 TSA
RSA  Qeem- =0 TBMT
TX SERIAL DATA OUT -
J\) L TX PARITY GEN
SYNC/ADDR
SFR O COMPARE
DATA STRIP
AS) STEER ZERO |qml PIRELNE | o) Fopmat TX CRC GEN
(RCVA SERIALINPUT) | LOGIC LOGIC W DATA
wanr o——F l | selECT
FRAME RCVR ACVR & TxDATA
! ‘CHAR CRC DATA TX DATA REG serer
REG GEN REGISTER
+12v O—t U ﬂ ¢—=0 TS0
TX TPUT)
+5v O (TX SERIAL OUTPUT)
P,
GND O~a= DETECT Ay DETECT TX DATA CONTROL c%’ggs STUPF ZERO L
T ¥
LG ABRT o v A~ creetmon
NV
TO TIMING & CONTROL
< S ¥
RCVR MODE DATA L RCVR SYNG/
STATUS CONTROL LENGTH SEL STATUS & DATA ADDRESS DATA
REG REG REG CNTRLREG BUFFER REG BUFFER
M & ™ 'e
| TRISTATE /O BUS ADDRESS DECODE TRI STATE /0 BUS
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DB15  DB14  DB13

sl 4L Ti&iéi ;uruu

oB12  0B11  DBY DB#9  DBES Ao A Az  WR DPENA BYTEOP DBg7  DBE6  DBPS DBF4  DBg3 DBg2 DByt  DegY
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Description of Pin Functions

PinNo. Symbol Name O Function

1 Voo Power Supply PS  +12volt Power Supply.

2 RCP Receiver Clock | The positive-going edge of this clock shifts data into the receiver shift register.

3 RSI Receiver Serial Input | This input accepts the seriali bit input stream.

4 SFR Sync/Flag O  This outputis set high, for 1 clock time of the

Received RCP, each time a sync or flag character is received.

5 RXACT Receiver Active O  Thisoutput is asserted when the RDP presents the first data character of the
message to the controller. In the BOP mode the first data characteris the first
non-flag character (address byte). Inthe CCP mode: 1. if strip-syncis set; the
first non-synccharacteris the first data character 2. if strip-sync is not set; the
first data character is the character following the second sync. In the BOP
mode the trailing (next) FLAG resets RXACT. Inthe CCP mode RXACT
isneverreset, it can be cleared via RXENA.

6 RDA Receiver Data O  This output is set high when the RDP has assembled an entire character and

Available transferred it into the/RDB. This output is reset by reading the RDB.
7 RSA Receiver Status O  Thisoutput is set high: 1. CCP—in the event of receiver over run (ROR)
Available or parity error (if selected), 2. BOP—in the event of ROR, CRC ervor (if selected)
receiving REOM or RAB/GA. This output is reset by reading the
receiver status register or dropping of RXENA.

8 RXENA  Receiver Enable | Ahighlevelinput aliows the processing of RS1 data. Alow
level disables the RDP and resets RDA, RSA and RXACT.

9 GND Ground GND Ground

10 DBg8 Data Bus /O  Bidirectional Data Bus.

1 DBg@9 Data Bus /0 Bidirectional Data Bus.

12 DBig Data Bus /O Bidirectional Data Bus.

13 DB11 Data Bus /O  Bidirectional Data Bus. { wire “OR” with DB@@-DBg7

14 DB12 Data Bus 1/0  Bidirectional Data Bus. [ For 8 bit data bus

15 DB13 Data Bus /O Bidirectional Data Bus.

16 DB14 Data Bus /O  Bidirectional Data Bus.

17 DB15 Data Bus /O Bidirectional Data Bus.

18 W/R Write/Read I Controls direction of data port. W/R=1, Write. W/R=0, Read.

19 A2 Address 2 | Address input—MSB.

20 A1l Address 1 | Address input.

21 Ad Address 0 | Address input—LSB.

22 BYTEOP Byte Operation I If asserted, byte operation (data port is 8 bits wide) is
selected. if BYTE OP =0, data port is 16 bits wide.

23 DPENA  Data Port Enabie | Strobe for data port. After address, byte op, W/R and data are set-up DPENA
may be strobed. If reading the port, DPENA may reset (depending on register
selected by address) RDA or RSA. If writing into the port, DPENA may reset
(depending on register selected by address) TBMT.

24 DBg7 Data Bus /O Bidirectional Data Bus—MSB.

25 DBgé Data Bus /O Bidirectional Data Bus.

26 DB@gs Data Bus /0 Bidirectional Data Bus.

27 DB Data Bus YO  Bidirectional Data Bus.

28 DB#3 Data Bus /O  Bidirectional Data Bus.

29 DBg2 Data Bus /O  Bidirectional Data Bus.

30 DBg Data Bus /O  Bidirectional Data Bus.

3 DBgg Data Bus YO Bidirectional Data Bus—LSB.

32 Vee Power Supply PS  +5 volt Power Supply.

33 MR Master Reset | Thisinput should be pulsed high after power turn on. This will: clear all flags, and
status conditions, set TBMT=1, TSO=1 and place the device in the primary
BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1's.

34 TXACT Transmitter Active O  This output indicates the status of the TDP. TXACT will go high after asserting
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one
haif clock after the byte during which TXENA is dropped.

35 |NMT Transmitter Butfer C Thiscutputis ata highlevel when the TDB

Empty orthe TX Status and Control Register may be loaded with
the new data. TBMT=0 on any write access to TDB or TX Status and
Control Register. TBMT retuins high when the TOSR is loaded.
36 TSA Transmitter Status O  TERR bit, indicating transmitter underfiow.
Available Reset by MR or assertion of TSOM.

37 TXENA  Transmitter Enable I Ahighlevel input allows the processing of transmitter
data.

38 TS0 Transmitter Serial O This output is the transmitted character.

Output

38 TCP Transmitter Clock | The positive going edge of this clock shifts data out of the
transmitter shift register.

40 MSEL  Maintenance ! Internally RSI becomes TSO and RCP becomes TCP.

Select Externally RS| is disabled and TSO=1.
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Definition of Terms
Register Bit Assignment Chart 1 and 2
DataBus Term Definition

DB@8 RSOM Receiver Start of Message—read only bit. in BOP mode only, goes high when first non-flag (address byte)
character loaded into RDB. It is cleared when the second byte is loaded into the RDB.

DB REOM Receiver End of Message—read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA.

DB1§ RAB/GA Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an
ABORT character; if LM=1 this bitis set on receiving a GO AHEAD character. This is cleared on reading of
Receiver Status Register or dropping of RXENA.

DB11 ROR Receiver Over Run—read only bit. Set high when received data transferred into RDB and previous data has not
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status
Register or dropping of RXENA.

DB12-14 A,B,C Assembled Bit Count—read only bits. In BOP mode only, examine when REOM=1. ABC=0, message terminated
on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC
= number of valid bits available in RDB (right hand justified).

DB15 ERR CHK Error Check—read only bit. In BOP set high it CRC selected and received in error, examine when REOM=1. in
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR
CHK = 1if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the
message.
DB8 TSOM Transmitter Start of Message—W/R bit. Provided TXENA=1, TSOM nitiates start of message. In BOP, TSOM=1
generates FLAG and continues to send FLAG’s until TSOM=0, then begin data. in CCP: 1. IDLE=0, transmit out of
SYNC register, continue until TSOM=0, then begin data. 2. IDLE =1 transmit out of TDB. In BOP mode there is also

Receiver Status Register

=
[=]
=
(=]
re)
o>

a Special Space Sequence of 16-0’s initiated by TSOM=1 and TEOM=1. SSS is followed by FLAG. 5
DB9 TEOM Transmit End of Message—W/R bit. Used to terminate a message. In BOP mode, TEOM=1 sends CRC, then X

FLAG:; if TXENA=1 and TEOM=1 continue to send FLAG’s, if TXENA=0 and TEOM=1 MARK line. In CCP: 1. % 2

IDLE=0, TEOM=1 send SYNC, it TXENA=1 and TEOM=1 continue to send SYNC'’s, if TXENA=0and TEOM=1 &

MARK line. 2. IDLE=1, TEOM=1, MARK line. 59
DB19 TXAB Transmitter Abort—W)/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=0, transmit ABORT =&

2. IDLE=1, transmit FLAG. £38
DB11 TXGA Transmit Go Ahead—W/R bit. In BOP mode only, modifies character called for by TEOM. GA sentin place of FLAG. § 2

Allows loop termination—GA character. &
DB15 TERR Transmitter Error—read only bit. Underflow, set high when TDB not loaded in time to maintain continuous

transmission. In BOP automatically transmit: 1. IDLE=0, ABORT 2. IDLE=1, FLAG. In CCP automatically transmit:

1. IDLE=0, SYNC 2. IDLE=1, MARK. Cleared by TSOM.

DBs-1¢  X)Y,Z z Y X —W(/R bits. These are the error control bits.

0 0 0 X164+ X12+ X5+ 1 CCITT—lInitialize to “1”

0 0 1 X164+ X124+ X5+ 1 CCITT—Initialize to “0”

0 1 0 Not used

0 1 1 X%+ X15+ X2+ 1—CRC16

1 [ 0 0Odd Parity—CCP Only »

1 0 1 Even Parity—CCP Only 2

1 1 4] Not Used -

1 1 1 Inhibit all error detection and transmission 4

Note: Do not modify XYZ until both data paths are idie °
DB11 IDLE IDLE mode select—W(/R bit. Affects transmitter only. In BOP—control the type of character sent when TXAB €

asserted or in the event of data underflow. In CCP—controls the method of initial SYNC character transmissionand S

underflow, “1" = transmit SYNC from TDB, “ 0" =transmit SYNC from SYNC/ADDRESS register. o
DB12 SECADD Secondary Address Mode—W/R bit. In BOP mode only—after FLAG looks for address match prior to activating é

RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1.
DB13 STRIP SYNC/LOOP Strip Sync or Loop Mode—W/R bit. Effects receiver only. In BOP mode—allows recognition of a GA character. In
CCP—after second SYNC, strip SYNC; when first data character detected, set RXACT =1, stop stripping.

DB14 PROTOCOL PROTOCOL—WI/R bit. BOP=0, CCP=1
DB15  "APA All Parties Address—W(/R bit. If selected, modifies secondary mode so that the secondary address or 8-1's will
activate the RDP.
DB13-15 TXDL Transmitter Data Length—W/R bits.
TXDL3 TXDL2 TXDL1 LENGTH
0 0 0  Eight bits per character
1 1 1 Seven bits per character
1 1 0  Six bits per character
1 0 1 Five bits per character
1 0 0  Four bits per character*
0 1 1 Three bits per character* 3
0 1 0  Two bits per character* 2
0 0 1  One bit per character* e
*For data length only, not to be used for SYNC character (CCP mode). 5
DB8-1¢  RXDL Receiver Data Length—W/R bits. 2
RXDL3 RXDL2 RXDL1 LENGTH 3
o] 0 0  Eightbits per character £
1 1 1 Seven bits per character 2
1 1 0  Six bits per character 3
1 0 1 Five bits per character s
1 0 0  Four bits per character 8
0 1 1 Three bits per character
0 1 0  Two bits per character
0 0 1 One bit per character
DB11 EXCON Extended Control Field—W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should
not be set if SEC ADD =1.
DB12 EXADD Extended Address Field—W/R bit. In receiver only; LSB of address byte tested for a “1”. If NO—continue receiving

address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD =1.
*Note: Product manufactured before 1Q79 may not have this feature. 1 43



Register Bit Assignment Chart 1

REGISTER DPB7 DPg6  DPg5
Receiver Data RD7 RD6 RD5
Bufter
(Read Only- MSB
Right Justified-
Unused Bits=0)
Transrpmer Data TD7 TDR 05
Register
(Read/Write- MSB
Unused Inputs=X)
Sync/Secondary SSA7 SSA6 SSA5
Address
(Read/Write- . MSB
Right Justified-

Unused Inputs=X)

DPg4 DP@3 DPg2 DP#1 DPgg

RD4 - RD3 RD2 RD1 RD@
LSB
TD4 TD3 TD2 TD1 TDg
LSB

SSA4 SSA3 SSA2 SSA1 SSAg
LSB

Register Bit Assignment Chart 2

REGISTER DP15 DP14 DP13
Receiver Status ERR CHK Cc B
(Read Onty)
TX Status TERR 0 0
and Control (Read Only)
(Read/Write)
Mode Control *APA  PROTOCOL STRIP
(Read/Write) SYNC/
LOOP
Data Length TXDL3 TXDL2 TXDL1
Select
(Read/Write)

DP12 DP11 DP14 DP9 DPgs

A ROR RAB/GA  REOM RSOM

0 TXGA TXAB TEOM TSOM
SECADD IDLE Z Y X

EXADD EXCON  RXDL3 RXDL2 RXDL1

*Note: Product manufactured before 1079 may not have this feature.

Register Address Selection

1) BYTE OP = 0, data port 16 bits wide

A2 A1 Ad
0 0 X
0 1 X
1 0 X
1 1 X
X = don't care
2) BY7TE OF = 1, daia pori 8 bils wide
A2 Al Ag
0 0 4]
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Register

Receiver Status Register and Receiver Data Buffer

Transmitter Status and Control Register and Transmitter Data Buffer
Mode Control Register and SYNC/Address Register

Data Length Select Register

Register

Receiver Data Buffer

Receiver Status Register

Transmitter Data Buffer

Transmitter Status and Control Register
SYNC/Address Register

Mode Control Register

Data Length Select Register
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BOP TRANSMITTER OPERATION

INITIALIZE

MARK LINE

SEND FLAG

UNDERRUN
=1?

TRANSMIT
ABORT
CHARACTER

RESET
UNDERRUN

—O

(PROCESSOR LOAD OR MASTER RESET)

ABORT
CHARACTER
SEND
GO AHEAD
SEND
CRC
SEND 1 BYTE SEND
OF DATA FLAG
FROM TDB
STUFF ZERO,
ACCUMULATE
CRC
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CCP TRANSMITTER OPERATION

INITIALIZE

i

SET MODE

(PROTOCOL = 1; XYZ = CRC 16)

O

TRANSMIT
SYNC FROM
SYNC REG

SERIALIZE
DATA
ACCUI IAULATE

CRC
NO
YES

TRANSMIT
CRC

TRANSMIT
SYNC

SEND SYNC

. RESET
UNDERRUN

=
=}
=
©
pre}
w
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CCP RECEIVER TIMING

S T T P P i T R

W/R=1
NOTE 1

MR

DPENA
(not ciock edge related)

RXENA __J

|<|—~—-smc—>i<—sv~c-—>|

l-l-l ”_L-fl ”—L,, /_Lﬂ ”_L
W/R=0 W/R=0 W/R=0 W/R=0

READ READ READ
8TX DATA 1

READ
ETX

:

w 1 [ 1 U o T o

RXACT ‘L
ROR
ERR CHK

NOTE 1--Mode set for CCP witn CRC wlacted
NOTE 2--If overrun had occured —no READ STX
NOTE 3—ERR CHK raust be sampled before next byte or bafore RXENA brought low

l I
o
1 ex | ore. | } [

R B U B _[—L= _l_l_
[ore2 I I

|
1 ! |

{Notez I

: S s il

CCP TRANSMITTER OPERATION

w UL, e, S A A 1w L

w L
I i

NOTE 1 . LOAD
MODE SYNC TSOM=1 TSOM=1 TSOM=0  STX

DPENA _ﬂ__’_l rI rL

TXENA .,

n_n<— NOTE 2 ———=| I-I n rL_

I

LOAD LOAD
DATA 1 ETX TEOM=1

(not clock sdge related) | |
FIRST SYNC SECOND SYNC
SENT

L

|
I

TBMT 2’% I Il I-—‘ . i -
|

'—L«/J_/ A Ly eI

A
TXACT
2 LI
7
T80 I

’ MARK

NOTE 1—Mode is CCP with CRC selected
NOTE 2—Trailing edge: of DPENA. must occur at Isast one-half
clock pulse prior to TBMT=1 to avoid underrun

i A
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BOP RECEIVER TIMING

M, Uy U, L LT LTLr

MR W/R=0 W/R=0 W/R=0 WIR: =0 WIR= WiR=0 W/R=0
WR=1 Address Byte Read Status Control Byte  Data Byte 1 Dala Byu #2 Data Bym 3 DataByte #4  Read Status
n
0o
TE1 e
DPENA NoTE — gt
ot clock edge related

ale
-

S
sFR ﬁ—m —_ﬁfr!e—l_L ' beFLAG... " FLAG]

- T [ EER T N [ore Jore ] 1 .
N/ I T B B (O
7 | e L
o 0 I

- -

ERR,CHK, ABC, —_— -
ROR, RAB/GA :—NOTE 2 r ﬂl

NOTE 1—If required-but not done In this example. - -———
NOTE 2—1f no DPENA to read Data Byle #2.

BOP TRANSMITTER OPERATION
J_l_I_U._I_L_F/J_U_ UL, L, U

TSOM=1

Load Load Load
TSOM=0 Address H Comrol Data Length Data Byte TEOM=1

” ltNo«n-| ”

Iy "L J L S

TXACT ZZZ] - I—
F-FLAG-H ——‘ I"—FU‘G"' ) ”“" ___MaARK
150 %_‘“L_I— _'l “address Byte ng [ Lastoatanye [cre ,“E [ l I

Note 1—Trailing edge of DPENA must occur at least one-half clock
SECTION Wi

DPENA
not clock edge refated :

TBMT

pulse prior 1o TBMT =1, To aveid underrun.




AC TIMING DIAGRAMS

RCP ‘
ee 300 ns
1300 ns |
- RXACT
TBMT
300 ns
RDA, RSA
DPENA DPENA
W/R=1 W/R=0
to Transmitter to Receiver
Registers Registers
300 ns 300 ns
TBMT
\ RDA, RSA \

TCP

—1150 ns
RXENA
300 ns, min
T80 X

Resets: RDP-RDA, RSA,

300 ns RXACT, receiver
into search
TXACT mode (for FLAG)

Note: Unless otherwise specified all times are maximum.

Data Port Timing

cxem-) ///><L__+_.1.__JW/////
/TN

= ISR X,

READ FROM USYNR/T
avrecowes /117 LTINS NS,
A AL A,

e

E

Tos —’ Tou
7777
DBS'A.?AE‘S/:FL%‘ASTS :3>< x;iiiz/;
/

WRITE TO USYNR/T
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNGE .. ........o.tutuiuiitie ottt it eeean caaaenes 0°Cto + 70°C
Storage Temperature RaNgEe . .. .. ...ttt it e e e —55°Cto +150°C
Lead Temperature (soldering, 10 SEC.) . ... .. .uuiuii ittt it it a e +325°C
Positive Voltage on any Pin, withrespecttoground. ... .. ..o +18.0V
Negative Voltage on any Pin, withrespecttoground ........ ... ... o i -0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or ““glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. For example, the
bench power supply programmed to deliver + 12 volts may have large voltage transients when the
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

=
(=3
faey
o
w
w

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, Voo=+12V+5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Comments
D.C. Characteristics
INPUT VOLTAGE LEVELS
Low Level, Vi 0.8 \
High Level, Vi 20 Vce \
OUTPUT VOLTAGE LEVELS
Low Level, VoL 04 \ lo.=1.6ma
High Level, Von 24 lon=40pa
INPUT LEAKAGE
Data Bus 50 500 pa 0<Vin<5v, DPENA=0 or W/R=I
All others pa Vin=+5v
INPUT CAPACITANCE
Data Bus, Cin pf
Address Bus, Cin pf
Clock, Cin pf
All other, Cin pf
POWER SUPPLY CURRENT
lcc 70 ma
ioo 90 ma
A.C. Characteristics Ta=25°C
CLOCK-RCP, TCP
frequency DC 15 MHz
PWH 325 ns
PWL 325 ns
tr, b 10 ns
DPENA, Tworena 250 50 us ns
Set-up Time, Tas 0 ns
Byte Op, W/R
Az, A1, Ao
Hold Time, Tan 0 ns
Byte Op, WIR,
Az, A1, Ao
DATABUS ACCESS, Tora 150 ns
DATA BUS DISABLE DELAY, Toro 100 ns
DATA BUS SET-UP TIME, Toss 0 ns
DATA BUS HOLD TIME, TosH 100 ns
MASTER RESET, MR 350 ns
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m Receiver Data

and
|| PesaRoRgndnsapreioveadng | Receiver Status
Access Sequence

Preferred reading sequence of receiver RDA and RSA.

READ RDB READ RDB
READ READ
STATUS STATUS

CCP RECEIVER OPERATION BOP RECEIVER OPERATION

PROTOCOL-1 PROCESSOR LOAD
XYZ-CRC % INITIALIZE OR MA.
TEST MADE AFTER § RXCLKS
TEST MADE
AFTER 8 CLKS
CHARACTERS 24 AXCLK'S
STAIP ZERO (PIPELINE DELAY}
AGCUMULATE CRC
ASSEMBLE GHARACTERS
ACCUMULATE CRC 18 BXCLKS
PROCESSOR MUST READ
AXENA ERR CHK BIT BEFORE SETRSA
=0? NO RXENA=0
YES

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes’is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.

150

We keen ahead of our competition so you can keep ahead of yours.




STANDARD MICROSYSTEMS

oo
J

COM 7210

Intelligent GPIB Interface Controller

FEATURES ~
(J All Functional Interface Capability Meeting IEEE
Standard 488-1978
—SH1 (Source Handshake)
—AH1 (Acceptor Handshake)
—T5 or TES5 (Talker or Extended Talker)
—L3 or LE3 (Listener or Extended Listener)
—SR1 (Service Request)
—RL1 (Remote Local)
—PP1 or PP2 (Parallel Poll) (Remote or Local
Configuration)
—DC1 (Device Clear)
—DT1 (Device Trigger)
—C1-5 ((Controller) (All Functions))
[1 Programmable Data Transfer Rate
1 16 MPU Accessible Registers—8 Read/8 Write
[0J 2 Address Registers
—Detection of MTA, MLA, MSA (My Talk/Listen/
Secondary Address)
—2 Device Addresses
[J EOS Message Automatic Detection
(1 Command (IEEE Standard 488-78) Automatic
Processing and Undefined Command Read Capability
[J DMA Capability
[] Programmable Bus Transceiver I/O Specification
(Works with T.I./Motorola/Intel)
(1 1 to 8 MHz Clock Range
[ TTL Compatible

PIN CONFIGURATION
TR1 1 ~ h 40 Voo
TR2 2( D39 EOT

CLOCK 3( h 38 NDAC
RESET 4 (] h 37 NRFD
TR3 5( b 36 DAV
DMAREQ 60 b 35 DIO8
DMAA 74 P34 DIO7

T3S 8( h 33 DIO6

RD 94 1 32 DIO5
WR 10 h 3t DIO4

INT 114 h 30 DIO3

Do 120 I 29 DiO2

D1 134 b 2s DIO1

D2 140 h 27 SRQ

D3 154 h 26 ATN

D4 160 b 25 REN

D5 170 h 24 TFC

D6 184 D23 RS2

p719¢ b 22 RS1
GND 20 D 2t RSO

PACKAGE: 40-pin D.I.P.

[0 COPLAMOS®n-Channel! Silicon Gate Technology
[J +5V Single Power Supply

[ 40-Pin DIP

(1 8080/85/86 Compatible

GENERAL DESCRIPTION

The COM7210 TLC is an intelligent GPIB Interface Con-
troller designed to meet all of the functional requirements
for Talkers, Listeners, and Controllers as specified by the
IEEE Standard 488-1978. Connected between a processor
bus and the GPIB, the TLC provides high level manage-

ment of the GPIB to unburden the processor and to simplify
both hardware and software design. Fuily compatible with
most processor architectures, Bus Driver/Receivers are the
only additional components required to implement any type
of GPIB interface.

151

=z
o
[
(=]
w
[




152




STANDARD MICROSYSTEMS COM 8004

% | JLPC FAMILY

Dual 32 Bit CRC SDLC Generator/Checker
CRC-32

FEATURES PIN CONFIGURATION z
O SDLC 32 bit CRC - ' v =
0 COM 5025 USYNRT Companion MRA 11\ _J [f20vee i
[0 Data Rate — 2MHz typical . . CLKINA 2 19 EFLGRB
O All Inputs and Outputs are TTL Compatible
[ Single +5 Volt Supply : CLKOUTA 3 18 EFLGB
[0 COPLAMOS® N-Channel MOS Technology ‘ SERINA 4 17 MODEB
' ' h SEROUTA 5 . 16 ENAB
GENERAL DESCRIPTION : : ENAA 6 15 SEROUTB
SMC’s COM 8004 is a dual 32-bit CRC Generator/ MODEA 7 ] 14 SERINB
Checker for use with SDLC protocols. Itisa : . .
companion device to SMC’s COM 5025 USYNRT. EFLGA 8 13 CLKOUTB
It operates at bit rates from DC t0 2.0 MHz from a
single +5v supply and is housed in a 20 lead x 0.3 EFLGRA 9 12 CLKINB
inch DIP. All inputs and outputs are TTL compatible GND 10 11 MRB
with full noise immunity. .
PACKAGE: 2 AP
The COM 8004 is comprised of two independent CKAGE: 20 pin D.I.P

halves,-and each half may be operated in the check
or generate mode. The polynominal used in
computations is: ‘BLOCK DIAGRAM

X2+ X268 + X2 + X224+ X004+ X2+ X1 + X104 X8+ X7 + X5 + " FOR ONE-HALF OF THE COM 8004

X4+ X2+ X +1, )
The CRC register is initialized to all ones and the .
result is inverted before being appended to the ] )

message. The expected remainder is:
8-BIT S/R
FLAG/ABORT DET .

X314+ X304+ X26 4+ X254+ X24 + X184+ X154+ X144+ X124 X1+ X104+
X8+ X8+ X5+ X4+ X3+ X+1. SERIN

Each half has a nine-bit serial data shift register.
Data moves on the positive edge of the clock,andall
clocked inputs are designed for zero-hold-time " A —e
(e.g. 7474). A“clock out” pin provides gated clocks akiN—s] . e .
to the accompanying USYNRT (COM 5025). ENA—»{  CONTROLLOGIC ~ |—— CLKOUT

MODE —|
In the generate mode, computation is initiated upon EFLGA—»] ERLa
detection of a flag character in the serial bit stream.
CRC computation proceeds upon the serial data -
until a second flag is detected. CLK OUT to the ] TYPICAL SYSTEM
SDLC transmitter is then halted, and the 32-bit CRC ) ' TS0 SERIN _—
is passed out; CLK OUT is then resumed, and the com Top Com
flag character is passed out. Nonsignificant zeros CLKOUT
are automatically stripped and stuffed, and shared i
flags are supported. If the data between flags is less G
than two full bytes, the CRC is discarded and the 1 EFLGR
serial data stream remains unaltered. -
In the check mode, computation is similarly SERN com ol
initiated upon detection of a flag. Detection of a OLKIN RGP :
second flag causes the conditional setting of the

error flag. A separate reset pin is provided for the %" oR
error flag. No error is flagged on messages of less L]

than two full bytes between flags. Detection of an SERIN com PROUT_ RSLL oM
abort character (7 consecutive ones) in either mode CLKIN——] 8004 LK ultial I
causes computation to be reset and a search foran
opening flag resumed.

BIT SER OUT

NON-SIG
ZERO DET
[STUFF/STRIP]

|—» SEROUT

ja— CLKIN

MR

RCV
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION

1 MASTER RESET-A MRA MRA presets the CRC calculation in Section A of the COM 8004
to all ones and forces the "pipeline” (8 shiit register bits and the
output flip-flop) to alogic “1” (Mark). The COM 8004 will only exit
the reset state when MRA has been released and ali 8 bits of a
FLAG (01111110) have been received.

2 CLOCKINPUT-A CLKINA Baud Rate Clock for Section A.

3 CLOCK QUTPUT-A CKLOUTA Clock output from Section A. This is used to provide the clock for

: the USYNRT. CLKOUTA will normally track CLKINA. Inthegenerate
mode, when the last flag bit has been shifted into the shift register
of the COM 8004, CLKOUTA will be held high until the CRC
check character has been sent out. After the last bit of the CRC
character is transmitted, CLKOUTA will resume tracking CLKINA.

4 SERIAL INPUT-A SERINA Serial input to the COM 8004 Section A. For transmission, SERINA

‘ : is connected to the transmitter serial output of the USYNRT.
For receiving, SERINA is connected to the received data output
of the modem.

5 SERIAL OUTPUT-A SEROUTA | Serial output from Section A of the COM 8004. For transmission,
SEROUTA is connected to the transmit data input of the modem. For
receiving, SEROUTA may be connected to the serial data input of
the USYNRT.

6 ENABLE-A ENAA When ENAA is low, section A of the COM 8004 will pass data from
SERINA to SEROUTA after a nine bit delay without alteration
and without checking or generating CRC. If ENAA is high, CRC
generation or checking will be enabled. ENAA is gated into the
COM 8004 by the rising edge of CLKINA.

7 MODE SELECT-A MODEA MODEA determines whether Section A of the COM 8004 is in
the receive (CRC check) Mode or transmit (CRC generate) Mode.
Logic “1” selects CRC check. Logic “0” selects CRC generate.

8 ERROR FLAG-A - EFLGA EFLGA will go high if, when in the CRC check mode, section A

. of the COM 8004 has detected an error. EFLGA can only be reset
by a MASTER RESET (MRA)orby ERRORFLAGRESET (EFLGRA).

9 ERROR FLAG RESET-A EFLGRA Alogic “1” on EFLGRA will reset EFLGA. If EFLGRA is kept ata
logic “1,” it will inhibit the setting of EFLGA.

10 GROUND GND Ground.

11 MASTER RESET-B MRB Master reset for Section B. See MRA for description.

12 CLOCK IN-B CLKINB Clock input for Section B. See CLKINA for description.

13 CLOCK OUT-B CLKOUTB | Clock output for Section B. See CLKOUTA for description.

14 SERIAL INPUT-B SERINB Serial input for Section B. See SERINA for description.

15 SERIAL OUTPUT-B SEROUTB | Serial output for Section B. See SEROUTA for description.

16 ENABLE-B ENAB CRC enable for Section B. See ENAA for description.

17 MODE SELECT-B MODEB Mode select for Section B. See MODEA for description.

18 ERROR FLAG-B EFLGB Error Flag for Section B. See EFLGA for description.

19 ERROR FLAG RESET-B EFLGRB Error flag reset for Section B. See EFLGRA for description.
20 POWER SUPPLY Vee +5 volt power supply input
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OPERATION

The COM 8004 has 3 modes of operation, as selected by
the ENABLE and MODE SELECT inputs. They are:

ENABLE MODE SELECT

0 0 CRC Disabled. Data is
shifted from SERIN to
SEROUT with no compu-
tation performed. Serial
delay is 9 bit times.

0 1 Same as above.

1 0 CRC generation mode.

1 1 CRC check mode.

In the CRC generation and check modes, calculations
begin upon receipt of the first data character after an
opening FLAG. “Stuffed zeroes” are stripped for the
purpose of the CRC calculation. CRC caiculation will
continue until either a MASTER RESET occurs, ENABLE
is brought to logic zero, an ABORT character is received,
or a closing FLAG is received.

CRC Generation
Upon detection of a closing FLAG character, CLKOUT
is left high (stopping USYNRT activity), and the CRC
accumulation is shifted out by CLKIN. CLKOUT then
resumes clocking, and the FLAG (which has been stored
in the shift register) is shifted out. The CRC check data
is inverted before this data is transmitted. Zero-stuffing
is performed on the inverted CRC check data.
During the time CKLOUT is forced high and CRC check
data is being shifted out, data on SERIN will be ignored.
If an ABORT character is received, CRC calculation will
- cease after the last “1” bit of the ABORT character is
shifted into the shift register. Data will pass through the
COM 8004 without effect until a FLAG is received.

CRC Check (Reception)
When the last bit of a closing flag enters the shift regis-

_ ter, ERRCHK will go high on the following positive

CLKIN transition if a CRC error is detected.

FLAG is detected.

Operation Notes

Note 1: The minimum message size is sixteen significant bits following an opening
flag. A stuffed zero is not considered a significant bit. If the message is less than
16 bits, the data will pass through the COM 8004 without being affected.

If the sixteenth received bit is the fifth consecutive one, but is not followed by a
stuffed zero before a FLAG, the COM 8004 will detect the FLAG but the minimum
message will not have occurred. CRC calculation will begin anew after this

g1111110 DDDDDDDD DD@11111 (MISSING STUFFED @) 01111110
A

I OPENING |
FLAG (

LAST “1” IN THE BIT 16 LOCATION. |

Note 2: If the seventeenth bit of a message followed by a FLAG is the fifth consecutive
one, but the stuffed zero is missing, the following will occur:

A) CRC Generate Mode: The last “one” bit, bit 17, will not be calculated into the
CRC, but will appear at the serial output. The first bit of the CRC character
will be forced to a zero, therefore looking like a stuffed zero.

B) CRC Check Mode: The last “one” bit, bit 17, will not be calculated into the CRC.

¢111111@¢ DDDDDDDD DDD@1111 1 (MISSING STUFFED 0) 01111110

I CLOSING ‘
FLAG

OPENING
FLAG {

LAST “1” IN THE BIT 17 LOCATION. \

Note 3: If a stuffed zero is missing in the middle or end of a message, the reaction will
depend on the next bit. If it is a one, a FLAG or ABORT may be detected. If an
ABORT is detected, the message and the CRC checking is aborted. If a FLAG
is detected, a CRC error will be detected.

If the missing zero is followed by a zero, the CRC computation will continue,
but the zero bit will be stripped, causing a CRC error.

A | CLOSING |
FLAG
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ...ttt et et iiaiieaneranaanns 0°Cto + 70°C
Storage Temperature Range . ...ttt it it irttts it etateneeannnnnnan -55°C to +150°C
Lead Temperature (soldering, 10 SEC.) ... ..uvut ittt ittt ettt eeineeinaennannnns +325°C
Positive Voltage on any Pin, with respect to ground ... ... i ittt i e +8.0V
Negative Voltage on any Pin, with respecttoground ...ttt -0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the
AC power line may appear on the DC output. If this possibility exists it is suggested .

that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5 Volts +5%, unless otherwise noted)

PARAMETER SYMBOL MIN TYP MAX | UNIT | COMMENTS
DC CHARACTERISTICS
Input Voltage Levels
Low Level Vi 0.8 \
High Level A 20 v
Output Voltage Levels
Low Level Vou 04 Vv Io. =16 mA
High Level Vou 24 Vv Ton=-100 A
Input Capacitance Cin 10 25 pf
Power Supply Current lcc 100 mA
AC CHARACTERISTICS Ta=25°C
Clock Frequency fin 2 MHz
Clock Pulse Width—High tokH 350 ns Figure 1
Input Set-Up Time toc 100 ns Figure 1
Input Hold Time tco 0 ns Figure 1
Master Reset Puise Width tew 250 ns Figure 2
Reset Delay tur 250 ns Figure 2
Error Flag Delay tro 300 ns Figure 3
Error Flag Reset Delay ter 100 ns Figure 4
ERRST Pulse Width tew 100 ns Figure 4
Clock Propagation Delay tro 150 ns Figure 5
SEROUT Propagation Delay tso 150 ns Figure5
Figure 1
Vin
SERIN, MODE
ENA, ERFLGR
J \ Vi

w ViH
CLKIN ——tcLkH
Vi
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Figure 2

tew !
{ Vi
MR Z
] Vi
| ————— tur "I
|
OUTPUTS DETERMINED
ALL OUTPUTS BY PREVIOUS CONDITIONS [<——UNDEFINED —~| RESET STATE
|
Figure 3
CLOSING FLAG
SERIAL iN \
CLOCK Vin
IN
> i [
e
Vou
CRC ERR
Figure 4
CRC ERR \
- Voo
——l PR |et—
Vin

ERRST /
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Figure 5

-+ 500 ns min —
350 ns min —>-
é 4 Vin
CLKIN
Vu
|- tro
Vou
CLKOUT
Voo
[-——tro
Vor
SEROUT
VoL
Sl C1-Y

'35 Marous Bivd. Hauppauge, N Y 11788
100 TWX. 889

We keep ahead of our competition so you can keep ahead of yours.

Circuit diagrams utilizing SMC products are included as a means of iliustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS | COM 8017
% COM 8502

Universal Asynchronous Receiver/Transmitter

UART Pin Configuration
FEATURES : vedt  wfTop z
O Single +5V Power Supply eh:xg E g 3 % :?3:1 5
. . . _— RDE [] 4 37 [] NDB2 “
[ Direct TTL Compatibility — no interfacing circuits RD8 [] 5 36 [] NSB
required RD7 ] 6 35 ] NPB
RD6 (] 7 34] cs
O Full or Half Duplex Operation —can receive and . ggi E g :g % Igg
transmit simultaneously at different baud rates : rRD3 (] 10 31[] Toe
L RD2 [] 11 30[] D5
OJFully Double Buffered — eliminates need for precise RD1 ] 12 200 TD4
external timing Ao E I 2 % 108
[ Start Bit Verification— decreases error rate CL B o TR
O Fully Programmable — data word length; parity mode; d RSﬁS E :; 52 % Ir—E%C
number of stop bits: one, one and cne-half, or two RDA [ 19 22 [] TBMT
Rsl [ 20 210 MR
High Speed Operation — 40K baud, 200ns str
[IHigh Speed Operatio d, 200ns strobes PACKAGE: 40-Pin D.LP.

[0 Master Reset— Resets all status outputs

(O Tri-State Qutputs— bus structure oriented Functional Block Diagram
0 Low Power— minimum power requirements TD1 TD2 TD3 TD4 TUS TD6 TD7 TD8
O Input Protected — eliminates handling problems 2 126 127 128 129 130 la‘ 132 l33
{J Ceramic or Plastic Dip Package— easy board insertion 081 TRANSMITTER BUFFER REGISTER
[ Compatible with COM 2017, COM 2502 J\L
TRANSMITTER | o5
[J Compatible with COM 8116, COM 8126, COM 8136, S rER TSO
COM 8146, COM 8046 Baud Rate Generators TT

Tcp140 )] TIMING AND CONTROL TRANSMITTER]—Z';-D TEOC

GENERAL DESCRIPTION ot — 1l o
22

The Universal Asynchronous Receiver/Transmitter is NEBTse N % STATUS ot
an MOS/LSI monolithic circuit that performs all the NDB24 55 eeTeR BUFreR [ 7a¥ FFE
receiving and transmitting functions associated with POE{2E ) REGISTER |19 ppa
asynchronous data communications. This circuit is J\L TT T8 aoam
fabricated using SMC's patented COPLAMOS® tech- 17
nology and employs depletion mode loads, allowing RCPY TIMING AND CONTROL RECEIVER
operation from a single +5V supply. The duplex mode, U
baud rate, data word length, parity mode, and number 24 R
of stop bits are independently programmable through RSl 420 ggfg‘VEﬁ 1]y,
the use of external controls. There may be 5,6,7 or8 REGISTER :‘_‘g—‘ NG
data bits, odd/even or no parity, and 1, or 2 stop bits. In J\L 44 Gnd
addition the COM 8017 will provide 1.5 stop bits when .
programmed for 5 data bits and 2 stop bits. The UART R_DE'—"I RECEIVER BUFFER REGISTER
can operate in either the full or half duplex mode. These ] 2
programmable features provide the user with the ability RJD'Z RJ['; H'Igs njéz R‘L‘: RJISLO RJE:; R‘E :
to interface with all asynchronous peripherals.
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DESCRIPTION OF OPERATION — TRANSMITTER

At start-up the power is turned on, a clock whose
frequency is 16 times the desired baud rate is
applied and master reset is pulsed. Under these
conditions TBMT, TEOC, and TSO are all at a high
level (the line is marking).
When TBMT and TEOC are high, the control bits
may be set. After this has been done the data bits
may be set. Normally, the control bits are strobed
into the transmitter prior to the'data bits. However,

as long as minimum pulse width specifications

are not vidlated, TDS and CS may occur simulta-
neously. Once the date strobe (TDS) has been
pulsed the TBMT signal goes low, indicating that
the data bits buffer register is full and unavailable to
receive new data.

If the transmitter shift register is transmitting pre-
viously loaded data the TBMT signal remains low.
If the transmitter shift register is empty, or whenitis
through transmitting the previous character, the
datain the buffer register is loadedimmediately into
the transmitter shift register and data transmission

commences TSO goes low_(the start bit), TEOC
goes low, the TBMT goes high indicating that the
data in the data bits buffer register has been loaded
into the transmitter shift register and that the data
bits buffer register is available to be loaded with
new data.

If new data is loaded into the databits buffer register
atthis time, TBMT goes low and remainsin this state

“until the present transmission is: completed. One

full character time is available for loading the next
character with nolossinspeed oftransmission. This
is an advantage of double buffering.

Data transmission proceeds in an orderly manner:
start bit, data bits, parity bit (if selected), and the
stop bit(s). When the last stop bit has been on the
line for one bit time TEOC goes high. If TBMT is
low, transmission begins immediately. If TBMT is
high the transmitter is completely at rest and, if
desired, new control bits may be loaded pnorto the
next data transmission.

TRANSMITTER BLOCK DIAGRAM

ODD/EVEN
PARITY SELECT
NO- NUMBER NUMBER OF
PARITY  STOP BITS l © DATABITS DT Df DIS Dis' Di‘ DT DIZ DE‘
CONTROL DATA BITS HOLDING REGISTER it STRARE
oot —ai CONTROL BITS HOLDING REGISTER J AOING, DATASTROBE
To [ STEERING LOGIC : I

- RECEIVER s - TRANSMITTER

[

BUFFER

+

l F/F
S

EMPTY

BxT
CLOCK

LOAD
SHIFT

——ll TIMING GENERATOR {: '[ q

s SERIAL
OUTPUT

TRANSMITTER SHIFT REGISTER T

ouTPUT
LOGIC

-———ai PARITY BIT GENERATION LOGIC ]——-u

END OF
* CHARACTER

DESCRIPTION OF OPERATION —RECEIVER

At start-up the JPower is turned on.a clock whose

R TR Y o) femm mm bl Ao e e T T H

HoYuvo! I\a‘y Io I\I u:uca 1] IG ucau EU UO\JU ralwc laappnuu
and master reset is pulsed. The dataavailable (RDA)
signal is now low. There is one set of control bits for
both the receiver and transmitter.

Data reception begins when the serial input line
transitions from mark (high) to space (low). If the
RSl line remains spacing fora1/2 bittime,agenuine
start bit is verified. Should the line returnto a mark-
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lng condition prlortoa 1/2 blttlme the start bit veri-
fication process begins again. A mark o space
transition must occur in order to initiate start bit
verification. Once a start bit has been verified, data
reception proceeds in an orderly manner: start bit
verified and received, data bits received, parity bit

received (if selected) and the stop bit(s) received.

If the transmitted parity bit does not agree with the
received parity bit, the parity error flip-flop of the




status word buffer register is set high, indicating a
parity error. However, if the no parity mode is se-
lected, the parity error flip-flop is unconditionally
held low, inhibiting a parity error indication. If a
stop bitis not received, due to animproperly framed
character, the framing error flip-flop is set high,
indicating a framing error.

Once a full character has been received internal
logic looks at the data available (RDA) signal. If, at
this instant, the RDA signal is high the receiver
assumes that the previously received character has

not been read out and the over-run flip-flop is set
high. The only way the receiver is aware that data
has been read out is by having the data available
reset low.

At this time the RDA output goes high indicating
that all outputs are available to be examined. The
receiver shift register is now available to begin re-
ceiving the next character. Due to the double buf-
fered receiver, a full character time is available to
remove the received character.

=
(=}
-
[ XY
w
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RECEIVER BLOCK DIAGRAM

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

N N I

ENABLE —-4 AND GATE

il
LT T T

FRAMING
ERROR

OVER RUN

PARITY ERROR

DATA TRANSMITTER
AVAILABLE BUFFER EMPTY
STATUS

WORD
ENABLE

AND GATE

RESET DATA
CONTROL T
BITS FROM ]
REQiSTER
I 1 I
SERIAL START BIT PARITY BIT RIGHT RECEIVER SHIFT
INPUT ‘* VERIFICATION H CHECKING LOGIC '_'I JUSTIFY LOGIC : cp REGISTER
T | L |
cfgf: 2 —.I TIMING GENERATOR |
DESCRIPTION OF PIN FUNCTIONS
PINNO. SYMBOL NAME FUNCTION
1 Vce Power Supply +5 volt Supply
2 NC No Connection No Connection
3 GND Ground Ground
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register.
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE.
Outputs Unused data output lines, as selected by NDB1 and NDB2,
have a low-level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 output.
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if
Error the received character parity bit does not agree with the
selected parity.
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if

Error

the received character has no valid stop bit.
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DESCRIPTION OF PIN FUNCTIONS

PINNO. SYMBOL NAME FUNCTION
15 ROR Receiver Over This tri-state output (enabled by SWE) is at a high-level if
Run the previously received character is not read (RDA output
not reset) before the present character is transferred into
the receiver buffer register.
16 SWE Status Word A low-level input enables the outputs (RPE, RFE, ROR,
Enable RDA, and TBMT) of the status word buffer register.

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) the
desired receiver baud rate.

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level.

Available Reset
19 RDA Receiver Data This tri-state output (enabled by SWE) is at a high-level
Available when an entire character has been received and transferred
into the receiver buffer register.

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level

Input (mark) to low-level (space) transition is required to initiate
data reception.

21 MR Master Reset This input should be pulsed to a high-level after power
turn-on. This sets TSO, TEOC, and TBMT to a high-level
and resets RDA, RPE, RFE and ROR to a low-level.

22 TBMT Transmitter This tri-state output (enabled by SWE).is at a high-level

Buffer Empty when the transmitter buffer register may be loaded with
new data.

23 TDS Transmitter A low-level input strobe enters the data bits into the

Data Strobe transmitter buffer register.
24 TEOC Transmitter End This output appears as ahigh-leveleachtimeafull character
of Character is transmitted. It remains at this level until the start of
transmission of the next character or for one-half of a TCP
period in the case of continuous transmission.

25 TSO Transmitter This output serially provides the entire transmitted

Serial Output character. TSO remains at a high-level when no data is
being transmitted.

26-33  TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available.

Data Inputs Unused data input lines, as selected by NDB1 and NDB2,
may be in either logic state. The LSB should always be
placed on TD1.

34 Cs Control Strobe A high-ievel input enters the controi bits (NDB1, NDBZ,
NSB, POE and NPB) into the control bits holding register.
This line may be strobed or hard wired to a high-level.

35 NPB No Parity Bit A high-level input eliminates the parity bit from being

transmitted; the stop bit(s) immediately follow the last data
bit. In addition, the receiver requires the stop bit(s) to follow
immediately after the last data bit. Also, the RPE output is
forced to a low-level. See pin 39, POE.
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DESCRIPTION OF PIN FUNCTION

PINNO. SYMBOL NAME ‘ y FUNCTION
36 NSB Number of _This inpu‘t' sélécts the number of stop bits. A iow;leyel input
Stop Bits 'selects 1 stop bit; a high-level input selects 2 stop bits.
. Selection of 2 stop bits when programming a 5 data bit word
generates 1.5 stop bits from the COM 8017 or COM.8017/H.
37-38 NDB2, Number of Data. =~ These2 inpuis are internally decoded to selecteither5, 6,7,
NDB1 Bits/Character ' or8data bits/character as per the following truth table:
NDB2 NDB1 data bits/character
L L 5
L H 6
H L 7
H H 8
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB
Select input, determines the parity mode for both the receiver and
transmitter, as per the following truth table:
NPB POE MODE
L L odd parity
L H even parity
H X no parity
X =don't care
40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) the
Clock desired transmitter baud rate.

TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS

os | |

TBMT ” ] |
Saatl ... Toaras PARITY

TS0 - START | DATA1| +-ese | DATA BJFAR ITY|STOP 1 STOP 2| START

— TBit

|<_
roc T me |
TRANSMITTER START-UP
e L LT
— - _)] 116
708 | . | ‘}?“"e
TS0 s | l
s

Upon data transmission initiation, or when not itting at 100% line utilization, the start bit willbe placed
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS.

RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS

RSt l START :E;rA_ i ----- J-DATA BIPARITYI STOP 1 STOP 2| START

SAwpce | | ||

RDA* e e = ——> ke—1/16 Bittime

RDA""

“The RDA line was previously not reset (ROR = high-level).
**The RDA line was previously reset (ROR = low-level).

START BIT DETECT/VERIFY

M Begin verify Z_ Begin verify
RSI l l
S

It the RS line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line returnto a
marking condition prior to a 1/2 bit time, the start bit verification process begins again.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ... ..oiieiitttt ittt e it ciieanns 0°Cto+ 70°C
Storage Temperature Range ........ ...ttt ittt eeiieane e —55°Cto +150°C
Lead Temperature (SOIdering, 10 S8C.) . . ..o oottt ittt e et i it e aenaaenans +325°C
Positive Voltage on any Pin, withrespecttoground ........... ... ... i ittt +8.0V
Negative Voltage on any Pin. withrespecttoground ........... ... ..o i i, —0.3v

Stresses above those listed may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or at any other condition above
those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, itisimportant
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is
switched on and off. In addition, voltage transients on the AC power line may appear on the
DC output. If this possibility exists it is suggested that at clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°Ct070°C, Vcc=+5V £5%, unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, Vi 0 0.8 \
High-level, ViH 2.0 Vee v
OUTPUT VOLTAGE LEVELS
Low-level, VoL 04 V lloL=16mA
High-level, Vor 24 V  lloH=—100uA
INPUT CURRENT
Low-level, liL 300 MA Vin=GND
OUTPUT CURRENT _
Leakage, ILo +10 pA | SWE =RDE =V, 0 <Voutr < +5V
Short circuit, los** 30 mA | Vout =0V
INPUT CAPACITANCE
Allinputs, CiN 5 10 pf
OUTPUT CAPACITANCE -
All outputs, Cout 10 20 pf iSWE=RDE=Vi
POWER SUPPLY CURRENT
lcc 25 mA  All outputs = VoH, All inputs = Vcc
A.C. CHARACTERISTICS Ta=+25°C
CLOCK FREQUENCY
COMB8502, COM 8017 DC 640 | KHz |IRCP, TCP
PULSE WIDTH
Clock 0.7 us |RCP, TCP
Master reset 500 ns |MR
Control strobe 200 ns |CS
Transmitter data strobe 200 ns |TDS
Receiver data available reset 200 ns |RDAR
INPUT SET-UP TIME
Data bits =0 ns |TD1-TD8
Control bits =0 ns |NPB, NSB, NDB2, NDB1, POE
INPUT HOLD TIME
Data bits =0 ns |TD1-TD8
Control bits =0 ns |NPB, NSB, NDB2, NDB1, POE
STROBE TO OUTPUT DELAY Load =20pf +1 TTL input
Receive data enable 350 ns |RDE: Tep1, TPpo
Status word enable 350 | ns |SWE: Tro1, Troo
CUTPUT DISABLE DELAY 35¢ | ns RDE,SWE

**Not.more than one output should be shorted at a time.

NOTES: 1. if the transmitter is inactive (TEOC and TBMT are at a high-level) the start bit wili appear on the TSO line within
one clock period (TCP) after the trailing edge of TDS.

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing
a maximum start bit slippage of 1/16th of a bit time.

3. The tri-state output has 3 states: 1) low impedance to Vcc 2) lowimpedance to GND 3) high impedance OFF =
10M ohms The “OFF” state is controlled by the SWE and inputs.
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DATA/CONTROL TIMING DIAGRAM

DATA INPUTS \\;IH
tr=tf=20ns it
TSET-UP =0
THoLo =0

Tew*

L
ViH
ViL

CONTROL INPUTS

-
cs VIH R
Vi
TSET-UP £ THOLD
I

s ViH :
T
DS Vit .
I Tew:
) TSET-UP }L THOLD
y
i

*Input information (Data/Control) need only be valid during
the last Tpw, min time of the input strobes ( i DS, CS).

OUTPUT TIMING DIAGRAM
RDE, SWE » Vi Xr
Qutputs Disabled
OUTPUTS - - A\ VOH
(RD1-RD8, RDA,
RPE, ROR, RFE, TBMT) _ Vo
le—— TpPD1, TPDO
NOTE: Waveform drawings not to scale for clarity.
RDAR
F+— 200ns > TDS v
\ / IH
L ===~ === - - 7
\ T™MBT Vou
Voo 400ns

RDA «—— 300ns ————>
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FLOW CHART—TRANSMITTER FLOW CHART—RECEIVER

1. TURN POWER ON 1. TURN POWER ON

2. PULSE EXTERNAL RESET 2. PULSE EXTERNAL RESET

3. SELECT BAUD RATE—16 x CLK 3. SELECT BAUD RATE — 16 x CLK
4. SET CONTROL BiTS

il

Tgné‘r =1 DA =0
EOC =1 —
SO =1(STOP 8IT)

SET CONTROL BITS —~PULSE CS

THE LINE
TRANSITIONED
FAOM MARKING TQ,

SPA(,JING

1S
TRANSMITTER
SHIFT REGISTER
EMPTY ?
(EQG = 1)

1 BIT TIME
ELAPSED ?
16 - 16 x CLK

1. LOAD TRANSMITTER SHIFT REGISTER
2. SO = 0 (START BIT)
3. EQOC=0

SHIFT AND LOAD DATA BiT INTO
RECEIVER SHIFT REGISTER

HAs
1817 TIME
ELAPSED ?

{16 - 16 x CLK)

HAS
18IT TIME
ELAPSED

B

YES

SHIFT 1BIT RIGHT IN THE
TRANSMITTER SHIFT REGISTER

HAS
TRANSMIT START BIT, DATA SET PARITY THE PROPER SET ITY
BITS, SELECTED PARITY MODE, ERROR REGISTER PARITY BIT BEEN ERROR REGISTER
AND STOP BIT(S} TO1 RECEIVED T00
2

—

HAS

THE LAST HAS
sToP an; SEENBOTN THE No 18IT TIME
UNE 181
e > ELA:SED
vES
HAS

SETFRAMING | NO A STOP BIT YES | SET FRAMING
ERROR REGISTER BEEN RECEIVED ERFOR REGISTER
5

ARE
THERE NEW
CONTROL BITS

2

SET OVER-RUN SET OVER-RUN
REGISTER REGISTER
701 T00

TRANSFER DATA BiTS FROM SHFT REGISTER
TO DATA BITS HOLDING REGISTER

[oa-r ]
|

l EXAMINE OUTPUTS

1. STROBE STATUS WORD ENABLE
2. STROBE DATA ENABLE

I RESET DATA AVAILABLE — DA = 0]

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
Fryrowrwy o Assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
wazma0 wesozzrmee  devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
We keep ahead of our competition S0 you can keep ahead of yours.  at any time in order to improve design and supply the best product possibie.

STANMRD MlmOSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
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STANDARD MICROSYSTEMS

CORPORATION s
—_—

COM 8251A

JLPC FAMILY

Universal Synchronous /Asynchronous
Receiver/Transmitter

FEATURES

O Asynchronous or Synchronous Operation
— Asynchronous:
5-8 Bit Characters
Clock Rate—1, 16 or 64 X Baud Rate
Break Character Generation
1, 1% or 2 Stop Bits
False Start Bit Detection
Automatic Break Detect and Handling
—Synchronous:
5-8 Bit Characters
Internal or External Character Synchronization
Automatic Sync Insertion
Single or Double Sync Characters
Programmable Sync Character(s)
[0 Baud Rate— Synchronous — DC to 64K Baud
—Asynchronous—DC to 19.2K Baud
[0 Baud Rates available from SMC's COM 8116,
COM 8126, COM 8136, COM 8146, and COM 8046
[ Full Duplex, Double Buffered Transmitter and
Receiver
[0 Odd parity, even parity or no parity bit
[J Parity, Overrun and Framing Error Flags
[0 Modem Interface Controlled by Processor
O All Inputs and Outputs are TTL Compatible

GENERAL DESCRIPTION

The COM 8251A is an MOS/LSI device fabricated
using SMC’s patented COPLAMOS® technology that
meets the majority of asynchronous and synchronous
data communication requirements by interfacing
parallel digital systems to asynchronous and
synchronous data communication channels while
requiring a minimum of processor overhead. The
COM 8251A is an enhanced version of the 8251.

The COM 8251A is a Universal Synchronous/
Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data
communications. The USART is used as a peripheral
and is programmed by the processorto communicate
in commonly used asychronous and synchronous
serial data transmission techniques including IBM
Bi-Sync. The USART receives serial data streams and
converts them into parallel data characters for the
processor. While receiving serial data, the USART
will also accept data characters from the processorin
parallel format, convert them to serial format and
transmit. The USART will signal the processor wheniit
has completely received or transmitted a character
and requires service. Complete USART status,
including data format errors and control signals such
as TxE and SYNDET, is available to the processor at
any time.
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USART

PIN CONFIGURATION

1 Y P

D3 2 [ [ 27 DO

RxD 3 O [ 26 Vee
GND 4 (] ™) 25 RxC

D4 5 ] ) 24 DTR

D5 6 (] ) 23 RTS

D6 7 (] ) 22 DSR

D7 8 M 21 RESET
™>C 9 )20 CLK

WR 10 O )19 TxD

Cs 11 O ) 18 TXEMPTY
c/D 12 17 CTS

RD 13 O [ 16 SYNDET/BD

RxRDY 14 (] [ 15 TxRDY
PACKAGE: 28-pin D.LP.

[J Compatable with Intel 8251A, NEC 4PD8251A
O Single +5 Volt Supply

[J Separate Receive and Transmit TTL Clocks
{0 Enhanced version of 8251

(1 28 Pin Piastic or Ceramic DIP Package

[0 COPLAMOS® N-Channel MOS Technology

BLOCK DIAGRAM
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D7-De BUS BUFFER  |=»TxD
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

INPUT/
OuUTPUT

FUNCTION

1,2,27,
28,5-8

D2, D3, DO,
D1, D4-D7

DATA BUS

170

An 8-bit, 3-state bi-directional DATA BUS used to interface the
COM 8251A to the processor data bus. Data is transmitted or
received by the bus in response to input/output or Read/Write
instructions from the processor. The DATA BUS aiso transfers
Control words, Command words, and Status.

RxD

RECEIVER DATA

This input receives serial data into the USART.

GND

GROUND

GND

Ground

T*xC

TRANSMITTER
CLOCK

The TRANSMITTER CLOCK controls the serial character trans-
mission rate. In the Asynchronous mode, the TxC frequency is
amuiltiple of the actual Baud Rate. Two bits of the Mode Instruc-
tion select the multiple to be 1X, 16X, or64X the Baud Rate. Inthe
Synchronous mode, the TxC frequency is automatically se-
lected to equal the actual Baud Rate.

Note that for both Synchronous and Asynchronous modes,
serial data is shifted out of the USART by the fallingedge of TxC.

10

WRITE DATA

A “zero” on this input instructs the COM 8251A to accept the
data or control word which the processor is writing out to the
USART via the DATA BUS.

1

CHIP SELECT

A“zero” on this input enables the USART forreading and writing
to the processor. When CS is high, the DATA BUS isin the float
state and RD and WR will have no effect on the chip.

12

c/D

CONTROL/DATA

The Control/Data input, in conjunction with the WR and RD
inputs, informs the USART to accept or provide either a data
character, control word or status information viathe DATA BUS.
0 = Data; 1 = Control/Status

13

READ DATA

A*“zero” on this inputinstructs the COM 8251A to place the data
or status information onto the DATA BUS for the processor
to read.

14

RxRDY

RECEIVER READY

The RECEIVER READY output indicates that the Receiver
Buffer is ready with an “assembled” character for input to the
processor. For polled operation, the processor can check
RxRDY using a Status Read or RxRDY can be connected to the
processor interrupt structure. Note that reading the character
to the processor automatically resets RxRDY.

15

TxRDY

TRANSMITTER READY

TRANSMITTER READY signals the processor that the trans-
mitter is ready to accept a data character. TXRDY can be used
as an interrupt or may be tested through the Status information
polled qgeﬁraton. TxRDY is automatically reset by the leading
edge of WR when a data character is loaded from the processor.

16

SYNDET/
BRKDET

SYNC DETECT/
BREAK DETECT

110

The SYNDET feature is only used in the Synchronous mode.
The USART may be programmed through the Mode Instruction
to operate in either the internal or external Sync mode and
SYNDET then functions as an output or input respectively. In
the internal SYNC mode, the SYNDET output will gotoa“one”
when the COM 8251A has located the SYNC character in the
Receive mode. If double SYNC character (bi-sync) operation
has been programmed, SYNDET will go to “one” in the middle
of the last bit of the second contiguously detected SYNC char-
acter. SYNDET is automatically reset to “zero” upon a Status
Read or RESET. in the exiernai SYNC mode, a “zero™ io “one”
transition on the SYNDET input is sampled during the negative
half cycle of RxC and will cause the COM 8251A to start as-
sembiing data character on the next rising edge of RxC. The
length of the SYNDET input should be at least one RxC period,
but may be removed once the COM 8251A is in SYNC. When
externai SYNC DETECT is programmed, the iniernai SYNC'
DETECT is disabled.
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PIN NO.

SYMBOL

NAME

INPUT/
OuUTPUT

FUNCTION

16
(cont.)

The SYNDET/BRKDET pin is used in both Synchronous and
Asynchronous modes. When in SYNC mode the features for
the SYNDET pin described above apply. Whenin Asynchronous
mode, the BREAK DETECT output will go high whenan all zero
word of the programmed iength is received. This word consists
of: start bit, data bit, parity bitand one stop bit.Resetonly occurs
when Rx Data returns to a logic one state or upon chip RESET.
The state of BREAK DETECT can also be read as a status bit.

17

CLEAR TO SEND

A*“zero” on the CLEAR TO SEND input enables the USART to
transmit serial data if the TxEN bit in the Command Instruction
register is enabled (one).

If either a TxEN off or CTS off condition occurs while the Tx is
in operation, the Tx will transmit all the datainthe USART written
prior to the Tx Disable command before shutting down.

18

TxE

TRANSMITTER EMPTY

The TRANSMITTER EMPTY output signals the processor that
the USART has no further characters to transmit. TxE is auto-
matically reset upon receiving adatacharacterfromthe proces-
sor. In half-duplex, TxE can be used to signal end of a trans-
mission and request the processor to “turn the line around”.
The TxEN bit in the command instruction does not effect TxE.

In the Synchronous mode, a “one” on this output indicates that
a SYNC character or characters are about to be automatically
transmitted as “fillers” because the next data character has not
been loaded; an underflow condition. If the USART is operat-
inginthe two SYNC character mode, both SYNC characters will
be transmitted before the message can resume. TxE does not
go low when the SYNC characters are being shifted out. TxE
goes low upon the processor writing a character to the USART.

TxD

TRANSMITTER DATA

This output is the transmitted serial datafromthe USART.When
a transmission is concluded the TxD line will always return to
the marking state unless SBRK is programmed.

20

CLOCK PULSE

The CLK input provides for internal device timing. External
inputs and outputs are not referenced to CLK, but the CLK
frequency must be greater than 30 times the RECEIVER or
TRANSMITTER CLOCKS in the 1X mode and greater than 4.5
times for the 16X and 64X modes.

21

RESET

RESET

A “one” on this input forces the USART into the “idle” mode
where it will remain until reinitialized with a new set'of control
words. RESET causes;RxRDY =TxRDY=TxEmpty=SYNDET/
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse
width is 6 tcv, CLK must be running during RESET.

22

O
[
os)

DATA SET READY

The DATA SET READY input can be tested by the processor
via Status information. The DSR input is normally used to test
Modem Data Set Ready condition.

23

A
|
/2]

REQUEST TO SEND

The REQUEST TO SEND output is controlled viathe Command
word. The RTS output is normally used to drive the Modem
Request to Send line.

24

3

DATA TERMINAL
READY

The DATA TERMINAL _READY output is controlled via the
Command word. The DTR output is normally used to drive
Modem Data Terminal Ready or Rate Select lines.

25

3

RECEIVER CLOCK

The RECEIVER CLOCK is the rate at which the incoming char-
acter is received. In the Asynchronous mode, the RxC frequency
may be 1, 16 or 64 times the actual Baud Rate but in the Syn-
chronous mode the RxC frequency must equal the Baud Rate.
Two bits in the mode instruction select Asynchronous at 1X,
16X or 64X or Synchronous operation at 1X the Baud Rate.

Data is sampled into the USART on the rising edge of RxC.

26

Vee SUPPLY VOLTAGE

PS

~+5 volt supply
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DESCRIPTION OF OPERATION —ASYNCHRONOUS

Transmission—

When a data character is written into the USART, it auto-
matically adds a START bit (low level or “space”) and the
number of STOP bits (high level or “mark”) specified.by
the Mode Instruction. If Parity has been enabled, an odd
or even Parity bit is inserted just before the STOP bit(s),
as specified by the Mode Instruction. Then, depending
on C% and TxEN, the character may be transmitted as a
serial data stream at the TxD output. Data s shifted out by
the falling edge of TxC at a transmission rate of TxC,
TxC/16 or TxC/64, as defined by the Mode Instruction.

If no data characters have been loaded into the USART, or
if all available characters have been transmitted, the TxD
output remains “high” (marking) in preparation for send-
ing the START bit of the next character provided by the
processor. TxD may be forced to send a BREAK (con-
tinuously low) by setting the correct bit in the Command
Instruction.

Receive—

The RxD input line is normally held “high” (marking) by
the transmitting device. A falling edge (high to low transi-
tion) at RxD signals the possible beginning of aSTART bit
and a new character. The receiver is thus prevented from
starting in a “BREAK” state. The START bit is verified by
testing for a “low” at its nominal center as specified by the
BAUD RATE. If a “low” is detected, it is considered valid,
and the bit assembling counter starts counting. The bit
counter locates the approximate center of the data, parity
(if specified), and STOP bits. The parity error flag (PE) is
set, if a parity error occurs. Input bits are sampled at the
RxD pin with the rising edge of RxC. If a high is not de-
tected for the STOP bit, which normally signals the end
of an input character, a framing error (FE) will be set. After
the STOP bit time, the input character is loaded into the
paralled Data Bus Buffer of the USART and the RxRDY
signal is raised to indicate to the processor that a character
is ready to be fetched. If the processor has failed to fetch
the previous character, the new character replaces the old
and overrun flag (OE) is set. All the error flags can bereset
by setting a bit in the Command Instruction. Error flag
conditions will not stop subsequent USART operation.

DESCRIPTION OF OPERATION—SYNCHRONOUS

Transmission —

As in Asynchronous transmission, the TxD output re-
mains “high” (marking) until the USART receives the first
character (usually a SYNC character) from the processor.
After a Command Instruction has set TXxEN and after
Clearto Send (CTS) goes low, the firstcharacteris serially
transmitted. Data is shifted out on the falling edge of TxC
at the same rate as TxC.

Once transmission has started, Synchronous Data Pro-
tocols require that the serial data stream at TxD continue
at the TxC rate or SYNC will be lost. If a data character is
not provided by the processor beforethe USART Transmit
Buffer becomes empty, the SYNC character(s) loaded
directly following the Mode Instruction will be automat-
ically inserted in the TxD data stream. The SYNC char-
acter(s) are inserted to fill the line and maintain synchron-
ization untii the new data characters are available for
transmission. If the USART becomes empty, and must
send the SYNC character(s), the TXEMPTY output is
raised to signal the processor that the Transmitter Buffer
is empty and SYNC characters are being transmitted.
TXEMPTY is automatically reset by the next character
from the processor.

Receive—

In Synchronous receive, character synchronization can
be either external or internal. If the internal SYNC mode

has been selected, the ENTER HUNT (EH) bit has been
set by a Command Instruction, the receiver goes into the
HUNT mode.

Incoming data on the RxD input is sampled on the rising
edge of RxC, and the contents of the Receive Buffer are
compared with the first SYNC character after each bit has
been loaded until a match is found. Iftwo SYNC characters
have been programmed, the next received character is
also compared. When the (two contiguous) SYNC char-
acter(s) programmed have been detected, the USART
leaves the HUNT mode and is in character synchroniza-
tion. At this time, the SYNDET (output) issethigh. SYNDET
is automatically reset by a STATUS READ.

If external SYNC has been specified in the Mode Instruc-
tion, a “one” applied to the SYNDET (input) for at least
one RXT cycle will synchronize the USART.

Parity and Overrun Errors are treated the same in the
Synchronous as in the Asynchronous Mode. if not in
HUNT, parity will continue to be checked even if the re-
ceiver is Not enabied. Framing errors do not appiy in the
Synchronous format.

The processor may command the receiver to enter the
HUNT mode with a Command Instruction which sets
Enter HUNT (EH) if synchronization is lost. Under this
condition the Rx register will be cleared to all “ones”.
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OPERATION AND PROGRAMMING

The microprocessor program controlling the COM 8251A
performs these tasks:

o Outputs control codes

e Inputs status

o Outputs data to be transmitted

e Inputs data which has been received

Control codes determine the mode in which the COM
8251A will operate and. are used to set or reset control
signals output by the COM 8251A.

The Status register contents will be read by the program
monitoring this device’s operation in order to determine
error-.conditions, when and how to read data, write data or
output control codes. Program logic may be based on
reading status bit levels, or control signals may be used
to request interrupts.

INITIALIZING THE COM 8251A

MODE CONTROL | | |
; G/B=1. SEQUENCE
COMMAND
DATA
c/b=0 n
:
:
:
cb=1 COMMAND
DATA
c/D=0
.
:
L]
ASYNCHRONOUS OPERATION

‘Figure 1. Control Word Sequences for Initialization

MODE CONTROL
Svnes NITIALING
co=1 SYNG o SEQUENCE
(OPTIONAL)
COMMAND
DATA
c/B=0 .
:
H
c/B=1 COMMAND
DATA
c/b=0
.
.
.
SYNCHRONOUS OPERATION

The COM 8251A may be initialized following a system
RESET or prior to starting a new seral I/0 sequence. The
USART must be RESET (external or internal) following
power up and subsequently may be reset at any time
following completion of one activity and preceding a
new set of operations. Following a reset, the COM 8251A
enters an idle state in which it can neither transmit nor
receive data.

The COM 8251A is initialized with two, three or four con-
trol words from the processor. Figure 1 showsthe sequence
of control words needed to initialize the COM 8251A, for
synchronous or for asynchronous operation. Note that
in asynchronous operation a mode control is output to
the device followed by a command. For synchronous

. operation, the mode control is followed by one or two
SYNC characters, and then a command.

Only a single address is set aside for mode control bytes,
command bytes and SYNC character bytes. For this to be
_ possible, logic internal to the chip directs controlinforma-
" tion to its proper destination based on the sequence in
which itis received. Following a RESET (external or inter-
nal), the first control code output is interpreted as a mode
control. If the mode control specifies synchronous opera-
tion, then the next one or two bytes (as determined by the
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mode byte) output as control codes will be interpreted as
SYNC characters. For either asynchronous or synchro-
nous operation, the next byte output as a control code is
interpreted as a command. All subsequent bytes output
as control codes are interpreted as commands. There are
two ways in which control logic may return toanticipating
amode control input; following aRESET inputorfollowing
an internal reset command. A reset operation (internal via
IR or external via RESET) will cause the USART to inter-
pret the next “control write”, which should immediately
follow the reset, as a Mode Instruction.

After receiving the control words the USART is ready to
communicate. TXRDY is raised to signal the processor
that the USART is ready to receive a character for trans-
mission. Concurrently, the USART is ready to receive
serial data.

c/D_RD _WR _C8

0 0 1 0 USART — Data Bus
0 1 0 0 Data Bus — USART
1 0 1 0 Status — Data Bus
1 1 0 0 Data Bus — Control
X X X 1 Data Bus — 3-State
X 1 1 0




MODE CONTROL CODES

The COM 8251A interprets mode control codes as illus-
trated in Figures 2 and 3.

Control code bits 0and 1 determine whethersynchronous
or asynchronous operation is specified. A non-zero value
in bits 0 and 1 specifies asynchronous operation and de-
fines the relationship between data transfer baud rate and
receiver or transmitter clock rate. Asynchronous serial
data may be received or transmitted on every clock puise,
on every 16th clock pulse, or on every 64th clock pulse,
as programmed. A zero in both bits 0 and 1 defines the
mode of operation as synchronous.

For synchronous and asynchronous modes, control bits
2 and 3 determine the number of data bits which will be
present in each data character. Inthecase ofaprogrammed
character length of less than 8 bits, the least significant
DATA BUS unused bits are “don’t care” when writing data
to the USART and will be “zeros” when reading data. Rx
data will be right justified onto DO and the LSB for Tx data
is DO.

For synchronous and asynchronous modes, bits 4 and 5

determine whether there will be a parity bit in each char-
acter, and if so, whether odd oreven parity will be adopted.
Thus in synchronous mode a character will consistoffive,
six, seven or eight data bits, plus an optional parity bit. In
asynchronous mode, the data unit will consist of five, six,
seven or eight data bits, an optional parity bit, a preceeding
start bit, plus 1, 1'% or 2 trailing stop bits. Interpretation of
subsequent bits differs for synchronous or asynchronous
modes.

Control code bits 6 and 7 in asynchronous modedetermine
how many stop bits will trail each data unit. 1% stop bits
can only be specified with a 16X or 64X baud rate factor.
In these two cases, the half stop bit will be equivanlent to
8 or 32 clock pulses, respectively.

In synchronous mode, control bits 6 and 7 determine
how character synchronization will be achieved. When
SYNDET is an output, internal synchronizationis specified;
one or two SYNC characters, as specified by control bit 7,
must be detected at the head of a data stream in order to
establish synchronization.

L. |
COMMAND WORDS

Command words are used to initiate specific functions
within the COM 8251A such as, “reset all error flags” or
“start searching for sync”. Consequently, Command
Words may be issued by the processor to the COM 8251A
at any time during the execution of a program in which

specific functions are to be initialized within the com-
munication circuit.

Figure 4 shows the format for the Command Word.

7 6 5 4 3 2 1

Figure 4. COM 8251A Control Command

0 <¢— Bit No.

LTI

TxEN
1 = Enable transmission
0 = Disable transmission

3

1=DTR output is forced to 0

pe)

xE
1= Enable RxRDY
0= Disable RxRDY

SBRK
1=TxD is forced low
0 = Normal operation

ER

i = FResets aii error fiags in
Status register (PE, OE. FE)

S

TS output is forced to 0

= X
e’

Il

iR
1 =Reset format

EH

1= Enter HUNT mode




Figure 2. Synchronous Mode Control Code.

0 -«— BitNo.

A A A ‘oo \-]QJ
A
L___ Sync mode

00 - 5bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

=
o
—
(=]
w
o

0= Parity disable, 1= Parity enable

'0=0dd parity, 1= Even parity

0=SYNDET output
1=SYNDET input

0=2SYNC characters
1=1S8YNC character

Figure 3. Asynchronous Mode Control Code.

7 6 5 4 3 2 1 0-e—BitNo.
HENEERRR
e adll U U T
A t 00 Invalid (SYNC mode)
01 Async mode, 1X Baud rate factor

10 - Async mode, 16X Baud rate factor
11 Async mode, 64X B_aud rate factor

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

0= Parity dAisabIe, 1 =Parity enable

0=0dd parity, 1 = Even parity

00 Invalid

01 1 stop bit
10 1% stop bits
11 2stop bits
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Bit 0 of the Command Word is the Transmit Enable bit
(TXEN). Data transmission for the COM 8251A cannot
take place unless TxEN is set (assuming CTS =0) in the
command register. The TX Disable command is prevented
from halting transmission by the Tx Enable logic until all
data previously written has been transmitted. Figure 5
defines the way in which TxEN, TxE and TxRDY combines
to control transmitter operations.

Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR
command bit is set, the DTR output connection is active
(low). DTR is used to advise amodemthatthedataterminal
is prepared to accept or transmit data.

Bit 2 is the Receiver Enable Command bit (RxE). RxE is
used to enable the RxRDY output signal. RxE, when zero,
prevents the RxRDY signal from being generated to notify
the processor that a complete character is framed in the
Receive Character Buffer. It does not inhibit the assembly
of data characters at the input, however. Consequently,
if communication circuits are active, characters will be
assembled by the receiver and transferred to the Receiver
Buffer. If RxE is disabled, the overrun error (OE) will prob-
ably be set; to insure proper operation, the overrun error
is usually reset with the same command that enables RxE.

Figu
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN

Transmit Output Register and Transmit Character Buffer empty.
TxD continues to mark if COM 8251A is in the asynchronous mode.
TxD will send SYNC pattern if COM 8251A is in the Synchronous
Mode. Data can be entered into Buffer.

Transmit Output Register is shifting a character. Transmit Character
Buffer is available to receive a new byte from the processor.

Transmit Register has finished sending. A new character is waiting
for transmission. This is a transient condition.

Transmit Register is currently sending and an additional character
is stored in the Transmit Character Buffer for transmission.

ure 5
TxEN  TxE TxRDY
1 1 1
1 0 1
1 1 0
1 0 0
0 0/1 0/1  Transmitter is disabled.

Bit 3 is the Send Break Command bit (SBRK). When SBRK
is set, the transmitter output (TxD) is interrupted and a
continuous binary “0” level, (spacing) isappliedtothe TxD
output signal. The break will continue until a subsequent
Command Word is sent tothe COM8251A toremove SBRK.

Bit 4 is the Error Reset bit (ER). When a Command Word
is transferred with the ER bit set, all three error flags (PE,
OE, FE) in the Status Register are reset. Error Reset occurs
when the Command Word is loaded into the COM 8251A.
No latch is provided in the Command Register to save the
ER command bit.

Bit 5, the Request To Send Command bit (RTS) sets a
latch to reflect the RTS signal level. The output of this
latch is created independently of other signals in the
COM 8251A. As a result, data transfers may be made by
the processor to the Transmit Register, and data may be
actively transmitted to the communication line through
TxD regardiess of the status of RTS.

Bit 6, the Internal Reset (IR), causes the COM 8251A to

return to the Idle mode. All functions within the COM
8251A cease and no new operation can be resumed until
the circuit is reinitialized. If the operating mode is to be
altered during the execution of a processor program, the
COM 8251A must first be reset. Either the RESET input
can be activated, or the Internal Reset Command can be
sent to the COM 8251A. Internal Reset is a momentary
function performed only when the command is issued.

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt
mode command is only effective for the COM8251Awhen
it is operating in the Synchronous mode. EH causes the
receiver to stop assembling characters at the RxD input,
clear the Rx register to all “ones”, and start searching for
the prescribed sync pattern. Once the “Enter Hunt” mode
has been initiated, the search for the sync pattern will
continue indefinitely until EH is reset when asubsequent
Command Word is sent, when the IR command is sent to
the COM8251A, or when SYNC charactersare recognized.
Parity is not checked in the EH mode.

|
STATUS REGISTER

The Status Register maintains information about the
current operational status of the COM 8251A. Status can
be read at any time, however, the status update will be
inhibited during status read. Figure 6 shows the format of
the Status Register.

TxRDY signals the processor that the Transmit Character
Buffer is empty and that the COM 8251A can accept a new
character for transmission. The TxRDY status bit is not

totally equivalent to the TxRDY output pin, the relationship
is as follows:

TxRDY (status bit) = Tx Character Buffer Empty
TxRDY (pin 15) = Tx Character Buffer Empty ¢ TS « TXEN

RxRDY signals the processor that a completed character
is holding in the Receive Character Buffer Register for
transfer to the processor.
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7 6 5 4 3 2

Figure 6. The COM 8251A Status Register

0 <&——Bit No.

A A A 4 4]

A rﬂ I A]

TxRDY

RxRDY

TxE

PE

Parity error

OE

Overrun error
FE

Framing error

SYNDET/BRKDET

DSR

TxE signals the processor that the Transmit Register
is empty.

PE is the Parity Error signal indicating to the CPU that the
character stored in the Receive Character Buffer was
received with an incorrect number of binary “1” bits. PE
does notinhibit USART operation. PE is reset by the ER bit.

OE is the receiver Overrun Error. OE issetwheneverabyte
stored in the Receiver Character Register is overwritten
with a new byte before being transferred to the processor.
OE does not inhibit USART operation. OE is reset by the
ER bit.

FE (Async only) is the character framing error which in-
dicates that the asynchronous mode byte stored in the
Receiver Character Buffer was received with incorrect bit
format (“0” stop bit), as specified by the current mode. FE
does notinhibit USART operaton. FE isreset by the ER bit.

SYNDET is the synchronous mode status bit associated
with internal or external sync detection.

DSR is the status bit set by the external Data Set Ready
signal to indicate that the communication Data Set is
operational.

All status bits are set by the functions described for
them. SYNDET is reset whenever the processor reads the
Status Register. OE, FE, PE are reset by the error reset
command or the internal reset command or the RESET
input. OE, FE, or PE being set does not inhibit USART
operation.

Many of the bits in the status registerare copies of external
pins. This dual status arrangement allows the USART to
be used in both Polled and Interrupt driven environments.
Status update can have a maximum delay of 16 tev periods.

Note:

1. While operating the receiver it is important to realize
that the RxE bit of the Command Instruction only in-
hibits the assertion of RxRDY; it does not inhibit the
actual reception of characters. As the receiver is con-
stantly running, it is possible for it to contain extraneous
data when it is enabled. To avoid probiems this data
should be read from the USART and discarded. This
read should be done immediately following the setting
of the RxE bit in the asynchronous mode, and following
the setting of EH in the synchronous mode. It is not
necessary to wait for RxRDY before executing the
dummy read.

2. ER should be performed whenever RxE of EH are pro-
grammed. ER resets all error flags, even if RxE =0.

3. The USART may provide faulty RxRDY for the first read
after power-on or for the first read after the receiver is
re-enabled by a command instruction (RxE). Adummy
read is recommended to clear faulty RxRDY. This is not

the case for the first read after hardware or software’

reset after the device opration has been established.

4. Internal Sync Detect is disabled when External Sync
Detect is programmed. An External Sync Detect Status
is provided through an internal flip-flop which clears
itself, assuming the External Sync Detect assertion has
removed, upon a status read. As long as External Sync
Detect is asserted, External Sync Detect Status will
remain high.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RanNge .. ......iieit ittt 0°Cto+70°C
Storage Temperature RaNGE .. ...ttt i et —55°C to +150°C
Lead Temperature (SOIdering, T0SBC) . ..o v vttt it e et ie e neanns +325°C

Positive Voltage on any Pin, with respectto ground ...ttt

Negative Voltage on any Pin, withrespecttoground ........ ...,

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute

Maximum Ratings not be exceeded or device failure can resuit. Some power supplies exhibit
voltage spikes or “glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. If this
possibility exists it is suggested that as clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc = +5V £5%, unless otherwise noted)

SYMBOL| PARAMETER ~[MIN.] MAX. T UNIT] TEST CONDITIONS

D.C. Characteristics

Vie Input Low Voltage —0.3 08 \

ViH Input High Voltage 20 Vce v

Vo Output Low Voltage 0.45 ' loo=22mA

Vo QOutput High Voltage 24 V | lon=—400 A

lorL Output Float Leakage +10 pA | Vour =Vee TO 0.45V

I Input Leakage +10 A | ViN=Vcec TO 0.45V

lec Power Supply Current 100 mA [ All Outputs = High
Capacitance Ta=25°C, Vec = GND

Cin Input Capacitance 10 pF |fc=1MHz

Cuo 1/0 Capacitance 20 pF | Unmeasured pins returned to GND
A.C. Characteristics

Bus Parameters (Note 1)

Read Cycle:

tar Address Stable Before READ (CS, C/D) 0 ns |Note2

tra Address Hold Time for READ (CS, C/D) 0 ns |Note?2

trR READ Pulse Width 250 ns

tro Data Delay from READ 200 ns | Note3, C.=150pF

tor READ to Data Floating 10 100 ns

Write Cycle:

taw Address Stable Before WRITE 0 ns

twa Address Hold Time for WRITE 0 ns

tww WRITE Pulse Width 250 ns

tow Data Set Up Time for WRITE 150 ns

two Data Hold Time for WRITE 0 ns

trv Recovery Time Between WRITES 6 tev |Note4d

Other Timings:

toy Clock Period 320 1.35 us  |Notes5,6

to Clock High Pulse Width 120 | tev—90f ns

tz Clock Low Pulse Width 90 ns
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SYMBOL PARAMETER MIN.| MAX. | UNIT TEST CONDITIONS
tr, te Clock Rise and Fall Time 5 20 ns
tor TxD Delay from Falling Edge of TxC 1 us
tsrx Rx Data Set-Up Time to Sampling Pulse 2 us
tHRx Rx Data Hold Time to Sampling Pulse 2 us
frx Transmitter Input Clock Frequency :
1X Baud Rate DC 64 kHz
16X Baud Rate DC 310 kHz
64X Baud Rate DC 615 kHz
trew Transmitter input Clock Width
1X Baud Rate 12 tey
16X and 64X Baud Rate 1 tov
treo Transmitter Input Clock Pulse Delay
1X Baud Rate 15 ter
16X and 64X Baud Rate 3 tey
frx Receiver Input Clock Frequency
1X Baud Rate DC 64 kHz
16X Baud Rate DC 310 kHz
64X Baud Rate DC 615 kHz
trew Receiver Input Clock Pulse Width
1X Baud Rate 12 tev
16X and 64X Baud Rate 1 tev
treD Receiver Input Clock Pulse Delay
1X Baud Rate 15 tey
16X and 64X Baud Rate 3 ey
trxroDY TxRDY Pin Delay from Center of last Bit 8 tcy |Note7
trxrov cLear | TXRDY | from Leading Edge of WR 150 ns |Note7
trxRDY RxRDY Pin Delay from Center of last Bit 24 ter |Note7
tmxrov cLear |RXRDY | from Leading Edge of RD 150 ns |Note7
tis Internal SYNDET Delay from Rising
Edge of BxC 24 tcy |Note7
tes External SYNDET Set-Up Time Before
Falling Edge of RxC 16 | ter |Note?
trxempTy TXxEMPTY Delay from Center of Data Bit 20 ter  {Note7
twe Control Delay from Rising Edge of
WRITE (TxEn, DTR, RTS) 8 | for [Note7
ter Control toREAD Set-Up Time (DSR, CTS) 20 ter  [Note7
NOTES: 1. AC timings measured Vor = 2.0, Vor= 0.8, and with load circuit of Figure 1.

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses.
3. Assumes that Address is valid before Ro!.
4. This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy.
5. The TxC and RxC frequencies have the following limitations with respect to CLK.
For 1X Baud Rate, frx or fax < 1/(30 tcy)
For 16X and 64X Baud Rate, frx or fax < 1/(4.5 tcy)
6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during RESET.
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.

ov +20
Typical A Output
“oa Delay Versus  * /
1Ng14 A Capacitance (pF)
DUT °
~
SPEC
Cu BKQ _
l I 10 / f
Figure 1. -

100 —50 0 +50 +100

TEST LOAD CIRCUIT A CAPACITANCE (pF)
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WAVEFORMS

System Clock Input

-4——-!w
et t,
0 3
CLOCK ¢ )

Transmitter Clock & Data

Tew TPD

TxC (1x MODE) ‘ J L—_—___j_————\__

TR (16xmo0E) UV{/VVW\ANWWVW\FNVWV\/\NV\NWVVV\N\

“‘I |‘“m’x x|

Receiver Clock & Data

(Rx BAUD COUNTER STARTS HERE)

axDATA N START BIT V DATA BIT X oatamit
¥ taed
— — tapw —h
RxC (1x MODE) N X / \
8 (“;E :IE(:‘I;‘E’)DS ——+|e————16 RxC PERIODS ('IGx MODE)
O RVAVAVAVAVAVAVAVAY/ l\/\f\/ \/\/\/\/‘U\/\/\/\/\/
|3t 3t,
INT SAMPLING A ;
PULSE :
S !
tSRX 1 tHRX ;
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Write Data Cycle (CPU — USART)

mROY N\

”T——llnnlnv CLEAR
WR \i " ’ig‘

la— tDW —= twD

DON'T CARE — DON'T CARE
DATA IN (0.8.) —{ DATASTABLE J——— 000
- t; 1
o5 AW WA | f—————————

Read Data Cycle (CPU — USART)

RxRDY / \l

I RxRDY CLEAR

A0 RR ——>|

e ’F‘____f*_———
—’I !4—‘RD — lA—tDF

DATA OUT (D.B.) DATA FLOAT P DATA FLOAT

{l DATA OUT ACTIVE
l

tAR RA
c/o \ /

Wt o tRA

Write Control or Output Port Cycle (CPU — USART)

OTR, ATS
(NOTE =1) - X

DATAIN (0.8 —4 O
|<—-— AW .._.,1 WA

NOTE =1: T, INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE.
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Read Control or Input Port (CPU < USART)

DSR, TS
(NOTE =1) X

DATA OUT
(D.8.)

——\ tAR |[+— RA ;——

NOTE =1: Tep INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY.

Transmitter Control & Flag Timing (ASYNC Mode)

p— p———
cTs \ \ i
TTXEMPTY —» r—
- ¢
Tx EMPTY Y
TxREADY _ ] ;
(STATUS BIT) S
fTxRDY>  fe—
Tx READY 4/——4
(PIN} T
WrDATA 1 Wr DATA 2 Wr DATA 3 Wr DATA 4
o e A\ Vg 7\
Wr TxEn | Wr SBRK }
A
R S T
Tx DATA
] A R2 B NMY DO
DATACHAR 1 DATACHAR 2 DATA CHAR - ’_DATA CHAR 4
=53 'é
&% 3
EXAMPLE FCRMAT =7 BIT CHARACTER WITH PARITY & 2 STOP BITS. ‘),', g 5
Receiver Control & Flag Timing (ASYNC Mode)
BREAK DETECT J——(
ke
—— 1
OVERRUN ERROR DATA ‘ i
{STATUS BIT) _.’?c_ - C:gsﬂrz !
Rx RDY 'ﬂ y
! 3 1
Rd DATA i !
[ I A [ ! U
Wr RxEn 1 TWrERR | Rst Wr RxEn | Wr RaFn ©
W S H
WA \J IRt
| i
— |
o L/ 192
Rx DATA
DATACHAR1 DATA CHAR 2 DATACHAR 3 SrNmen®
», BREAK
@5 2=
[ -
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS, EE 5 é
5 H7
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Transmitter Control & Flag Timing (SYNC Mode)

Tx EMPTY \

Tx READY
(STATUS BIT) {

Tx READY s ~
[ RN——

S

Wr COMMAND
SBRK .

Wr DATA  Wr DATA Wr DATA Wr DATA Wr COMMAND Wr DATA
CHAR 1 CHAR 2 CHAR 3 CHAR 4 SBRK * CHARS
WwR
MARKING | SPACING | MARKING DATA | SYNC
MARKING STATE STATE STATE CHARS | CHAR ETC
Tx DATA’ 006604050500808C
An e "xn *in R "k *in Mk

EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS,

Receiver Control & Flag Timing (SYNC Mode)

SYNDET %
(PIN) NOTE =1 \ \_N_‘"E ’z_f" - f<

g —m] [q— tES
_‘\
SYNDET (5.8) \
OVERRUN
OATACHAR 2R\
ERROR (5.8) o
Rx RDY (PIN) _J \
Rd STATUS We ERR Rst d STATUS
5 RASTATUS
B Juen-\ AL /[T / wee L\ [
Rakn* Rd DATA Ra DATA RASYNC RADATA
CHAR 1 CHAR 3 CHAR 1

™ U L/
3 2 \o-/ _\ \W/j

OON'T SYNC SYNC DATA DATA DATA SYNC DATA DATA
CARE CHAR 1 CHAR Z CHAR 1 CHAR 2 CHAR3 CHAR1 [ SYNCCHAR2|  DON'T CARE CHAR 1 CHAR 2 ETC.
\
Rx DATA xlxxl!u!z:lsovzxc(nIz:l<a|z)n(olzz-qolz:n.nlzxA<xxuxlxx

CHAR ASSY
'——CHAR ASSY BEGINS / BEGINS

RXTUOEK ” _nn
A_exiT HunT MoDE
EXIT HUNT MODE
SET SYNC DET SET SYN DET (STATUS BIT}

SET SYNDET (STATUS BIT}-

NOTE =1: INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY
NOTI EXTERNAL SYNC, 5 BITS, WITH PARITY
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APPLICATION OF THE COM8251A

Asynchronous %eéi z‘atl’lgstggchaeuté) CRT Terminal, Synchronous Interface to Terminal or Peripheral Device
{ _] ! ADDRESS BUS — ] 3 TDIFESS 8US §
CONTROL BUS 1 )_] CONTROL BUS ]
il : —
{ DATA BUS ] { DATA BUS 7
1
gU | E!
F=—==q | o
A0 [o—i ERTOTTL
Come2s1, e l co'van TERMINAL
A | SRR, COMB251A  AxC OR PERIPHERAL.
> BAUD RATE e pevice
mp——| s | -
Asynchronous Interface to Telephone Lines Synchronous Interface to Telephdne Lines
{ j ADDRESS BUS S ¢ ADDRESS BUS 3
| | 1
S_l CONTROL 8US 1 ‘] CONTROL BUS 1
[T [ 17T
¢ DATA BUS — 3 { DATA BUS i)
E coms2sta | PHONE
] e (me L Lo ) Pl wER.
| ] race svne f——o]  FaCE
comezsia €T3 pe—r SYNDETfe—=1
. ATS p—1 CT5 o]
t aw
e BAUD 1 ;:
e GENERATOR TELEPHONE . TELEPHONE
UINE LiNe

COMB251A Interface to uP Standard System Bus

¢ ADDRESS BUS 1
ol I
{ CONTROL BUS 1
VOB VOW| RESET
[ I I DATA 8US ] [ 1

Ib

i
0,~D, RO WA RESET CLK

ﬁi)—;—————-

COMB251A

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply thé best product possible. )
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STANDARD MICROSYSTEMS

CORPORATION E

COM 9004

IBM 3274/3276
Compatible COAX Receiver/Transmitter

FEATURES

[J Conforms to the IBM 3270 Interface Display
System Standard

[ Transmits and Receives Manchester Il Code

[ Detects and Generates Line Quiesce, Code
Violation, Sync, Parity, and Ending Sequence
(Mini Code Violation)

[ Multi Byte or Single Byte Transfers

[ Double Buffer Receiver and Transmitter
[0 Separate Data and Status Select

[ Operates at 2.3587 MHz

[J TTL Compatible Inputs and Outputs

[0 COPLAMOS® n-Channel Silicon Gate
Technology

PIN CONFIGURATION
\J
Vee (1 4[] aND
GND [ 2 390 Ti0
b 3 38 19
198 E 4 7] 1BMT
RDE [ 5 36[] 705
Do e 330 ne
D1 7 34[] DIOOP
D2 (8 B
D3 9 2] TG
b4 [J10 a1
ps [ 2 a0
b6 12 2 [] Atoor
o7 13 28[] Rsse
R9 (]14 27] BClk
R10 []15 ZGé RDA
SWE (16 25[] cvb
P 17 24[] R1A
scik 18 230 oA
Vo []19 20 v«
GND (20 21{] ™R

GENERAL DESCRIPTION

The COM 9004 is an MOS/LSI circuit which may be used
to facilitate high speed data transmission. The COM 9004
is fabricated using SMC’s patented COPLAMOS® tech-
nology and may be used to implement an interface between
IBM 3274/3276 compatible control units and 3278/3287/
3289 compatible terminal units. The receiver and transmit-
ter sections of the COM 9004 are separate and may be used
independently of each other.

The COM 9004 generates and detects the line quiesce, code
violation, parity, and mini code violation bit patterns.

The on-chip parity logic is capable of generating and
checking either even or odd parity for the entire 10 bit data
word. In addition, parity may be generated for the least sig-
nificant 8 bits of the data word (this parity bit would replace
the ninth data bit).

PARITY
GEN.

|

HOLDING
REGISTER

3228

ot

CEIVER

i

TRANSMIT

REGISTER CONTROL

[

N L 1“1:
g

T

<o  DLOOP
RECEIVE broor
RECEIVE RECEIVE controL [ ALOOP
HOLDING SHIFT a <—— ROA
FDE paRITY [ RD
cHeck [ PP
o RSSE
R9 ——————i
R10  ———f _
RTA —a——| TRESTATE - WA
TBMT
DA -— vy
oo -— Ve
— )
SWE - Ve
BCLK
SCLK
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ORGANIZATION

The COM 9004 is organized into 9 major sections. Com-
munication between each section is achieved via internal
data and control busses.

Transmitter Holding Register

The transmit holding register is a 12 bit latch. This latch is
loaded with the transmit data and parity generation infor-
mation from the system bus.

Tri-State Buffers

These buffers allow gating of the COM 9004’s status word
onto the system data bus.

Bus Transceiver

The bus transceiver allows bi-directional data transfer
between the system data bus and the transmit and receive
holding registers.

Parity Generator

This logic determines and generates the correct parity for
the data in the transmitter holding register.

Transmitter Control

This logic generates signals required to enable external

transmit circuitry. It also generates the Line Quiesce, Code
Violation, sync bits and Mini Code Violation patterns.
Transmitter Shift Register

The transmitter shift register is an 11 bit parallel to serial
shift register. It accepts data from the transmitter holding
register and the parity generation logic and converts it into
serial form for transmission.

Receive Control/Parity Check

This logic checks the received character for the specified
parity and ensures that no Transmit Check conditions
occurred. It also handles the self test mode and generates
a strobe when the complete data word is received.
Receiver Shift Register

This logic is a serial to parallel shift register that converts

the received information into a 10 bit data word and RTA
status bit.

Receiver Holding Register

This register holds the assembled data word until it is read
by the processor.

DESCRIPTION OF PIN FUNCTIONS

Processor Related Signals

PINNO. |NAME SYMBOL | FUNCTION
6-13 Transmit/ D0-D7 Bidirectional: 8 bit, three state data port used to transfer data between the COM
Receive Data 9004 and the processor.
Bits DO is the first bit transmitted.
4 Transmit Bit 9 T9S Input: A low level on this pin enables T9 to be transmitted as bit 9. A high level on
Select this pin causes T9 to determine the type of parity bit generated for bits DO-D7.

38 Transmit Bit 9 T9 Input: If T9S is low, this supplies transmit bit 9. If TS is high, then T9 low forces
odd parity and T9 high forces even parity to be generated for D0-D7. In this case
the parity bit generated is transmit bit 9.

39 Transmit Bit 10 T10 Input: This pin supplies transmit bit 10.

3 Transmit Parity TP Input: This input controls the parity bit for transmit bits 1-10. A low level on this pin
causes odd parity and a high level on this pin causes even parity to be generated
for bits 1-10. The parity bit generated is transmit bit 11.

18 System Clock SCLK Input: This signal is used to synchronize the COM 9004. The transmitter is loaded
and started on'the low to high transition of SCLK if TDS is low. DA is reset on the
low to high transition of SCLK if RDA is low.

36 Transmitter TD Input: This input and SCLK are used to load the transmitter hoiding register and

Data Strobe start the transmit sequence. Code Violation Detect (CVD) is reset at this time.

26 Reset Data RDA Input: This input and SCLK are used to reset DA.

Available
16 Status Word SWE Input: A fow level at this pin enables the status word buffer outputs (DA, CVD,
Enable TBMT, R9, R10, and RTA). A high level on SWE places the status word buffer
outputs in a high impedance state.
23 Receive Data DA This three-state output signal is at a high level when an entire word has been
Available received and transferred into the receiver buffer register. It is only set if a Transmit
Check Condition did not occur.
25 Code Violation CVvD This three-state output signal is at a high level if a valid Code Violation was
Detected detected at the receiver since the last time the transmitter was loaded. It is reset
when the transmitter is loaded.
37 Transmit Buffer TBMT This three-state output signal is at a high level when the transmit holding register
Empty may be loaded with new data.
4 Receive Bit 9 R9 This three-state output signal is receiver data bit 9.

i5 Receive Bit 10 R10 This three-state output signal is receiver data bit 10.

24 Receiver Tumn- RTA This three-state output signal is set to a high level when a valid Mini Code

around Violation is detected. Itis only set if a Transmit Check did not occur. It is reset
when the transmitter is loaded.

5 Eecgive Data RDE Input: A low level enables the outputs of the receive data register DO-D7.

nable
17 Receiver RP Input: This input determines whether the entire received word will be checked for
Parity even or odd parity. A low at this pin will cause a check for odd parity and a high at
this pin will cause a check for even parity. This input has an internal pull-up
resistor.
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DESCRIPTION OF PIN FUNCTIONS (cont.)

PIN NO. | NAME SYMBOL | FUNCTION
29 Analog ALOOP Input: A low level on this pin disables the receiver except when the transmitter
Loopback i is active. A high leve! on this pin and DLOOP will cause the receiver to be
disabled while the transmitter is active.
ALOORP is used to allow loop-back through the line drivers and receivers. This
input has an internal pull-up resistor.
34 Digital DLOOP Input: A low level on this pin disables the receiver except when the transmitter
Loopback is active. TG is forced to a high level to disable the external coax driver. Data
input to the receiver is internally wrapped from the transmitter data output.
This input has an internal pull-up resistor.
21 Master Reset MR Input: This input should be puised low after power-on. This signal resets DA to
a Iﬁw level and sets TG and TBMT to a high level. This input has an internal
: pull-up.
1 Supply Voltage V., +5 volt supply
22 Supply Voltage Vi +12 volt supply
19 Supply Voltage Vo —12 volt supply
2, 20,40 |Ground GND GROUND
Device Related Signals
PIN NO. |NAME SYMBOL | FUNCTION ] .
27 Baud Rate BCLK This input is a clock whose frequency is 8 times the desired transmitter and
Clock receiver baud rate (typically 18.8696 MHz for 3274/3276 operation). This input
is not TTL compatible.
33 Transmit Data TD Output: Serial data from the transmitter. This signal is a biphase Manchester |l
encoded bit stream. This output is high when no data is being transmitted.
31 Transmit Clock TC The Transmit Clock output is ¥z the frequency of BCLK. it is synchronized with
TD and used to provide external pre-distortion timing.
30 Receive Data RD Input: Accepts the serial biphase Manchester Il encoded bit stream.
32 Transmit Gate TG Output: This signal is low during the time that the transmit data is valid. TG is
used to turn on the external transmit circuitry.
28 Receive RSSE Input: A high level on this pin enables an internal digital single shot on RD. This
Single Shot limits a high level on RD to 3 clock times. Also when high it will cause the
Enable receiver not to detect a valid Code Violation. A low level disables the single shot
causing no reshaping of the RD input signal.

COM 9004 OPERATION

The COM 9004 consists of a receiver section that converts
Manchester Il phase encoded serial data to parallel data
and a transmitter section that converts parallel data to
Manchester Il phase encoded serial data.

Receiver

Message transfers must conform to the IBM 3270 protocol
in order for the COM 9004 to acknowledge them.

The received message is checked for the Code Violation
sequence (start sequence) bit pattern, preceding the first
data word, and Mini Code Violation (end sequence) following
the last data word.

The data word.consists of 10 data bits, a sync bit and a parity
bit.

The data word along with the first bit of the next word or
ending zero (bit 13) is shifted into a shift register. Once itis
assembled it is transferred and held in the holding register
until another data word is assembled. The 13th bit is inverted
and presented to the bus or RTA (receiver turn-around).
Therefore RTA is set high on the last word of a message
and is reset when the transmitter is loaded with the response
or on the rising edge of SCLK if RDA is held low.

Once the data word is in the holding register and parity is
correct the data available (DA) status signal is set high.

The Code Violation Detect signal (CVD) goes active high
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after aline Quiesce, Code Violation and sync bit have been
detected by the receiver. It is reset when the transmitter of
the COM 9004 is asserted. By examining this signal, the
processor can determine whether a timeoutor Transmit Check
condition caused a receiver error.

The receive input is sampled at 8 times the data rate. The
receiver logic is brought into bit synchronization during the
Line Quiesce pattern. Once the Code Violation following
the Line Quiesce is detected, the receiver is broughtinto bit
and word synchronization. The internal receiver clock is
adjusted after each transition to compensate for jitter and
distortion in the received data signal.

Transmitter

The transmitter section basically consists of a 12-bit holding
register, parallel to serial shift register and a parity generator.
The firmware initiates a transmit sequence by strobing TDS
low. The datais loaded into the holding register on therising
edge of SCLK while TDS is low. Nine bits of data (D0-D7
and T10) are transferred without change to the transmit shift
register. The logic level of T9S determines whether T9 will be
transmitted as parity on the preceding eight bits, or as data.

After the processor loads the transmit holding register with
data, status signal TBMT is driven inactive low uniil the COM
9004 transfers the data from the transmit holding register
to the transmit shift register. After the transfer, TBMT is driven
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high. The processor should not try to load data into the COM
9004 while TBMT is low. When initiating a data transmission,
the COM 9004 automatically transmits a Line Quiesce
pattern and a Code Violation. The data is then shifted out
of the shift register with a sync bit (1) inserted before the
data word, and a parity bit appended after the data word.

If a new word is loaded into the COM 9004 before the parity
bit of the previous word has been transmitted, a sync bit (1)
followed by the new data bits is transmitted. If not, after the
COM 9004 transmits the last data word (no more transmit
sequences are started), a sync bit (0) and a Mini Code
Violation is appended to the end of the message.

Output TG goes active low one-half bit cell time before the
first Line Quiesce character is output. It is made inactive
(high) during the transmission of the Mini Code Violation.

Diagnostic Modes

NORMAL OPERATION (ALOOP AND DLOOP HIGH)
Internal read data signal follows the RD input as long as the
COM 9004's transmitter is off. The receiver will be disabled
while the transmitter is active.

ANALOG LOOPBACK (ALOOP LOW AND DLOOP HIGH)
The internal read data signal follows the RD input as long
as the COM 9004’s transmitter is active.

DIGITAL LOOPBACK ALOOP HIGH AND DLOOP LOW)
The intemal read data signal follows an intemally generated
and latched valid transmit signal (only when the transmitter
isactive.) The output TG is disabled in digital loopback mode.

DISABLE RECEIVER (ALOOP ANDDLOOP LOW)
The internal read data signal is held low and output TG
is disabled.

MESSAGE FORMATS
Single Byte Transmission
COAX LINE CODE SYNC DATA PARITY ENDING COAX
IDLE QUIESCE VIOLATION BIT (10 BITS) BIT SEQUENCE IDLE
Multiple Byte Transmission
COAX LINE CODE SYNC DATA 1 PARITY SYNC DATA 2
IDLE QUIESCE VIOLATION BIT (10 BITS) BIT BIT (10BITS)
PARITY SYNC DATAN PARITY ENDING COAX
BIT | .......... BIT (10BITS) BIT SEQUENCE IDLE

Bits on the coax appear as positive and negative going
pulses. A positive pulse to negative pulse transition in the
middle of the bit cell is interpreted as alogical '0’. A negative
pulse to positive pulse transition in the middle of a bit cell is

Line Quiesce Pattern

interpreted as a logical ‘1°. A predistortion pulse is generated
for every pulse transition from an up to down level or a down
to up level.

following line turnaround.

The Line Quiesce pattemn consists of five contiguous logical
ones. It establishes an equilibrium condition on the coax
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Code Violation Pattern

code violation

last “1”
of line-
quiesce

sync bit

=z
[=3
fuy
(]
L
"2

The Code Violation pattem is a bit sequence containing .
no mid-bit time level transition in two of its three bit
cells. It is a unique pattern that violates the encoding
rules and indicates the start of valid data.

Mini Code Violation Pattern

bit times: 1 12 1 2 3
mev mev

“qr
or
«”

"
last data Ending Sequence
byte

The Mini Code Violation (MCV) pattern is a bit
sequence containing no mid-bit time level transition
in either of its bit cells. It is a unique code that violates
the encoding rules and indicates the end. of valid
transmit data.

Transmit Check
A Transmit Check is defined as follows:

1) A logical zero sync bit in the ending sequence not
followed by a Mini Code Violation.

2) Loss of a level transition at the mid-bit time during
other than a normal ending sequence.

3) A transmission parity error.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNGe . ... ......iuiiniiin ittt ittt et e et 0°Cto +70°C
Storage Temperature Range . .. ... ..ottt e —55°to +150°C
Lead Temperature (SOIdering, 10 SBC.) . . ...t ottt ittt e it e e e e +300°C
Positive Voltage on any I/0 Pin, with respectto ground ......... ... ..ot iii it +18.0V
Negative Voltage on any I/O Pin, with respecttoground . ... .. ... i et -0.3V
POWEr DISSIDANION .. .. e e e 0.75W

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or at any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench
power supply programmed to deliver +12 volts may have large voltage transients when the AC power is switched on and off. If this
possibility exists it is suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS (T, = 0°Ct0 70°C, Ve = +5V 5%, Vo = +12V £5%, Vgg = — 12V +5%)

PARAMETER MIN TYP MAX UNIT COMMENTS

DC CHARACTERISTICS
INPUT VOLTAGE
V. Low -0.3 8
V,, High 2.0 Vee
V,, High 4.3 Vet .3
OUTPUT VOLTAGE
Vo Low 4 loo. = 20 mA
Vo High 2.4 low = —.25mA
POWER SUPPLY CURRENT
lec 70 mA All outputs = V,
loo 16 mA
lgs 5 mA
INPUT LEAKAGE CURRENT )
All input pins .01 mA Vi = 0to Vg,
CAPACITANCE
Cw 10 pf (Except BCLK)
Cu 35 pf (BCLK only)

(Except BCLK)
(BCLK only)

<<<

AC ELECTRICAL CHARACTERISTICS (T, = 0°C 10 70°C, Vo = +5V £5%, Vo = + 12V £5%, Veg = — 12V £5%)

PARAMETER MIN TYP MAX UNIT CONDITIONS
Clock Frequency
oLk 7 18.8696 18.9 MHz
Sowx DC 4.7474 5 MHz
Clock Width
tsr  SCLK High 80 ns
tse SCLK Low 80 ns
tes BCLK High 20 ns
tes BCLK Low 20 ns
t  BCLKrise time 6 ns
t=  BCLKfall time 6 ns
taoo  BDE to Data Valid Delay 50 ns
tsoo  SWE to Data Valid Delay 50 ns
tor  Data Read to Bus Float 50 ns
tos Data Setup Time 100 ns
t,w DataHold Time 0 ns
toar DA to receive data —100 100 ns
valid delay
t. TC clock period 106 ns
trao TC to TG low delay -53 30 ns
twswo 1C 10 TG high dela 30 ns
tos Transmit datato Té’ 10 ns
setup time
toe  Transmit datato TC 20 ns
hold time
t,__ TBMT active to de-active 200 ns
tooc  TBMT cycle 3.2 us
too IBMT de-activated 1 2 ©s
toss IDS setup 100 200 ns
tosw  1DS hold 0 100 ns
twa MR pulse width 300 ns
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TIMING DIAGRAMS

MISC. TIMING BUS INPUT TIMING

t,

tan tsi
BCLK SCLK

texn I

DATA ————< VALID DATA
RECEIVE DATA TIMING

L
I
™BMT / r\_
DA —[
tDAV.i F—to—‘
'DO-D7, |‘ |
R9, R10 VALID DATA

*DA may occur from 100 ns before to 100 ns after data is valid.

BUS OUTPUT TIMING

TRANSMITTER TIMING RDE

taoo -
-l SWE A
w -

™ XXX, \)ALID DATA __ XXX VALID DATA AIX)O( g’%{?vu S tSDIJ :D—-—-
- 1BITCELL > VALID
TBMT CYCLE

TBMT | ft—too—a]
|- tooo -
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+5V

scLK 12@:’“2‘3'-5-3_‘]
220 TG
’ 1P T |
BCLK 74504 — 15 m ® 1l coax
0sC ol 16 33 | 3s103|f s00
7| M RG62A/
®
T D Q D |
74504 74574 7as7a| _| 3 150 120
p b Q N? 2
COM 9004 T
1IN 5V GND
TC V 1K
2 .
74804 10K
Lm3et | ¥ 1k
RD SN F 10K T,

NOTE: 1. T1-1:1:1 PULSE TRANSFORMER (TECHNITROL PART NO. 11LHA OR EQUIV)
2. ALL RESISTOR IN OHMS

TYPICAL COAX INTERFACE

STANDARD M'QOSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
A tions, consequently complete information sufficient for construction purposes is not necessarily given. The

CORPOR Tm information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does notconvey to the purchaser of the semiconductor
35 Marcus Bivd wes devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes

(516)273- 3100 TWX- -88%8  at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
CORPORATION

COM 9026

Local Area Network Controller
LANC™

FEATURES

(0 2.5 M bit data rate

(1 ARCNET local area network controller
(J Modified token passing protocol

[0 Self-reconfiguring as nodes are added or
deleted from network

[0 Handles variable length data packets
(] 16 bit CRC check and generation

[0 System efficiency increases with network
loading

[ Standard microprocessor interface

[J Supports up to 255 nodes per network
segment

[ Ability to interrupt processor at conclusion of
commands

[ Interfaces to an external 1K or 2K RAM buffer

[J Arbitrates buffer accesses between processor
and COM 9026

[J Replaces over 100 MSI/SSI parts
{1 Ability to transmit broadcast messages

[J Compatible with broadband or baseband
systems

[0 Compatible with any interconnect media
(twisted pair, coax, etc.)

PIN CONFIGURATION
ET2 1 ~ aoh FoR
CA Q2 39 Vec
ET1 Q3 380 RX

TEST2 (4 37p TX

TEST1 (5 36 p DSYNC

DWR Q6 350 As
RW (7 34 IDDAT

IOREC 08 33 p OO

MREG d9 320 A9
As g 10 31p A0
ReQ g 11 30 p ECHO

WAIT 12 290 INTR
AE Q13 28p ADO

ADEE { 14 270 AD1
L gis 26D AD2
OE f16 250 ap3
WE Q17 24h Ap4
iE q18 230 ADs
clk 419 22 b Ape
GND [] 20 218 Ap7

[ Arbitrary network configurations can be used
(star, tree, etc.)

[0 Single + 5 volt supply

GENERAL DESCRIPTION

The COM 9026 is a special purpose communications adapter
for interconnecting processors and intelligent peripherals
using the ARCNET local area network. The ARCNET local
area network is a self-polling “modified token passing” net-
work operating at a 2.5 M bit data rate. A “modified token
passing” scheme is one in which all token passes are
acknowledged by the node accepting the token. The token
passing network scheme avoids the fluctuating channel
access times caused by data collisions in so-called CSMA/
CD schemes such as Ethernet.

The COM 9026 circuit contains a microprogrammed se-
quencer and all the logic necessary to control the token
passing mechanism on the network and send and receive
data packets at the appropriate time. A maximum of 255
nodes may be connected to the network with each node
being assigned a unique ID.

191

The COM 9026 establishes the network configuration, and
automatically re-configures the network as new nodes are
added or deleted from the network. The COM 9026 per-
forms address decode, CRC checking and generation, and
packet acknowledgement, as well as other network man-
agement functions. The COM 9026 interfaces directly to the
host processor through a standard multiplexed address/
data bus.

An external RAM buffer of up to 2K locations is used to hold
up to four data packets with a maximum length of 508 bytes
per message. The RAM buffer is accessed both by the pro-
cessor and the COM 9026. The processor can write com-
mands to the COM 9026 and also read COM 9026 status.
The COM 9026 will provide all signals necessary to allow
smooth arbitration of all RAM buffer operations.

*ARCNET is a registered trademark of the Datapoint Corporation.
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2)

PIN NO. NAME SYMBOL FUNCTION
31,32,35 |ADDRESS 10, | A10, A9, A8 | These three output signals are the three most significant bits of the RAM buffer
, address. These signals are in their high impedance state except during COM

9026 access cycles to the RAM buffer. A10 and A9 will take on the value nn as
specified in the ENABLE RECEIVE or ENABLE TRANSMIT commands to or
from page nn and should be viewed as page select bits. For packets less than
256 bytes a 1K buffer can be used with A8 unconnected. For packets greater
than 256 byles, a 2K buffer is needed with A8 connected.

21,22,23, | ADDRESS/ AD7-AD0O These 8 bidirectional signals are the lower 8 bits of the RAM buffer address and

24,25,26, {DATA7-0 the 8 bit data path in and out of the COM 9026. ADO is also used for I/O command

27,28 decoding of the processor control or status commands to the COM 9026.

8 /0 REQUEST IOREQ This input signal indicates that the processor is requesting the use of the data bus
to receive status information or to issue a command to the COM 9026. This signal
is sampled internally on the falling edge of AS.

9 MEMORY MREQ This input signal indicates that the processor is requesting the use of the data bus

REQUEST to transfer data to or from the RAM buffer. This signal is sampled internally on the
. falling edge of AS.

7 READ/WRITE RW A high level on this input signal indicates that the processor’s access cycle to the
COM 9026 or the RAM buffer will be a read cycle. A low level indicates that a
write cycle will be performed to either the RAM buffer or the COM 9026. The write
cycle will not be completed, however, until the DWR input is asserted. This signal
is an internal transparent latch gated with AS.

10 ADDRESS AS This input signal is used by the COM 9026 to sample the state of the IOREQ,

STROBE MREQ and R/W inputs. The COM 9026 bus arbitration is initiated on the falling
edge of this signal.

11 REQUEST REQ This output signal acknowledges the fact that the processor’s I/0 or memory
cycle has been sampled. The signal is equal to MREQ or IOREQ passed through
an internal transparent latch gated with AS.

12 WAIT WAIT This output signal is asserted by the COM 9026 at the start of a processor access
cycle to indicate that it is not ready to transfer data. WAIT returns to its inactive
state when the COM 9026 is ready for the processor to complete its cycle.

6 DELAYED DWR This input signal informs the COM 9026 that valid data is present on the proces-
WRITE sor's data bus for write cycles. The COM 9026 will remain in the WAIT state until

this signal is asserted. DWR has no effect on read cycles. If the processor is able
to satisfy the write data setup time, it is recommended that this signal be
grounded.

29 INTERRUPT INTR This output signal is asserted when an enabled interrupt condition has occured.
REQUEST INTR returns to its inactive state by resetting the interrupting status condition or

the corresponding interrupt mask bit.

18 INTERFACE ILE This output signal, in conjunction with ADIE, gates the processor’s address/data
LATCH bus (PAD7-PADO) onto the interface address/data bus (IAD7-IADO) during the
ENABLE data valid portion of a Processor Write RAM or Processor Write COM 8026

operation.

14 ADDRESS/ ADIE This output signal enables the processor’s address/data bus (PAD7-PADO) cap-
DATA INPUT tured by AS or ILE onto the interface address/data bus (IAD7-IADO).

ENABLE

13 ADDRESS AIE This output signal enables the processor’s upper 3 address bits (PA10-PA8) onto
INPUT the interface address bus (IA10-1A8).
ENABLE

15 LATCH L This output signal latches the interface address/data bus (IAD7-1ADO) into a latch
which feeds the lower 8 address bits of the RAM buffer during address valid time
of all RAM buffer access cycles.

17 WRITE WE This output signal is used as a write pulse to the external RAM buffer. Data is ref-
ENABLE erenced to the trailing edge of WE.

16 OUTPUT OE This output signal enables the RAM buffer output data onto the interface
ENABLE address/data bus (IAD7-1ADO) during the data valid portion of all RAM buffer

read operations.

33 IDLOAD IDLD This output signal synchronously loads the value selected by the ID swiiches into
an external shift register in preparation for shifting the ID into the COM 9026. The
shift register is clocked with the same signal that feeds the COM 9026 on pin 19
(CLK). The timing associated with this signal and IDDAT (pin 34) is illustrated in
figure 19.

34 IDDATAIN IDDAT This input signal is the serialized output from the external ID shift register. The ID
is shifted in most significant bit first. A high level is defined as a logic “1”.

1,3 EXTENDED ET2,ET1 The levels on these two input pins specify the timeout durations used by the COM
TIMEOUT 9026 in its network protocol. Refer to the section entitled “Extended Timeout
1FUNCTION 2, ; Function” for details.

37 TRANSMIT TX This output signal contains the serial transmit data to the CABLE
DATA TRANSCEIVER.

38 RECEIVE RX This input signal contains the serial receive data from the CABLE
DATA TRANSCEIVER.
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DESCRIPTION OF PIN FUNCTIONS (Continued)

PIN NO. NAME SYMBOL FUNCTION
4,5 TESTPIN2 TEST2 These input pins are grounded for normal chip operation. These pins are used in
TESTPIN 1 TEST1 conjunction with ET2 and ET1 to enable various internal diagnostic functions
) when performing chip level testing.
30 ECHO ECHO When this input signal is low, the COM 9026 will re-transmit all messages of
DIAGNOSTIC length less than 254 bytes. This input should be tied high for normal chip opera-
ENABLE tion and is only utilized when performing chip levei testing.
19 CLOCK CLK A continuous 5 MHz clock input used for timing of the COM 9026 bus cycles, bus
arbitration, serial ID input, and the internal timers.

2 CA CA This input signal is 2 5 MHz clock used to control the operation of the COM 9026
microcoded sequencer. This input is periodically halted in the high state by the
DSYNC output.

36 DELAYED DSYNC This output signal is asserted by the COM 9026 to cause the external clock gen-
SYNC erator logic to halt the CA clock. Refer to figure 9.

40 POWER ON POR This input signal clears the COM 8026 microcoded sequencer program counter
RESET to zero and initializes various internal control flags and status bits. The POR sta-

tus bit is also set which causes the INTR output to be asserted. Repeated asser-
tion of this signal will degrade the performance of the network.

39 +5 VOLT Vee Power Supply
SUPPLY

20 GROUND GND Ground

1
PROTOCOL DESCRIPTION

LINE PROTOCOL DESCRIPTION

The line protocol can be described as isochronous because
each byte is preceded by a start interval and ended with a
stop interval. Unlike asynchronous protocals, there is a con-
stant amount of time separating each data byte. Each byte
will take up exactly 11 clock intervals with a single clock inter-
val being 400 nanoseconds in duration. As a result, 1 byte is
transmitted every 4.4 microseconds and the time to transmit
a message can be exactly determined. The line idles in a
spacing (logic 0) condition. A logic ‘0’ is defined as no line activity
and a logic 1 is defined as a pulse of 200 nanoseconds dura-
tion. A transmission starts with an ALERT BURST consisting
of 6 unit intervals of mark (logic 1). Eight bit data characters
are then sent with each character preceded by 2 unitintervals
of mark and one unit interval of space. Five types of transmis-
sion can be sent as described below:

Invitations To Transmit

An ALERT BURST followed by three characters; an EOT
(end of transmission—ASCI| code 04 HEX) and two
(repeated) DID (Destination IDentification) characters. This
message is used to pass the token from one node to another.

Free Buffer Enquiries

An ALERT BURST followed by three characters; an ENQ
(ENQuiry—ASCII code 05 HEX) and two (repeated) DID
(Destination IDentification) characters. This message is used
to ask another node if it is able to accept a packet of data.

Data Packets
An ALERT BURST followed by the following characters:

— an SOH (start of header-ASCll code 01 HEX)

—a SiD (Source iDentification) character

—two (repeated) DID (destination IDentification)
characters.

—a single COUNT character which is the 2's comple-
ment of the number of data bytes to follow if a “short
packet” is being sent or 00 HEX followed by a COUNT
character which is the 2's complement of the number
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of data bytes to follow if a “long packet” is being sent.
—N data bytes where COUNT = 256-N (512-N fora “long
packet”)
—two CRC (Cyclic Redundancy Check) characters. The
CRC polynomial used is X6 + X5 + X2 + 1.

Acknowledgements

An ALERT BURST followed by one character; an ACK
(ACKnowledgement—ASClI code 06 HEX) character. This
message is used to acknowledge reception of a packet
or as an affirmative response to FREE BUFFER
ENQUIRIES.

Negative Acknowledgements

An ALERT BURST followed by one character; a NAK (Neg-
ative AcKnowledgement—ASCII code 15 HEX). This mes-
sage is used as a negative response to FREE BUFFER
ENQUIRIES.

NETWORK PROTOCOL DESCRIPTION

Communication on the network is based on a “modified token
passing” protocol. A “modified token passing” scheme is
one in which all token passes are acknowledged by the node
receiving the token. Establishment of the network config-
uration and management of the network protocol are han-
dled entirely by the COM 9026's internal microcoded
sequencer. A processor or intelligent peripheral transmits
data by simply ioading a dala packet and its destination iD
into the RAM buffer, and issuing a command to enable the
transmitter. When the COM 9028 next receives the token,
it verifies that the receiving node is ready by first transmit-
ting a FREE BUFFER ENQUIRY message. If the receiving
node transmits an ACKnowiedge message, the data packet
is transmitted followed by a 16 bit CRC. If the receiving node
cannot accept the packet (typically its receiver is inhibited),
it transmits a Negative AcKnowledge message and the
transmitter passes the token. Once it has been established
that the receiving node can accept the packet and trans-
mission is complete, the receiving node will verify the packet.




If the packet is received successfully, the receiving node
transmits an acknowledge message (or nothing if it is
received unsuccessfully) allowing the transmitter to set the
appropriate status bits to indicating successful or unsu-
cessful delivery of the packet. An interrupt mask permits
the COM 9026 to generate an interrupt to the processor when
selected status bits become true. Figure 3 is a flow chart
illustrating the internal operation of the COM 9026.

NETWORK RECONFIGURATION

A significant advantage of the COM 9026 is its ability to adapt
to changes on the network. Whenever a new node is acti-
vated or deactivated a NETWORK RECONFIGURATION
is performed. When anew COM 9026 is turned on (creating
a new active node on the network), or if the COM 9026 has
not received an INVITATION TO TRANSMIT for 840 milli-
seconds, it causes a NETWORK RECONFIGURATION by
sending a RECONFIGURE BURST consisting of eight marks
and one space repeated 765 times. The purpose of this burst
is to terminate all activity on the network. Since this burstis
longer than any other type of transmission, the burst will
interfere with the next INVITATION TO TRANSMIT, destroy
the token and keep any other node from assuming control
of the line. It also provides line activity which allows the COM
9026 sending the INVITATION TO TRANSMIT to release
control of the line.

When any COM 9026 sees anidle line for greater than 78.2
microseconds, which will only occur when the token is lost,
each COM 9026 starts an internal time out equal to 146
microseconds times the quantity 255 minus its own ID. It
also sets the internally stored NID (next ID representing the
next possible ID node) equal to its own ID. If the timeout
expires with no line activity, the COM 9026 starts sending
INVITATIONS TO TRANSMIT with the DID equal fo the
currently stored NID. Within a given network, only one COM
9026 will timeout (the one with the highest ID number). After
sending the INVITATION TO TRANSMIT, the COM 9026
waits for activity on the line. If there is no activity for 74.7

microseconds, the COM 9026 increments the NID value and
transmits another INVITATION TO TRANSMIT using the new
NID equal to the DID. If activity appears before the 74.7
microsecond timeout expires, the COM 9026 releases con-
trol of the line. During NETWORK RECONFIGURATION,
INVITATIONS TO TRANSMIT will be sent to all 256 possi-
ble ID’s. Each COM 9026 on the network will finally have
saved a NID value equal to the ID of the COM 9026 that
assumed control from it. From then until the next NET-
WORK RECONFIGURATION, control is passed directly
from one node to the next with no wasted INVITATIONS TO
TRANSMIT sent to ID’s not on the network. When a node
is powered off, the previous node will attempt to pass it the

- token by issuing an INVITATION TO TRANSMIT. Since this

node will not respond, the previous node will time out and
transmit another INVITATION TO TRANSMIT to an incre-
mented ID and eventually a response will be received.

The time required to do a NETWORK RECONFIGURA-
TION depends on the number of nodes in the network, the
propogation delay between nodes and the highest ID
number on network but will be in the range of 24 to 61
milliseconds.

BROADCAST MESSAGES

Broadcasting gives a particular node the ability to transmit
a data packet to all nodes on the network simultaneously.
ID zero is reserved for this feature and no node on the net-
work can be assigned ID zero. To broadcast a message,
the transmitting node’s processor simply loads the RAM
buffer with the data packet and sets the destination ID (DID)
equal to zero. Figure 8 illustrates the position of each byte
in the packet with the DID residing at address 01 HEX of
the current page selected in the TRANSMIT command. Each
individual node has the ability to ignore broadcast mes-
sages by setting the most signficant bit of the ENABLE
RECEIVE TO PAGE nn command (see “WRITE COM 9026
COMMANDS”) to a logic zero.

BUFFER CONFIGURATION

During a fransmit sequence, the COM 9026 fetches data
from the Transmit Buffer, a 256 (or 512) byte segment of the
RAM buffer. The appropriate buffer size is specified in the
DEFINE CONFIGURATION command. When long pack-
ets are enabled, the COM 9026 will interpret the packet as
a long or short packet depending on whether the contents

COM 9026 OPERATION

of buffer location 02 is zero or non zero. During a receive

sequence, the COM 9026 stores data in the receive buffer,
also a 256 (or 512) byte segment of the RAM buffer. The
processor /O command which enables either the COM 9026
receiver or the COM 9026 transmitter -also initializes the
respective buffer page register. The formats of the buffers

FIGURE 8— ADDRESS FORMAT
RAM BUFFER I a—

1 DID

PACKET 2 COUNT =256—N
CONFIGURATION NOT

USED
DATA BYTE 1
DATABYTE 2

.

DATA BYTE N-1
255 | DATABYTEN
et e
| NOT |
511 ! USED |

COUNT

SHORT PACKET
(256 OR 512 BYTE PAGE)

(both 256 and 512 byte)are shown below.

FORMAT
| SiD

| DID
.o |
| COUNT=512-N

|

|

f

ADDRESS
0

1
2
3

NOT
USED

N =DATA PACKET LENGTH
SID =SOURCE ID
DID = DESTINATION 1D

(0 FOR BROADCASTS)

COUNT DATABYTE 1
DATABYTE2
.

.
.
DATABYTE N-1

511 DATABYTEN

LONG PACKET
(512 BYTE PAGE)
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POWER ON

SEND
RECONFIGURE
BURST

READ IDx*
FROM
SWITCHES

WRITE ID
TO RAM BUFFER

SET NID = 1D

RECONFIGURE
TIMER HAS
TIMED OUT

‘START
RECONFIGURATION Y INVITATION
TIMER { 840ms) TO TRANSMIT TO
THIS 1D
Y FREE
BUFFER ENQUIRY,
TO THIS
2 v
TRANSMIT Y NN
NAK ! Al

TRANSMIT
ACK

TRANSMIT
FREE BUFFER
ENQUIRY

SETTA

\{

Y

SETNID=ID

START TMER
(255 - ID)146us

SET Rt

WRITE BUFFER
WITH PACKET
- \AOK/ SET TMA %’;&;}o
PASS THE TOKEN] N
CRC OK
Y
LENGTH N
INCREMENT
NID Y
DID=0 A
N
N
* The ID set by the external switches is continually sampled during COM 9026 operation 2%
- ID refers to the identification number assigned to this node Y
- NID refers to the next identification number receiving the token from this ID
- SID = source identification
- DID =destination identification SEND ACK

- SOH = start of header character; preceeds all data packets
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PROCESSOR INTERFACE

Figure 2 illustrates a typical COM 9026 to processor inter-
face. The signals on the left side of this figure represent typ-
ical processor signals with a 16 bit address bus and an 8 bit
data bus with the data bus multiplexed onto the lower 8
address lines (PAD7-PADO). The processor sees a net-
work node (a node consists of a COM 9026, RAM buffer,
cable transceiver, etc. as shown in figure 2) as 2K memory
locations and 4 I/O locations within the COM 9026.

The RAM buffer is used to hold data packets temporarily
prior to transmission on the network and as temporary stor-
age of all received data packets directed to the particular
node. The size of the buffer can be as large as 2K byte loca-
tions providing four pages at a maximum of 512 bytes per
page. For packet lengths smaller than 256 bytes, a 1K RAM
buffer can be used to provide four pages of storage. In this
case address line IA8 (sourced from either the COM 9026
or the processor) should be left unconnected. Since four
pages of RAM buffer are provided, both transmit and receive
operations can be double buffered with respect to the pro-
cessor. For instance, after one data packet has been loaded
into a particular page within the RAM buffer and a transmit
command for that page has been issued, the processor can
start loading another page with the next message in a multi-
message transmission sequence. Similarly, after one mes-
sage is received and completely loaded into one page.of
the RAM buffer by the COM 9026, another receive com-
mand can be issued to allow reception of the next packet
while the first packet is read by the processor. In general,
the four pages in the RAM buffer can be used for transmit
or receive in any combination. In addition, the processor

will also use the interface bus (IA10-1A8, IAD7-IAD0) when
performing /O access cycles (status reads from the COM
9026 or command writes to the COM 9026).

To accomplish this double buffering scheme, the RAM buffer
must behave as a dual port memory. To allow this RAM to
be a standard component, arbitration and control on the
interface bus (1A10-1A8, IAD7-IADO) is required to permit
both the COM 9026 and the processor access to the RAM
buffer and, at the same time, permit all processor I/0 oper-
ations to or from the COM 9026.

Processor access cycle requests begin on the trailing edge
of AS if either IOREQ or MREQ is asserted. These access
cycles run completely asynchronous with respect to the COM
9026. Because of this, upon processor access cycle
requests, the COM 9026 immediately puts the processor
into a wait state by asserting the WAIT output. This gives
the COM 9026 the ability to synchronize and control the
processor access cycle. When the processor access cycle
is synchronized by the COM 9026, the WAIT signal is even-
tually removed allowing the processor to complete its cycle.

For processor RAM buffer access cycles, AIE and ADIE
enable the processor address captured during AS time onto
the interface address bus (IA10-1A8, IAD7-IADO). The sig-
nal L will capture the 8 least significant bits of this address
(appearing on |IAD7-IADO) before the data is multiplexed
onto it. At the falling edge of L, a stable address is pre-
sented to the RAM buffer. For read cycles, OE allows the
addressed RAM buffer data to source the interface address/
data bus (IAD7-IADO). In figure 2, this information is passed
into a transparent latch gated with WAIT. At the falling edge
of WAIT, the data accessed by the processor is captured
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and driven out via the logic function RD anded with REQ.
For processor I/O read cycles from the COM 9026, ADIE
and AIE are used to enable the processor address into the
COM 9026. Data out of the COM 9026 is gated through the
transparent latch and appears on the processor’s data bus
with the same control signals used for RAM read cycles.

For processor write cycles, after the falling edge of L, the
COM 9026 produces a WE (write enable) output to the RAM
buffer, and the TLE output from the COM 9026 allows the
processor data to source the interface address/data bus
(IAD7-1ADO). At this time the COM 9026 waits for DWR
before concluding the cycle by removing the WAIT output.
DWR should only be used if the processor cannot deliver
the data to be written in enough time to satisfy the write setup
time requirements of the RAM buffer. By delaying the acti-
vation of DWR, the period of the write cycle will be extended
until the write datais valid. Since the architecture and oper-
ation of the COM 9026 requires periodic reading and writ-
ing of the RAM busffer in a timely manner, helding the DWR
input off for a long period of time, or likewise by running the
processor at a slow speed, can result in a data overflow
condition. Itis therefore recommended that if the processor
write data setup time to the RAM buffer is met, then the DWR
input should be grounded.

For processor /O write cycles to the COM 9026, ADIE and
AIE are used to enable the processor’s address onto the
interface data bus. ILE is used to enable the processor’s
write data into the COM 9026. Delaying the activation of
DWR will hold up the COM 9026 cycle requiring the same
precautions as stated for Processor RAM Write cycles.

As stated previously, processor requests occur at the fall-
ing edge of AS if either IOREQ or MREQ are active. COM
9026 requests occur when the transmitter or receiver need
to read or write the RAM buffer in the course of executing
the command. If the COM 9026 requests a bus cycle at the
same time as the processor, or shortly after the processor,
the COM 9026 cycle will follow immediately after the pro-
cessor cycle. Figure 4 illustrates the timing relationship of
a Processor RAM Read cycle followed by a COM 9026 RAM
read cycle. Once the AS signal captures the processor
address to the RAM buffer and requests a bus cycle, it takes
4 CLK periods for the processor cycle to end. Figure 4 breaks
up these 4 CLK periods into 8 half clock interval labeled 1P
through 8P. A COM 9026 access cycle will take 5 CLK periods
to end. Figure 4 breaks up these 5 CLK periods into 10 half
intervals labeled 1C through 10C.

If a processor cycle request occurs aftera COM 9026 request
has already been granted, the COM 9026 cycle will occur
first, as shown in figure 5. Figure 5 illustrates the timing
relationship of a COM 9026 RAM Write cycle followed by a
Processor RAM Write cycle. Due to the asynchronous nature
of the bus requests (AS and CLK), the transition from the
end of the COM 9026 cycle to the beginning of the proces-
sor cycle might have some dead time. Refering to figure 5,
if AS falling edge occurs after the start of half CLK interval
9C, no real contention exists and it will take between 200
and 500 nanoseconds before the processor cycle can start.
The start of the processor cycle is defined as the time when
the COM 9026 produces a leading edge on both ADIE and
AIE. If the processor request occurs before the end of half
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CLK interval 5C (figure 5 illustrates this situation), then the
processor cycle will always start at half CLK interval 1P. The
uncertainty is introduced when the processor request occurs
during half CLK intervals 6C, 7C or 8C. In this case, the
processor cycle will start between 200 and 500 nanose-
conds later depending on the particular timing relation
between AS and CLK. The maximum time between pro-
cessor request and processor cycle start, which occurs when
the processor request comes just after a COM 9026 request,
is 1300 nanoseconds. It should be noted that all times
specified above assume a nominal CLK period of 200
nanoseconds.

Figures 6 and 7 illustrate timing for Processor Read COM
9026 and Processor Write COM 9026 respectively. These
cycles are also shown divided into 8 half clock intervals (1P
through 8P) and can be inserted within figures 4 and 5 if
these processor cycles occur.

POWER UP AND INITIALIZATION
The COM has the following power up requirements:

1—The POR input must be active for at least 100
milliseconds.

2—The CLK input must run for at least 10 clock cycles before
the POR input is removed.

3—While POR s asserted, the CA input may be running or
held high. If the CA input is running, POR may be
released asynchronously with respect to CA. If the CA
input is held high, POR may be released before CA
begins running.

During POR the status register will assume the following

state:

BIT 7 (RI) set to a logic “1”.
BIT 6 (ETS2) not affected

BIT 5 (ETS1) not affected

BIT 4 (POR) set to a logic “1”.
BIT 3 (TEST) set to a logic “0”.

BIT 2 (RECON) set to a logic “0”.
BIT 1 (TMA) set to a logic “0”.
BIT 0 (TA) set o a logic “1".

In addition the DSYNC output s reset inactive high and the
interrupt mask register is reset (no maskable interrupts
enabled). Page 00 is selected for both the receive and the
transmit RAM buffer. After the POR signal is removed, the
COM 9026 will generate aninterrupt from the nonmaskable
Power On Reset interrupt. The COM 9026 will start oper-
ation four CA clock cycles after the POR signal is removed.
At this time, the COM 9026, after reading its ID from the
external shift register, will execute two write cycles to the
RAM buffer. Address 00 HEX will be written with the data
D1 HEX and address 01 HEX will be written with the ID
number as previously read from the external shift register.
The processor may then read RAM buffer address 01 to
determine the COM 9026 ID. It should be noted that the data
pattern D1 written into the RAM has been chosen arbitrar-
ily. Only if the D1 pattern appears in the RAM buffer can
proper operation be assured.

CLOCK GENERATOR

The COM 9026 uses two separate clock inputs namely CA
and CLK. The CLK input is a 5 MHz free running clock and
the CA input is a start/stop clock periodically stopped and
started to allow the COM 9026 to synchronize to the incom-
ing data that appears on the RX input.

Figure 9illustrates the timing of the CA clock generator and
its relationship to the DSYNC output and the RX input. The
DSYNC output is used to control the stopping of the CA clock.
On the next rising edge of the CA input after DSYNC is
asserted, CA will remain in the high state. The CA clock
remains halted in the high state as long as the RX signal
remains high. When the RX signal goes low, the CA clock
is restarted and remains running until the next falling
edge of DSYNC. (See figure 20 for an implementation of
this circuit.)
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EXTENDED TIMEOUT FUNCTION

There are three timeouts associated with the COM 9026
operation.

Response Time

This timeout is equal to the round trip propagation delay
between the 2 furthest nodes on the network plus the max-
imum turn around time (the time it takes a particular COM
9026 to start sending a message in response to a received
message) which is known to be 12 microseconds. The round
trip propagation delay is a function of the transmission media
and network topology. For a typical system using RG62 coax
in a baseband system, a one way cable propagation delay
of 31 microseconds translates to a distance of about 4 miles.
The flow chart in figure 3 uses a value of 74.7 microsec-
onds (31+31+ 12+ margin) to determine if any node
will respond.

Idle Time

This time is associated with a NETWORK RECONFIGUR-
ATION. Refering to figure 3, during a NETWORK RE-
CONFIGURATION one node will continually transmit INVI-
TATIONS TO TRANSMIT until it encounters an active node.
Every other node on the network must distinguish between
this operation and an entirely idle line. During NETWORK
RECONFIGURATION, activity will appear onthe line every
78 microseconds. This 78 microsecond is equal to the
response time of 74.7 microseconds plus the time it takes
the COM 9026 to retransmit another message (usually
another INVITATION TO TRANSMIT). The actual timeout
is set to 78.2 microseconds to allow for margin.

Reconfiguration Time

if any node does not receive the token within this time, the
node will initiate 2 NETWORK RECONFIGURATION

The ET2 and ET1 inputs allow the network to operate over
ionger distances than the 4 miles stated earlier. DC levels
on these inputs control the maximum distances over which
the COM 9026 can operate by controlling the 3 timeout val-
ues described above. Table 1 illustrates the response time
and reconfiguration time as a function of the ET2 and ET1
inputs. The idle time will always be equal to the response
time plus 3.5 microseconds. It should be noted that for proper
network operation, all COM 9026's connected to the same
network must have the same response time, idle time and
reconfiguration time.
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RESPONSE | RECONFIGURATION
ET2 | ETH TIME (ps) TIME (ms)
1 1 747 840
1 0 283.4 1680
0 1 561.8 1680
0 0 1118.6 1680
TABLEA1
COM 9026 INTERNAL PROGRAMMABLE
TIMER VALUES
1/0 COMMANDS

/O commands are executed by activating the IOREQ input.
The COM 9026 will interrogate the ADO and the R/W inputs
at the AS time to execute commands according to the fol-
lowing table:

IOREQ | ADO | RW FUNCTION
low low | low |write interrupt mask
low | low | high {read status register
low | high | low |write COM 9026 command
low | high | high |reserved for future use
READ STATUS REGISTER

Execution of this command places the contents of the sta-
tus register on the data bus (AD7-ADO) during the read por-
tion of the processor’s read cycle. The COM 9026 status
register contents are defined as follows:

BIT 7—Receiver inhibited (Rl)—This bit, if set high, indi-
cates that a packet has been deposited into the RAM
buffer page nn as specified by the last ENABLE
RECEIVE TO PAGE nn command. The setting of
this bit can cause an interrupt via INTR if enabied
during a WRITE INTERRUPT MASK command. No
messages will be received until an ENABLE
RECEIVE TO PAGE nn command is issued. After
any message is received, the receiver is automat-
ically inhibited by setting this bit to a logic one.

BIT 6—Extended Timeout Status 2 (ETS2)—This bit re-
flects the currentlogic value tied to the ET2input pin

pin 1).

BIT 5—Extended Timeout Status 1 (ETS1)—This bit re-

flects the currentlogic valuetiedtothe ET1 input pin

(pin 3).




BIT 4—Power On Reset (POR)—This bit, if set high, indi-
cates that the COM 9026 has received an active
signal on the POR input (pin 40). The setting of this
bit will cause a nonmaskable interrupt via INTR.

BIT 3—Test (TEST)—This bitis intended for test and diag-
nostic purposes. It will be a logic zero under any
normal operating conditions.

BIT 2—Reconfiguration (RECON)—This bit, if set high,
indicates that the reconfiguration timer has timed
out because.the RX input was idle for 78.2 micro-
seconds. The setting of this bit can cause an inter-
rupt via INTR if enabled by the WRITE INTERRUPT
MASK command. The bit is reset low during a
CLEAR FLAGS command.

BIT 1—Transmit Message Acknowledged (TMA)—This bit,
if set high, indicates that the packet transmitted as
a result of an ENABLE TRANSMIT FROM PAGE
nn command has been positively acknowledged.
This bit should only be considered valid after the
TA bit (bit 0) is set. Broadcast mesages are never
acknowledged.

BIT 0—Transmitter Available (TA)—This bit, if set high,
indicates that the transmitter is available for trans-
mitting. This bit is set at the conclusion of a ENA-
BLE TRANSMIT FROM PAGE nn command or upon
the execution of a DISABLE TRANSMITTER com-
mand. The setting of this bit can cause an interrupt
via INTR if enabled by the WRITE INTERRUPT
MASK command.

WRITE INTERRUPT MASK

The COM 9026 is capable of generating an interrupt signal
when certain status bits become true. A write to the MASK
register specifies which status bits can generate the inter-
rupt. The bit positions in the MASK register are in the same
position as their corresponding status bits in the STATUS
register with a logic one in a bit position enabling the cor-
responding interrupt. The setting of the TMA, EST1, and
EST2 status bits will never cause an interrupt. The POR
status bit will cause a non-maskable interrupt regardiess of
the value of the corresponding MASK register bit. The MASK
register takes on the following bit definition:

BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
RECEIVE RECON TRANSMITTER
INHIBIT | XXX | XXX | XXX [ XXX | TIMER | XXX | AVAILABLE

The three maskable status bits are anded with their respec-
tive mask bits, and the results, along with the POR status
bit, are or'ed to produce the processor interrupt signal INTR.
This signal returns to its inactive low state when the inter-
rupting status bit is reset to a logic “0” or when the corre-
sponding bit in the MASK register is reset to a logic “0”. To
clear an interrupt generated as a result of a Power On Reset
or Reconfiguration occurance, the CLEAR FLAGS com-
mand should be used. To clear an interrupt generated as a
result of a completed transmission (TA) or a completed
reception (RI), the corresponding masks bits should be reset
to a logic zero.

WRITE COM 9026 COMMANDS

Execution of the following commands are initiated by performing a processor I/O write with the written data defining the

following commands:

WRITTEN DATA COMMAND

00000000

reserved for future use

00000001 DISABLE TRANSMITTER—This command will cancel any pending transmit command
(transmission has not yet started) when the COM 9026 next receives the token. This com-

mand will set the TA (Transmitter Available) status bit when the token is received.

DISABLE RECEIVER—This command will cancel any pending receive command. If
the COM 9026 is not yet receiving a packet, the RI (Receiver Inhibited) bit will be set
the next time the token is received. If packet reception is already underway, reception
will run to its normal conclusion.

ENABLE TRANSMIT FROM PAGE nn—This command prepares the COM 9026 to
begin a transmit sequence from RAM buffer page nn the next time it receives the
token. When this command is loaded, the TA and TMA bits are set to a logic “0”. The
TA bit is set o a logic one upon completion of the transmit sequence. The TMA bit will
have been set by this time if the COM 9026 has received an acknowledgement from
the destination COM 9026. This acknowledgement is strictly hardware level which is
sent by the receiving COM 9026 before its controlling processor is even aware of
message reception. It is also possible for this acknowledgement to get lost due to line
errors, efc. This implies that the TMA bit is not a guarantee of proper destination
reception. Refer to figure 3 for details of the transmit sequence and its relation to the
TA and TMA status bits.

ENABLE RECEIVE TO PAGE nn—This command allows the COM 9026 to receive
data packets into RAM buffer page nn and sets the Rl status bit to a logic zero. If “b”
is a logic “1”, the COM 9026 will also receive broadcast transmissions. A broadcast
transmission is a transmission to ID zero. The Rl status bit is set to a logic one upon
successful reception of a message.

DEFINE CONFIGURATION—If c is a logic “1”, the COM 9026 will handle short as
weli as long packets. If ¢ is a logic “0”, the COM 9026 will only handle shcrt packets
(less than 254 bytes).

CLEAR FLAGS—If pis a logic “1” the POR status flag is cleared. If ris a logic 1", the
RECON status flag is cleared.

00000010

000nn011

b00NN100

0000c101

000rp110

All other combinations of written data are not permitted and can result in incorrect chip and/or network operation.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range

Storage Temperature Range

Lead Temperature (soldering, 10 seconds)

................................................................... +325°C
Positive Voltage Onany Pin .. ... e
Negative Voltage on any pin, with respect to ground

............................................................................. 0to70°C

—-55t0150°C

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operaticn of the
device at these or any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is
suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS (T,=0°C t0 70°C, V¢ =5.0V £ 5%)

PARAMETER MIN TYP MAX UNITS COMMENTS
V, input low voitage -03 0.8 \"
V., inputhigh voltage 1 2.2 Ve \ except CA and CLK
V,. inputhigh voltage 2 Vee—0.5 6.5 \' for CAor CLK
Vo, output low voltage 1 0.4 \ lo,=1.6ma
Vo output low voltage 2 0.5 A loo=2.0ma
Vou output high voltage (1) 2.4 Vv
I input leakage current +10 RA
Cw  input capacitance 20 pf
Cos data bus capacitance 50 pf
C, all other capacitance 30 pf
lcc _power supply current 350 ma
EP
A |
+12 +5
DSYNC ]
CK
S74
CL

FIGURE 20—TYPICAL CLOCK GENERATOR CIRCUITRY
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AC ELECTRICAL CHARACTERISTICS (T,=0°t0 70°C, V. =5.0V =5%)

=
o
—
(]
w
w

PARAMETER MIN TYP MAX UNITS COMMENTS
tews  CLK pulse width 65 ns
toen; CLK period 190 200 600 ns
tores  CLK Off time 65 ns
towe CA pulse width 60 ns
teen.  CA period 190 ns
toree CA off time 60 100 300 ns
t»  CLK, CArisetime 20 ns
t=  CLK, CAfalltime 20 ns
t, width of addr. strobe 50 ns
t, REQoutput delay 0 100 ns
t;  WAIT assertion delay 0 200 ns
t,  delay torising edge
of processor cycle t 2t.+100 ns te =teens
ty  datahold into COM 9026 80 ns
ts  setup COM 9026 data out 60 ns
t,  WEdelay from CLK 0 100 ns
t;,  TXondelay from CA 10 150 ns
falling edge
t,  TXoff delay from CA 10 150 ns
rising edge
t,  AS period 721, ns to=tocre
t,, DSYNC delay from CA 10 150 ns
rising edge
t,, delay to wait off 20 100 ns
t, DWRsetup time 50 ns
t,, ILE delay from CLK 10 100 ns
t,s  processor addr. setup from ADIE, 50 ns
t,  processor command setup time 125 ns
t,, addr. enable setup timetoL 50 ns
t,s  addr. hold time from L 50 ns
t,,  strobe and data hold for read 20 ns
t»  ADbus Hlimpedance to OEs 0 ns
t,,  delay of IDLD from CLK rising edge 0 120 ns
t,, delay of IDDAT from CLK rising edge 0 50 ns
t,,  off delay from CLK rising edge 0 100 ns
t.,  addr. to RAM data valid 300 ns
ts  OE setup to WAIT falling edge 140 ns
ts strobe & data hold for write 50 ns
t,, addr. enable setup to WAIT 300 ns
t,, ADIE to OE delay 40 ns
t»  COM 9026 write data hold time 80 ns
t, OEto RAM data valid 0 140 ns
t,, status setup to AS falling edge 50 ns
t, status hold from AS falling edge 50 ns
t, RXsetupto CArising edge 80 ns
t  RXhold time from CA rising edge 30 ns
t,, POR active time 100 ms after V. has been stable
for time t;, the minimum
POR active time is
10 cycles of CLK.
The above timing information is valid for a worst case 40% to 60% duty cycle on CLK. All times are measured from the 50% point of
the signals.
FIGURE 10— v P
CLK, CA
AC CHARACTERISTICS CLK
vIL— J

— . f— —| 1 fe—top

P/

—
e

{
-

ty [— ] 1, [t , — ]

[t ., =
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REQ
L LIV FiGURE 11—
~——t, PROCESSOR ACCESS
WAIT SYNCHRONIZATION
m ta: —Fl‘— tez
MHEQ: % STABLE *

AW
|<—— t
START OF PROCESSOR
1

ACCESS CYCLE

l‘tn
DSYNC

FIGURE 12—TRANSMIT AND RECEIVE TIMING
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FIGURE 13—PROCESSOR WRITE RAM AC TIMING
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FIGURE 14—PROCESSOR READ RAM AC TIMING
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FIGURE 15—COM 9026 READ RAM AC TIMING

1c 2c ac ac 5C 6C 7C 8C ac 100
FI——— RES ‘>_____
A10-8 | VALID COM 9026 ADDRESS | :
t, [»—-—

t

- COM 9026 DATA
AD7-0 KCOM 3058 ADDR T

WE
H—t‘, s | -tzgj

i

FIGURE 16—COM 9026 WRITE RAM AC TIMING
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PROCESSOR ADDR COM 9026 DATA OUT
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FIGURE 17—PROCESSOR READ COM 9026 AC TIMING
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ADIE, AIE
0
OWR
»)
— A
ILE
e
WAIT
-t 1,
FIGURE 18—PROCESSOR WRITE COM 9026 AC TIMING
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t
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(FROM SHIFT REGISTER)

FIGURE 19—ID INPUT AC TIMING

SmNMRD MImOSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The

mATm information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
. assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
B v o devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes

at any time in order to improve design and supply the best product possible.
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All Baud Rate Generators are programmable
dividers capable of providing 16 output frequen-
cies* for UARTs or USARTSs from either an on-chip
crystal oscillator or an external frequency input.
“T” versions utilize an external frequency input
only. Dual Baud Rate Generators provide two out-

*except as noted

{OMay be custom mask programmed
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Baud Rate Generator

put frequencies simultaneously for full duplex
communications.

Baud Rate Generators providing all standard baud
rates from various popular crystal frequencies are
available. In addition the baud rate generator may
be custom mask programmed for other divisors.
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STANDARD MICROSYSTEMS COM 5016

S COM 5016T

Dual Baud Rate Generator

Programmable Divider

FEATURES PIN CONFIGURATION
[J On chip crystal oscillator or external
frequency input XTAL/EXT1 1[X_J ]} 18 XTAL/EXT2
[ Choice of 2 x 16 output frequencies +5y 2 17
[0 16 asynchronous/synchronous baud rates ‘3 16 T,
[J Direct UART/USRT/ASTRO/USYNRT ®
compatibility R, 4 15 T
[ Full duplex communication capability R: 5 14 T
[0 TTL, MOS compatibility R. 6 13 T,
R, 7 12 STT
STR 8 11 GND
+12v 9 10 NC
BLOCK DIAGRAM
STT >_—l
Ta >— FREQUENCY
oo JRE%E [T Y fRilenoverieer
To>— L/ |tontro. /] ROM
XTALEXT1 >— DIVIDER 22—
XTAL
CLOCK
BUFFER
XTALEXT2 >— DIVIDER 2 =y
Ra>— FREQUENCY
2‘2: D-LATCH EESODE N 5555535:’?”&’@%’?
Ao>— "ﬁ/comnm —/ ROM L4 A
+5V GND +12V
STH)—]
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General Description

The Standard Microsystems COM 5016 Dual Baud Rate Generator/Programmable Divider is an N-channel
COPLAMOS® MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32
externally selectable frequencies.

The COM 5016 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi-
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs,
on each of the independent dividers, as shown in Table 1.

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016 is adual
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible.

The COM 5016 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to
(215-1).

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by
cascading COM 5016's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal
or input frequency may be used to generate numerous output frequencies.

The COM 5016 can be driven by either an external crystal or TTL logic level inputs; COM 5016T is driven by TTL logic
level inputs only.

Description of Pin Functions

Pin No.| Symbol Name Function

1 XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity
External Input 1 | of the external input.

2 Vee Power Supply + 5 volt supply

3 fr Receiver Output | This output runs at a frequency selected by the Receiver divisor

Frequency select data bits.
4-7 |R,, Rs, Rc, Rp|Receiver-Divisor | The logic level on these inputs, as shown in Table 1, selects the

Select Data Bits | receiver output frequency, f;.

8 STR Strobe-Receiver | A high level input strobe loads the receiver data (R,, R;, R, Rp) into
the receiver divisor select register. This input may be strobed or
hard-wired to a high level.

9 Voo Power Supply | +12volt supply

10 NC No Connection
11 GND Ground Ground
12 STT Strobe- A high level input strobe loads the transmitter data (T,, T;, T, Tp)
Transmitter into the transmitter divisor select register. This input may be
strobed or hard-wired to a high level.
18-16 [To Voo Ve Ta | Tia@nsmitier- The iogic ievei on these inputs, as shown In Table 1, selects the
Divisor transmitter output frequency, f;.
Select Data Bits
17 fr Transmitter This output runs at a frequency selected by the Transmitter divisor
Output select data bits.
Frequency
18 | XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the
External Input2 | other polarity of the external input.

For electrical characteristics, see page 217.
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STANDARD MICROSYSTEMS COM 5026

Baud Rate Generator

Programmable Divider

FEATURES , PIN CONFIGURATION
1 On chip crystal oscillator or external
frequency input
J Choice of 16 output frequencies XTALEXT1 1[7X_J 14 four
(] 16 asynchronous/synchronous baud rates XTALEXT2 2 ]
1 Direct UART/USRT/ASTRO/USYNRT 3A
* compatibility +5v 3 12 B
[J TTL, MOS compatibility NC 4 11c
GND 5 10D
NC 6 9 ST
+12v 7 8 NC
BLOCK DIAGRAM
ST)———]
A > FREQUENCY REPROGRAMMABLE
B >— DECODE N FREQUENCY SELECT
C >— D-LATCH AND
D >—— [V |CONTROL [V ROM
XTAL/EXT 1>~
& DIVIDER =2 | fOuT
CLOCK
BUFFER
XTAL/EXT2 >—
+15V GND  +12V
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GENERAL DESCRIPTION

The Standard Microsystems COM 5026 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS*
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally
selectable frequencies.

The COM 5026 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi-
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs,
as shown in Table 1.

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input
frequencies. The four address inputs may be strobe (150ns) or DC loaded.

The COM 5026 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to (2'5—-1).

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by
cascading COM 5026's. The frequency outputis fed into the XTAL/EXT input on a subsequent device. In this way one crystal or
input frequency may be used to generate numerous output frequencies.

The COM 5026 can be driven by either an external crystal or TTL iogic level inputs; COM 5026T is driven by TTL logic level
inputs only.

Description of Pin Functions

Pin No. | Symbol Name Function
1 XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity
External input 1 of the external input.
2 XTAUEXT2 Crystal or This input is either the other pin of the crystai package or the
External Input 2 other polarity of the external input.
3 Vce Power Supply +5 volt Supply
46,8 NC No Connection
5 GND Ground Ground
7 Voo Power Supply +12 volt Supply
9 ST Strobe A high-ievel strobe ioads the input Address {As, As, Ac, As)
into the Input Address register. This input may be strobed or
hard wired to a high-level,
10-13 Ap. Ac.As, Aa | Input Address The logic level on these inputs. as shown in Table 1, selects
the output frequency.
14 four Output This output runs at a frequency as selected by the Input Address.
Frequency

For electrical characteristics, see page 217.

219




STANDARD MICROSYSTEMS COM 5036

Dual Baud Rate Generator

Programmable Divider

FEATURES PiN CONFIGURATION
(] On chip crystal oscillator or external
frequency input XTAL/EXT1 1 \J 18 XTAL/EXT2
1 Choice of 2 x 16 output frequencies +5v 2 17 ;
116 asynchronous/synchronous baud rates £ 3 16T,
[] Direct UART/USRT/ASTRO/USYNRT . =
compatibility Ra 4 5T z
] Full duplex communication capability R; 5 14 Tc 5
[ High frequency reference output Rc 6 13 T, @
(] TTL, MOS compatibility Ro 7 12 STT
STR 8 11 GND
+12v 9 10 fx/4
-BLOCK DIAGRAM
STT >——l
Ta FREQUENCY B REPROGRAMMABLE
Te >—D-LATCH _—'\ QESODE FREQUENCY SELECT
:z: ——/ CONTROL \—1/ ROM
XTALEXT1 >— DIVIDER +2 [ f;

XTAL -
y 4 /4
€Lock

BUFFER

XTAL EXT2 >— DIVIDER 2 e
e —\|brcose " FREQUENCY SELECT
Re ' DECODE
s |D-LATCH e
Ro>— V [controL [TV ROM

AokoA
+5v GND +12v
STF!)——J
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General Description

The Standard Microsystems COM 5036 Dual Baud Rate Generator/Programmable Divider is an N-channe! COP-
LAMOS® MOSI/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32
externally selectable frequencies.

The COM 5036 is specifically dedicated to generating the full spectrum of 16 asynchraonous/synchronous data communi-
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs,
on each of the independent dividers, as shown in Table 1.

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5036 is a dual
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible.

The COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to
(215-1).

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by
cascading COM 5036'’s. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal
or input frequency may be used to generate numerous output frequencies.

The COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5036T is driven by TTL logic
level inputs only.

The COM 5036 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency.

Description of Pin Functions

Pin No.| Symbol Name Function

1 XTAL/EXTH Crystal or This input is either one pin of the crystal package or one polarity
External Input 1 | of the external input.

2 Vee Power Supply | +5voltsupply
3 fr Receiver Qutput | This output runs at a frequency selected by the Receiver divisor
Frequency select data bits.

4-7 |Ra, R, R, Ry| Receiver-Divisor | The logic level on these inputs, as shown in Table 1, selects the
Select Data Bits | receiver output frequency, f;.

8 STR Strobe-Receiver | A high level input strobe loads the receiver data (R,, R, Re, Rp) into
the receiver divisor select register. This input may be strobed or
hard-wired to a high level.

9 Voo Power Supply | +12volt supply

10 fy/4 fy/4 Va crystal/clock frequency reference output.

i1 GND Ground Ground

12 STT Strobe- A high level input strobe loads the transmitter data (T,, T;, Tc, Tp)
Transmitter into the transmitter divisor select register. This input may be

strobed or hard-wired to a high level.
13-16 | T, T, Ty, Ta|  Transmitter- The logic level on these inputs, as shown in Table 1, selects the

Divider transmitter output frequency, f;.
Select Data Bits
17 fr Transmitter This output runs at a frequency selected by the Transmitter divisor
Output select data bits.
Frequency

18 | XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the
External Input 2 | other polarity of the external input.

For electrical characteristics, see page 217.
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STANDARD MICROSYSTEMS COM 5046

Baud Rate Generator

Programmable Divider

FEATURES PIN CONFIGURATION
(1 On chip crystal oscillator or external .
frequency input
1 Choice of 16 output frequencies XTALEXT1 1 14
[1 16 asynchronous/synchronous baud rates X N four
[ Direct UART/USRT/ASTRO/USYNRT TAL/EXT2 2 13A _
compatibility +5v 3 12 B =
[ High frequency reference output NC 4 1 e g
O TTL, MOS compatibility GND 5 110 D 3
NC 6 9 ST
+12v 7 8 fx/a
BLOCK DIAGRAM
ST>—-—|
A>— LN |FREQUENCY]__»\ REPROGRAMMABLE
B > TCH DECODE FREQUENCY SELECT
c>—otA AND
D >—l L\/ conTROL |V ROM
XTAL/EXT1>—

& DIVIDER +2 b four

CLOCK

BUFFER

XTAL/EXT2 >—
+4 = {x/4
+5 GND +12v
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GENERAL DESCRIPTION

The Standard Microsystems COM 5046 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS®
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally
selectable frequencies.

The COM 5046 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi-
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs;
as shown in Table 1. :

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input
frequencies. The four address inputs may be strobe (150ns) or DC loaded.

The COM 5046 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to
(215-1).

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by cascading
COM 5046'’s. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal or input
frequency may be used to generate numerous output frequencies.

The COM 5046 can be driven by either an external crystal or TTL logic level inputs; COM 5046T is driven by TTL logic
level inputs only.

The COM 5046 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency.

Description of Pin Functions

Pin No. | Symbol Name Function
1 XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity
External Input 1 of the external input.
2 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the
External Input 2 other polarity of the external input.
3 Vce Power Supply +5 volt Supply.
4.6 NC No Connection
5 GND Ground Ground
7 Voo Power Supply +12 volt Supply-
8 fu/a Reference High frequency reference output @ (1/4) fin
Frequency
9 ST Strobe A high-level strobe loads the Input Address (Aa, As, Ac, Ap)
into the input Address register. This input may be strobed or
hard wired to a high-level,
10-13 Ap.Ac A, Aa | inpui Address The iogic ievei on these inputs. as shown in Tabie 1, seiects
the output frequency.
14 four Output This output runs at a frequency as selected by the Input Address.
Frequency

For electrical characteristics, see page 217.
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COM5026T,

COM5036, COM5036T, COM5046, COM5046T
MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ...... ... ..t 0°Cto + 70°C
Storage Temperature Range .. ... .. ... —55°Cto +150°C
Lead Temperature (soldering, 10 SEC.) .. ... ..ttt e +325°C
Positive Voltage on any Pin, with respecttoground ........ .. ... ... . i +18.0V
Negative Voltage on any Pin, withrespecttoground .......... ... i -0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (TAa=0°C to 70°C, Vcc= +5V =5%, Voo =+ 12V + 5%, unless otherwise noted)

Parameter Min. Typ. Max Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, Vi 0.8 \ excluding XTAL inputs
High-level, Vix 2.0 Vee )
OUTPUT VOLTAGE LEVELS
Low-level VoL 0.4 Y loo = 1.6ma
0.5 ) lo. = 3.2ma
High-level, Von Vece—-1.5 4.0 \ lon = 100pA
INPUT CURRENT -
Low-level, I 0.3 mA Vin = GND, excluding XTAL inputs
INPUT CAPACITANCE
Allinputs, Cin 5 10 pf Vin = GND, excluding XTAL inputs
EXT INPUT LOAD 8 10 Series 7400 unit loads
POWER SUPPLY CURRENT
fcc 28 45 mA
foo 12 22 mA
A.C. CHARACTERISTICS Ta = +25°C
CLOCK FREQUENCY 5.0688 MHz  XTAL, EXT
PULSE WIDTH
Clock 50% Duty Cycle =5%
Strobe 150 DC ns See Note 1.
INPUT SET-UP TIME
Address 50 ns See Note 1.
INPUT HOLD TIME
Address 50 ns
STROBE TO NEW FREQUENCY DELAY 35 us =1/fy (18)

Note 1: Input set-up time can be decreased to = Ons by increasing the minimum strobe width by 50ns to a total of 200ns.

TIMING DIAGRAM

NOTE 1 - - ——

Vi [

Tew*

STROBE (ST)

Vi

Tser.up -——-—{ lee—— THOLD

ADDRESS }
N

Vi

*Address need only be valid during the last Tew, Min time of the input strobe.
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Crystal Operation External Input Operation
M5016

COl

COM5016/COMS5016T

COMS5036 COMS5036/COMS036T

—{ O o

18 74XX 1 18 74XX 1 18
TTL TTL
74XX—totem pole or open collector output (external
pull-up resistor required)
Crystal Operation External Input Operation
COM5026 COM5026/COMS5026T
COMS5046 COMS5046/COMS046T
T Ny S
N _EE 74XX 1 74XX >-‘Do-< p—-Do——C 1
2w TTL
281 m
885
=]
2 T > {7

pull-up resistor required)

74XX—totem pole or open collector output (external

For ROM re-programming SMC has a computer program available whereby the customer
need only supply the input frequency and the desired output frequencies.
The ROM programming is automatically generated.

Crystal Specifications Crystal manufacturers (Partial List)
User must specify termination (pin, wire, other) Northern Engineering Laboratories
Prefer: HC-18/U or HC-25/y 357 Beloit Street
Frequency — 5.0688 MHz, AT cut Burlington, Wisconsin 53105

(414) 763-3591
Temperature range 0°C to 70°C Bulova Frequency Control Products

Series resistance <50 (2 61-20 Woodside Avenue
Series Resonant Woodside, New York 11377
Qveralitolerance + .01% (212) 335
A CTS Knights Inc.
or as required 101 East Church Street

Sandwich, lllinois 60548
(815) 786-8411
Crystek Crystals Corporation
1000 Crystal Drive
Fort Myers, Florida 33901
(813) 936-2109
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APPLICATIONS INFORMATION

+5.0v
- 4

Charge pump techniques 1.0K 1.0K 1.0K
using the + 5 volt power
supply can be used to

generate the +12 volt ] N . o
power supply required. 1/6 1/6 1/6 l’f‘z"

p

The + 12 volt power 7406 7406 7406
supply of figure 1 will

o 1.0uf
supply the 22 milli-amps 2809 12v H
that is typically required. | 7o f
7406 - -
100pf Figure 1

1 VOLTAGE CHARGE PUMP

SUPPLY FOR +12v SUPPLY
From Power To Chip Power
Supply Supply Pin

When powering this device from laboratory
or system power supplies, it is important
that the Absolute Maximum Ratings not be
exceeded or device failure can result. Some
power supplies exhibit voltage spikes

or “glitches’ on their outputs when the AC
power is switched on and off. In addition,

voltage transients on the AC power line % \

Apf 13v.

may appear on the DC output. For example,
the bench power supply programmed to
deliver +12 volts may have large voltage
transients when the AC power is switched
on and off, If this possibility exists it is
suggested that the clamp circuit of figure 2
or a Semtech’bi-polarity silicon transient Figure 2

suppressor such as the 1N6110 be used. -
*SEMTECH CORPORATION OVES-TVEOCI-';-{ssE
_ PR
?«ﬁ«m&h;m??anmmia 91320 CIRCUIT
213-628-5392

1N914
Typ.
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COM5016,COM5016T, COM5026, COMS5026T,
COM5036, COM5036T, COM5046, COM5046T

Baud Rate Generator Output Frequency Options

Table 1. (16X clock) Table 2. (16X clock)
CRYSTAL FREQUENCY = 5.0688 MHz CRYSTAL FREQUENCY = 4.9152 MHz
Te'mit/ ivi T Actuai Duty Trmit/Receive Theoretical Actual Duty
Address Baud Frequency  Frequency Percent Cycle Address Baud Frequency  Frequency Percent Cycle
D C B A Rate 16X Clock 16X Clock Error % Divisor D C B A Rate 16X Clock 16X Clock Error % Divisor
0 0 0O 50 0.8KHz 0.8 KHz —  50/50 6336 0 00O 50 0.8 KHz 0.8 KHz —  50/50 6144
0 0 0 1 75 1.2 1.2 —  50/50 4224 0 0 0 1 75 1.2 1.2 —  50/50 4096
0 0 1 0 110 1.76 1.76 —  50/50 2880 0 0 1 0 110 1.76 1.7589 -0.01 v 2793
0 0 1 1 1345 2.152 2.1523 0.016 50/50 2355 0 0 t 1 1345 2.152 2.152 —  50/50 2284
0 1 0 0 150 24 24 —  50/50 2112 0 1 0 0 150 24 24 - 50 2048
0 1 0 1 300 4.8 4.8 —  50/50 1056 0 t 0 1 300 48 48 —  50/50 1024
0 1 1 0 600 9.6 9.6 — 50/50 528 0 1 1 0 600 9.6 9.6 —  50/50 512
o 1 1 1 1200 19.2 19.2 — 50/50 264 0 1 1 1 1200 19.2 19.2 —  50/50 256
1 0 0 0 1800 28.8 28.8 —  50/50 176 1 0 0 O 1800 288 28.7438 -0.19 * 17
1 0 0 1 2000 32.0 32.081 0.253 50/50 158 1 0 0 1 2000 320 31.9168 -0.26 50/50 154
1 0 1 0 2400 38.4 38.4 —  50/50 132 1 0 1 0 2400 384 .4 — 50/50 128
1t 0 1t 1 3600 57.6 57.6 — 50/50 88 i 0 1 1 3600 57.6 57.8258 0.39 - 85
1 1 0 0 4800 76.8 76.8 = 50/50 66 1 1 0 0 4800 76.8 76.8 —  50/50 64
1 1 0 1 7200 1152 115.2 — 50/50 44 1 1 0 1 7200 1152 114.306 -0.77 * 43
1 1 1 0 9600 1536 153.6 — 48/52 33 1 1 1 0 9600 1536 153.6 - 50/50 32
1 1 1 119200 307.2 316.8 3.125 50/50 16 1 1 1 119,200 307.2 307.2 — 50/50 16
32X clock
Table 3. ¢ )
CRYSTAL FREQUENCY = 5.0688 MHz
Tr'mi i L FActua! , g,uély
Addi Baud Fi ercent e
D C reBas A Rallle 3'2‘)‘(‘%7&3 3?)?270"3 Error % Divisor
0 0 0 0 50 1.6 KHz 1.6 KHz —  50/50 3168
0 0 0 1 75 24 2.4 —  50/50 2112
0 0 1 0 110 3.52 3.52 —  50/50 1440
0 0 1 1 1345 4304 4.306 .06 « 1177
0 1 0 0 15 4.8 4.8 —  50/50 1056
0 1 0 1 200 6.4 6.4 —  50/50 792
0 1 1 0 300 9.6 9.6 —  50/50 528
0 1 1 1 600 19.2 19.2 —  50/50 264
1 0 0 0 1200 38.4 384 —  50/50 132
1 0 0 1 1800 57.6 57.6 — 50/50 88
1 0 1 0 2400 76.8 76.8 — 5050 66
1 0 1 1 3600 1152 1152 -— 50/50 44
1 1 0 0O 4800 1538 153.6 -_ * 33
1 1 0 1 7200 2304 230.4 —  50/50 22
1 1 1 0 9600 3072 316.8 3.125 50/50 16
1 1 1 119200 6144 633.6 3.126 50/50 8
OUTPUT FREQUENCY OPTIONS
Part No. ‘ Dash Number
Table 1 Tabile 2 Table 3
5016/5016T STD -5 -6
5026/5026T STD -5 -6
5036/5036T STD N/A NA
5048/8048T sTD N/a N/A

*When Duty Cycle is not exactly 50%, it is 50% + 10%.
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STANDARD MICROSYSTEMS COM 8046
e - COMB8046T

Baud Rate Generator

Programmable Divider

FEATURES PIN CONFIGURATION

1 On chip crystal oscillator or external
frequency input ’
[ Single +}5,v power supply XTAL/EXT1 177 P16 fo
[J Choice of 32 output frequencies XTAL/EXT2 2 15 A
[ 32asynchronous/synchronous baud rates +5v 3 14 B
O Direct UART/USRT/ASTRO/USYNRT x 4 13 ¢
compatibility
[ Re-programmable ROM via CLASP® GND 5 12 D
;echnology allows generation of other fo/16 6 11 ST
requencies
(] TTL, MOS compatible FENA 7 10 fx/4
[ 1X Clock via fo/16 output E 8 9 NC
(] Crystal frequency output via fx and fx/4

outputs
(0 Output disable via FENA

BLOCK DIAGRAM

g

A> REPROGRAMMABLE
B > FREQUENCY SELECT
¢ >—| LATCH
D>—] DIVIDER
ROM
E>——
CONTROL
LOGIC .
fo
XTAL/EXTA D= yra L

= - DIVIDER
CLOCK

XTAL/EXT2 D=——q BUFFER

fo/16

FENA D>—

fx

A .

+5v GND

fx/4

VY'Y
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General Description

The Standard Microsystems COM 8046 is an en-
hanced version of the COM 5046 Baud Rate
Generator. It is fabricated using SMC’s patented
COPLAMOS® and CLASP® technologies and em-
ploys depletion mode loads, allowing operation from
a single +5v supply.

The standard COM 8046 is specifically dedicated to
generating the full spectrum of 16 asynchronous/
synchronous data communication frequencies for 1X,
16X and 32X UART/USRT/ASTRO/USYNRT devices.

The COM 8046 features an internal crystal oscillator
which may be used to provide the master reference
frequency. Alternatively, an external reference may be
supplied by applying complementary TTL level sig-
nals to pins 1 and 2. Parts suitable for use only with an
external TTL reference are marked COM 8046T. TTL
outputs used to drive the COM 8046 or COM 8046T
should not be used to drive other TTL inputs, as noise
immunity may be compromised due to excessive
loading.

The reference frequency (fx) is used to provide two
high frequency outputs: one at fx and the other at
fx/4. The fx/4 output will drive one standard 7400
load, while the fx output will drive two 74LS loads.

The output of the oscillator/buffer is applied to the
divider for generation of the output frequency ;. The
divider is capable of dividing by any integer from 6

to 2¥ + 1, inclusive. If the divisor is even, the output
will be square; otherwise the output will be high
longer than it is low by one fx clock period. The output
of the divider is also divided internally by 16 and made
available at the f,/16 output pin. The f,/16 output will
drive one and the fy output will drive two standard
7400 TTL loads. Both the f, and f,/16 outputs can be
disabled by supplying a low logic level to the FENA
input pin. Note that the FENA input has an internal
pull-up which will cause the pin to rise to approx-
imately V. if left unconnected.

The divisor ROM contains 32 divisors, each 19 bits
wide, and is fabricated using SMC’s unique CLASP?®
technology. This' process permits reduction of turn-
around-time for ROM patterns.

The five divisor select bits are held in an externally
strobed data latch. The strobe input is level sensitive:
while the strobe is high, data is passed directly
through to the ROM. Initiation of a new frequency is
effected within 3.54s of a change in any of the five
divisor select bits; strobe activity is not required.
This feature may be disabled through a CLASP® pro-
gramming option causing new frequency initiation to
be delayed until the end of the current f, half-cycle
All five data inputs have pull-ups identical to that
of the FENA input, while the strobe input has no
pull-up. .

Description of Pin Functions

PinNo.! Symbol Name Function
1 XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity
External Input 1 | of the external input.
2 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the other
External Input 2 | polarity of the external input.
3 Vee Power Supply + 5 volt supply
4 fy fx Crystal/clock frequency reference output
5 GND Ground Ground
6 fo/16 fo/16 1X clock output
7 FENA Enable A low level at this input causes the f, and f,/16 outputs to be
held high. An open or a high leve! at the FENA input enables the
fo and f5/ 16 outputs.
8 E E Most significant divisor select data bit. An open at this input is
equivalent to a logic high.
9 NC NC No connection
10 f/4 f /4 Y4 crystal/clock frequency reference output.
11 ST Strobe Divisor seiect data strobe. Data is sampied when this input is high,
preserved when this input is low.
12-15 D,CB,A D,CB.A Divisor select data bits. A=LSB. An open circuit at these inputs
is equivaient to a iogic high.
16 fo fo 16X clock output

For electrical characteristics, see page 231.
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STANDARD MICROSYSTEMS COM 8116

COM 8116T

:

Dual Baud Rate Generator

Programmable Divider

PIN CONFIGURATION

FEATURES
[J On chip crystal oscillator or external
frequency input XTAL/EXT1 1[ X _J P 18 XTAL/EXT2
[ Single + 5v power supply +5v 2 17 f;
] Choice of 2 x 16 output frequencies t 3 16 T,
[J 16 asynchronous/synchronous baud rates F 5T -
T Direct UART/USRT/ASTRO/USYNRT Rad : =
compatibility R; 5 14 T =
J Full duplex communication capability R. 6 13 T, 4
[ Re-programmable ROM via CLASP®
technology allows generation of other Ro 7 12 81T
frequencies STR 8 11 GND
[ TTL, MOS compatibility NC 9 10 NC
] Compatible with COM 5016
BLOCK DIAGRAM
sTT
Ta >— A [FREQUENCY
I,z : D-LATCH DECOOE ) f::gﬁ%ﬂy&ﬁg
To o1 - ROM
XTAUEXT1 >— DIVIDER 2 =1
XTAL
CLOCK
BUFFER
XTALEXT2 >—— DIVIDER 2 =1
Ra>— FREQUENCY
Re> 15 LaTCH \PECODE \ F?REEPOHUOE?‘:ZAYMS%AL%EET
Re>— AND ROM
Ro>——] CONTROL L
-5v  GND
sm>———[
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General Description

The Standard Microsystem’s COM 8116 is an en-
hanced version of the COM 5016 Dual Baud Rate
Generator. It is fabricated using SMC'’s patented
COPLAMOS® and CLASP® technologies and em-
ploys depletion mode loads, allowing operation from
a single +5v supply.

The standard COM 8116 is specifically dedicated to
generating the full spectrum of 16 asynchronous/
synchronous data communication frequencies for
16X UART/USRT devices. A large number of the fre-
quencies available are also useful for 1X and 32X
ASTRO/USYNRT devices.

The COM 8116 features an internal crystal oscillator
which may be used to provide the master reference
frequency. Alternatively, an external reference may be
supplied by applying complementary TTL level sig-
nals to pins 1 and 18. Parts suitable for use only with
an external TTL reference are marked COM 8116T.
TTL outputs used to drive the COM 8116 or COM
8116T XTAL/EXT inputs should not be used to drive

other TTL inputs, as noise immunity may be com-
promised due to excessive loading.

The output of the oscillator/buffer is applied to the
dividers for generation of the output frequencies f;, f;.
The dividers are capable of dividing by any integer
from 6 to 2" + 1, inclusive. If the divisor is even, the
output will be square; otherwise the output will be
high longer than it is low by one fx clock period.

Each of the two divisor ROMs contains 16 divisors,
each 19 bits wide, and is fabricated using SMC’s
unique CLASP® technology allowing up to 32 dif-
ferent divisors on custom parts. This process permits
reduction of turn-around time for ROM patterns.
Each group of four divisor select bits is held in an
externally strobed data latch. The strobe input is level
sensitive: while the strobe is high, data is passed di-
rectly through to the ROM. Initiation of a new fre-
quency is effected within 3.54s of a change in any of
the four divisor select bits (strobe activity is not re-
quired). The divisor select inputs have pull-up resis-
tors; the strobe inputs do not.

Description of Pin Functions

Function

This input is either one pin of the crystal package or one polarity

This output runs at a frequency selected by the Receiver divisor
The logic level on these inputs, as shown in Table 1, selects the

A high level input strobe toads the receiver data (R4, Rg, Re, Rp) into
the receiver divisor select register. This input may be strobed or

A high level input strobe loads the transmitter data (T,, Ty, Tc, Tp)
into the transmitter divisor select register. This input may be
strobed or hard-wired to a high ievei.

The logic level on these inpute, as shown in Table 1, selecis th

This output runs at a frequency seiected by the Transmitter divisor

This input is either the other pin of the crystal package or the

Pin No.[ Symbol Name
1 XTAL/EXT1 Crystal or
External Input 1 | of the external input.
2 Vee Power Supply | +5 volt supply
3 fr Receiver Output
Frequency select data bits.
4-7 |R4, Rp, Re, Rp|Receiver-Divisor
Select Data Bits | receiver output frequency, ;.
8 STR Strobe-Receiver
hard-wired te a high level.
9 NC No Connection
10 NC No Connection
1 GND Ground Ground
12 STT Strobe-
Transmitter
1316 IT,, T, T, T, | Transmitter-
’ Divisor transmitter output frequency, fr.
Select Data Bits
i7 ; Transmitter
Output select data bits.
Frequency
i8 XTAL/EXT2 Crystal or
External Input 2

other polarity of the external input.

For electrical characteristics, see page 231.
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STANDARD MICROSYSTEMS COM 8126

Baud Rate Generator

Programmable Divider

FEATURES PIN CONFIGURATION

1 On chip crystal oscillator or external
frequency input

] Single +5v power supply XTAL/EXT1

[ Choice of 16 output frequencies

[] 16 asynchronous/synchronous baud rates XTAL/EXT2

[ Direct UART/USRT/ASTRO/USYNRT +5v
compatibility NC

[0 Re-programmable ROM via CLASP® GND
technology allows generation of other
frequencies NC

] TTL, MOS compatibility NC

1 Compatible with COM 5026

/ 4 four

13 A
12 B
11C
10 D
9 ST
8 NC

=
=
=3
=
o
wi
w

N OO s W N =

BLOCK DIAGRAM

ST >—-—|
A>— |~ |FREQUENCY REPROGRAMMABLE
B > | ATCH DECODE N FREQUENCY SELECT

€ > /|AND
D> CONTROL _'l/ ROM

XTAL/EXT1>—

XTAL DIVIDER +2 F—— four
CLOCK

BUFFER

XTAL/EXT2 >—

+5v  GND
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General Description

The Standard Microsystem’s COM 8126 is an en-
hanced version of the COM 5026 Baud Rate
Generator. It is fabricated using SMC's patented
COPLAMOS® and CLASP® technologies and em-
ploys depletion mode loads, allowing operation from
a single + 5v supply.

The standard COM 8126 is specifically dedicated to
generating the full spectrum of 16 asynchronous/
synchronous data communication frequencies for
16X UART/USRT devices. A large number of the fre-
quencies available are also useful for 1X and 32X
ASTRO/USYNRT devices.

The COM 8126 features an internal crystal oscillator
which may be used to provide the master reference
frequency. Alternatively, an external reference may be
supplied by applying complementary TTL level sig-
nals to pins 1 and 2. Parts suitable for use only with
an external TTL reference are marked COM 8126T.
TTL outputs used to drive the COM 8126 or COM
8126T XTAL/EXT inputs should not be used to drive
other TTL inputs, as noise immunity may be com-

promised due to excessive loading.

The output of the oscillator/buffer is applied to the
divider for generation of the output frequency. The
divider is capable of dividing by any integer from 6
to 2" + 1, inclusive. If the divisor is even, the output
will be square; otherwise the output will be high
longer than it is low by one fx clock period.

The divisor ROM contains 16 divisors, each 19 bits
wide, and is fabricated using SMC’s unique CLASP®
technology. This process permits reduction of turn-
around time for ROM patterns. The four divisor select
bits are held in an externally strobed data latch. The
strobe input is level sensitive: while the strobe is high,
data is passed directly through to the ROM. Initiation
of a new frequency is effected within 3.5:5 of a
change in any of the four divisor select bits (strobe
activity is not required). This feature may be disabled
through a CLASP® programming option causing new
frequency initiation to be delayed until the end of the
current fo; half-cycle. The divisor select inputs have
puli-up resistors; the strobe input does not.

Description of Pin Functions

PinNo.| Symbol Name Function
1 XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity
External Input 1 | of the external input.
2 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the other
External input 2 | polarity of the external input.
3 Vee Power Supply | +5volt supply
4,6,7,8 NC No Connection
5 GND Ground Ground
9 ST Strobe A high level strobe loads the input data (A, B, C, D) into the input

1013 | D,C,B,A

Divisor Select

divisor select register. This input may be strobed or hard-wired to
a high level.
The logic level on these inputs as shown in Table 1, selects the

This output runs at a frequency selected by the divisor select

Data Bits output frequency.
14 four Output
Frequency data bits.

For electrical characteristics, see page 231.
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STANDARD MICROSYSTEMS COM 8136
% COM 8136T

Dual Baud Rate Generator

Programmable Divider
FEATURES PIN CONFIGURATION
1 On chip crystal oscillator or external
frequency input XTAL/EXT1 1 \_/ [ 18 XTAL/EXT2
[1 Single +5v power supply +5v 2 17
[0 Choice of 2 x 16 output frequencies f, 3 16 T,
[J 16 asynchronous/synchronous baud rates R. 4 5T =
J Direct UART/USRT/ASTRO/USYNRT A 8 E
compatibility R; 5 14 Tc S
(7 Full duplex communication capability R 6 18T, “
[ High frequency reference output R 7 12 STT
O Re-programmable ROM via CLASP® P
technology allows generation of other STR 8 ]11 GND
frequencies NC 9 10 ix/4
O TTL, MOS compatibility
[ Compatible with COM 5036
BLOCK DIAGRAM
STT >———-|
Ta>—] FREQUENCY]| REPROGRAMMABLE
Te >— D-LATCH| _\ 258005 N FREQUENCY SELECT
:s: _ﬁ/ CONTROL ——l/ ROM
XTAL/EXT1 >— DIVIDER +2 = f;
XTAL
y +4 =fx/4
Sess -
XTAL'EXT2 > DIVIDER 2 e
e I\ 2t N FREQUENCY SELEGT
:z: ﬂ/ égamm V AOM k l
s +5v  GND
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General Description

The Standard Microsystem’s COM 8136 is an en-
hanced version of the COM 5036 Dual Baud Rate
Generator. It is fabricated using SMC’s patented
COPLAMOS® and CLASP® technologies and em-
ploys depletion mode loads, allowing operation from
a single +5v supply.

The standard COM 8136 is specifically dedicated to
generating the full spectrum of 16 asynchronous/
synchronous data communication frequencies for
16X UART/USRT devices. A large number of the
frequencies available are also useful for 1X and 32X
ASTRO/USYNRT devices.

The COM 8136 features an internal crystal osciliator
which may be used to provide the master reference
frequency. Alternatively, an external reference may be
supplied by applying complementary TTL level sig-
nals to pins 1 and 18. Parts suitable for use only with
an external TTL reference are marked COM 8136T.
TTL outputs used to drive the COM 8136 or COM
8136T XTAL/EXT inputs should not be used to drive
other TTL inputs, as noise immunity may be com-
promised due to excessive loading.

The output of the oscillator/buffer is applied to the
dividers for generation of the output frequencies fi, f;.
The dividers are capable of dividing by any integer
from 6 to 2 + 1, inclusive. If the divisor is even, the
output will be square; otherwise the output will be
high longer than it is low by one fx clock period.

The reference frequency (fx) is used to provide a high
frequency output at fx/4.

Each of the two divisor ROMs contains 16 divisors,
each 19 bits wide, and is fabricated using SMC’s
unique CLASP® technology allowing up to 32 dif-
ferent divisors on custom parts. This process permits
reduction of turn-around time for ROM patterns. Each
group of four divisor select bits is held in an externally
strobed data latch. The strobe input is level sensi-
tive: while the strobe is high, data is passed directly
through to the ROM. Initiation of a new frequency is
effected within 3.54s of a change in any of the four
divisor select bits (strobe activity is not required).
The divisor select inputs have pull-up resistors; the
strobe inputs do not.

Description of Pin Functions

Function

This input is either one pin of the crystal package or one polarity

This output runs at a frequency selected by the Receiver divisor

The logic level on these inputs, as shown in Table 1, selects the
receiver output frequency, f;.

A high level input strobe loads the receiver data (R,, R, Re, Rp) into
the receiver divisor select register. This input may be strobed or
hard-wired to a high level.

Ya crystal/clock frequency reference output.

A high level input strobe loads the transmitter data (T,, T;, Te, Tp)
into the transmitter divisor seiect register. This input may be
strobed or hard-wired to a high level.

The logic level on these inputs, as shown in Table 1, selects the
transmitter output frequency, f;.

This output runs at a frequency selected by the Transmitter divisor

This input is either the other pin of the crystal package or the

Pin No.| Symbol i Name
1 XTAL/EXT1 Crystal or
External Input 1 | of the external input.
2 Vee Power Supply + 5 volt supply
3 fr Receiver Output
Frequency select data bits.
4-7 R4, Rg Re, Ry Receiver-Divisor
Select Data Bits
8 STR Strobe-Receiver
9 NC No Connection
10 fy/4 f/4
11 GND Ground Ground
12 STT Strobe-
Transmitter
13-16 | Ty, Tc, T, T4 | Transmitter-
Divider
Select Data Bits
17 fr Transmitter
_ Output select data bits.
rrequency
18 XTAL/EXT2 Crystal or
External Input 2

other polarity of the external input.

For electrical characteristics, see page 231.
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STANDARD MICROSYSTEMS
=

COM 8146
COM 8146T

Baud Rate Generator

Programmable Divider

FEATURES

] On chip crystal oscillator or external
frequency input

{7 Single +5v power supply

[J Choice of 16 output frequencies

116 asynchronous/synchronous baud rates

[ Direct UART/USRT/ASTRO/USYNRT
compatibility

] High frequency reference output

[J Re-programmable ROM via CLASP®
technology allows generation of other
frequencies

O TTL, MOS compatibility

] Compatible with COM 5046

PIN CONFIGURATION

14 four
13 A
12 B
11 C
10 D
9 ST
8 fx/4

XTAL/EXT1 1
XTAL/EXT2 2
+5v 3

NC 4

GND 5

NC 6

NC 7

N

BLOCK DIAGRAM

ST)————I

A>— FREQUENCY
B> arcHl N\ DECODE N
cy>>—{"" AND

—V |coNTROL

REPROGRAMMABLE
FREQUENCY SELECT”

ROM

XTALEXT1>—
XTAL

CLOCK

BUFFER

DIVIDER +2

XTAL/EXT2 >—

fx/4

+5v  GND
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General Description

The Standard Microsystem’s COM 8146 is an en-
hanced version of the COM 5046 Baud Rate
Generator. It is fabricated using SMC’s patented
COPLAMOS® and CLASP® technologies and em-
ploys depletion mode loads, allowing operation from
a single +5v supply.

The standard COM 8146 is specifically dedicated to
generating the full spectrum of 16 asynchronous/
synchronous data communication frequencies for
16X UART/USRT devices. A large number of the fre-
quencies available are also useful for 1X and 32X
ASTRO/USYNRT devices.

The COM 8146 features an internal crystal oscillator
which may be used to provide the master reference
frequency. Alternatively, an external reference may be
supplied by applying complementary TTL level sig-
nals to pins 1 and 2. Parts suitable for use only with an
external TTL reference are marked COM 8146T. TTL
outputs used to drive the COM 8146 or COM 8146T
XTAL/EXT inputs should not be used to drive other
TTL inputs, as noise immunity may be compromised
due to excessive loading.

The output of the oscillator/buffer is applied to the
divider for generation of the output frequency. The
divider is capable of dividing by any integer from 6 to
2" + 1, inclusive. If the divisor is even, the output will
be square; otherwise the output will be high longer
than it is low by one fx clock period.

The reference frequency (fx) is used to provide a high
frequency output at fx/4.

The divisor ROM contains 16 divisors, each 19 bits
wide, and is fabricated using SMC'’s unique CLASP®
technology. This process permits reduction of turn-
around time for ROM patterns. The four divisor select
bits are held in an externally strobed data latch. The
strobe input is level sensitive: while the strobe is high,
data is passed directly through to the ROM. Initiation
of a new frequency is effected within 3.5xs of a
change in any of the four divisor select bits (strobe
activity is not required). This feature may be disabled
through a CLASP® programming option causing new
frequency initiation to be delayed until the end of the
current foy; half-cycle. The divisor select inputs have
pull-up resistors; the strobe input does not.

Description of Pin Functions

PinNo.| Symbol Name Function
1 XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity
External Input 1 | of the external input.
2 XTAL/EXT2 Crystal or ‘This input is either the other pin of the crystal package or the other
External Input 2 | polarity of the external input.
3 Vee Power Supply | +5 volt supply
46,7 NC No Connection
5 GND Ground Ground
8 ix/4 ix/4 % crystai/ ciock frequency reference ouiput.
9 ST Strobe A high level strobe loads the input data (A, B, C, D) into the input
divisor select register. This input may be strobed or hard-wirad to
a high level.
10-13 D,C,B,A Divisor Select | The logic level on these inputs as shown in Table 1, selects the
Data Rite outout frequency.
14 four Output This output runs at a frequency selected by the divisor select
Frequency data bits.

For electrical characteristics, see page 231.
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ELECTRICAL CHARACTERISTICS COMB8046, COM8046T, COM8116, COM8116T, COM8126,

, COMB8126T, COM8136, COM8136T, COM8146, COM8146T
MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNge .. ....... ... . . i e 0°Cto + 70°C
Storage Temperature Range ... ... ... e -55°Cto +150°C
Lead Temperature (soldering, 10 SEC.) . ... ... ..o it +325°C
Positive Voltage on any Pin. with respecttoground ........... ... ... ... . . i +8.0V
Negative Voltage on any Pin. with respecttoground ............ ... . ... i -0.3V

“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility
exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= + 5V +5%, unless otherwise noted)

Parameter Min. | Typ. | Max. Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, V.. 0.8 \i
High-level, Vi 20 \' excluding XTAL inputs
OUTPUT VOLTAGE LEVELS
Low-level, Vo, 0.4 \ loo=1.6mA, for fy/4, /16
0.4 v lou=3.2mA, for 1o, fy, f;
0.4 ) loo=0.8mA, for f,
High-level, Vo 3.5 " lon=—100¢A; for fx, lon=-—50rA
INPUT CURRENT )
Low-level, I. -0.1 mA | Vin=GND, excluding XTAL inputs
INPUT CAPACITANCE
Al inputs, Cin 5 10 pF | Vi=GND, excluding XTAL inputs
EXT INPUT LOAD 8 10 Series 7400 equivalent loads
POWER SUPPLY CURRENT
lee 50 mA
A.C. CHARACTERISTICS Ta= +25°C
CLOCK FREQUENCY, fu 0.01 7.0 MHz | XTAL/EXT, 50% Duty Cycle +5%
COM 8046, COM 8126, COM 8146
0.01 5.1 MHz | XTAL/EXT, 50% Duty Cycle 5%
COM 8116, COM 8136
STROBE PULSE WIDTH, tew 150 | DC ns
INPUT SET-UP TIME
tos 200 ns
INPUT HOLD TIME
ton 50 ns
STROBE TO NEW FREQUENCY DELAY 35 us | @ f=50MHz
TIMING DIAGRAM
l b
VIH )
STROBE
VIL
tos
tou
DIVISOR Viu l
SELECT
DATA
Vi -t
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Crystal Operation

External input Operation

COM 8116 COM 8116/COM 8116T
COM 8136 COM 8136/COM 8136T
] D | 5.0688 MHz
] | crystal
1 N~ 18 74XX 1 ~ 18 74XX 1 ~ 18
TTL TTL
74XX—totem pole or open collector output (external
puli-up resistor required)
Crystal Operation External Input Operation
COM 8126 COM 8126/COM 8126T
COM 8146 COM 8146/COM 8146T
COM 8046 COM 8046/COM 8046T
./ ./ S
¥ _.EE1 74XX 1 74XX>-DO-0—-DO—E 1
=3 TTL TTL
g2[]
b= o

74XX—totem pole or open collector output (external
pull-up resistor required)

For ROM re-programming SMC has a computer program available whereby the customer
need only supply the input frequency and the desired output frequencies.
The ROM programming is automatically generated.

Crystal Specifications

User must specify termination (pin, wire, other)
Prefer: HC-18/U or HC-25/U

Frequency — 5.0688 MHz AT cut
Temperature range 0°C to 70°C

Series resistance <50 2

Series Resonant

Overall tolerance + .01%

or as required
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Crystal manufacturers (Partial List)

Northern Engineering Laboratories
357 Beloit Street

Burlington, Wisconsin 53105

{414) 763-3591

Bulova Frequency Control Products
61-20 Woodside Avenue
Woodside, New York 11377

(212) 335-6000

CTS Knights Inc.

101 East Church Street

Sandwich, lllinois 60548

(815) 786-8411

Crystek Crystals Corporation

1000 Crystal Drive

Fort Myers, Florida 33901

(813) 936-2109

B e p——




COM 8046
COM 8046T

=
=z
=
o
b7
Table 2
REFERENCE FREQUENCY = 5.068800MHz
Divisor Desired Desired Actual Actual
Select Baud Clock Frequency Baud Frequency
EDCBA Rate Factor (KHz) Divisor Rate (KHz) Deviation
00000 50.00 32X 1.60000 3168 50.00 1.600000 0.0000%
00001 75.00 32X 2.40000 2112 75.00 2.400000 0.0000%
00010 110.00 32X 3.52000 1440 110.00 3.520000 0.0000%
00011 134.50 32X 4.30400 1177 134.58 4.306542 0.0591%
00100 150.00 32X 4.80000 1056 150.00 4.800000 0.0000%
00101 200.00 32X 6.40000 792 200.00 6.400000 0.0000%
00110 300.00 32X 9.60000 528 300.00 9.600000 0.0000%
00111 600.00 32X 19.20000 264 600.00 19.200000 0.0000%
01000 1200.00 32X 38.40000 132 1200.00 38.400000 0.0000%
01001 1800.00 32X 57.60000 88 1800.00 57.600000 0.0000%
01010 2400.00 32X 76.80000 66 2400.00 76.800000 0.0000%
01011 3600.00 32X 115.20000 44 3600.00 115.200000 0.0000%
01100 4800.00 32X 153.60000 33 4800.00 153.600000 0.0000%
01101 7200.00 32X 230.40000 22 7200.00 230.400000 0.0000%
01110 9600.00 32X 307.20000 16 9900.00 316.800000 3.1250%
01111 19200.00 32X 614.40000 8 19800.00 633.600000 3.1250%
10000 50.00 16X 0.80000 6336 50.00 0.800000 0.0000%
10001 75.00 16X 1.20000 4224 75.00 1.200000 0.0000%
10010 110.00 16X 1.76000 2880 110.00 1.760000 0.0000%
10011 134.50 16X 215200 2355 134.52 2.152357 0.0166%
10100 150.00 16X 2.40000 2112 150.00 2.400000 0.0000%
10101 300.00 16X 4.80000 1056 300.00 4.800000 0.0000%
10110 600.00 16X 9.60000 528 600.00 9.600000 0.0000%
10111 1200.00 16X 19.20000 264 1200.00 19.200000 0.0000%
11000 1800.00 16X 28.80000 176 1800.00 28.800000 0.0000%
11001 2000.00 16X 32.00000 158 2005.06 32.081013 0.2532%
11010 2400.00 16X 38.40000 132 2400.00 38.400000 0.0000%
11011 3600.00 16X 57.60000 88 3600.00 57.600000 0.0000%
11100 4800.00 16X 76.80000 66 4800.00 76.800000 0.0000%
11101 7200.00 16X 115.20000 44 7200.00 115.200000 0.0000%
11110 9600.00 16X 153.60000 33 9600.00 153.600000 0.0000%
11111 19200.00 16X 307.20000 16 19800.00 316.800000 3.1250%
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COMB8116, COM8116T, COM8126, COM8126T
COM8136, COM8136T, COM8146, COM8146T

Baud Rate Generator Output Frequency Options

Table 1. (16X clock) Table 2. (16X clock)
CRYSTAL FREQUENCY = 5.0688 MHz CRYSTAL FREQUENCY = 4.9152 MHz
N ey Baud Py Percent Cycle T e Baud ! Fruamcy  Percent Gyole
D C B A Rate 16X G0 1exGiosr Eror. %" Divisor o €U Hue TG ot TEmr % viser
0 000 50 08KHz  0.8KHz —  50/50 6336 0 000 50 08KHz  0.8KHz —  50/50 6144
0001 75 1.2 1.2 —  50/50 4224 0001 75 1.2 2 - 50 4096
0 01 0 110 76 1.76 —  50/50 2880 0010 110 1.76 17589  -001 * 2793
0 0 1 1 1345 2152 21523  0.016 50/50 2355 0 0 1 1 1345 2152 2.152 —  50/50 2284
0100 15 24 24 —  50/50 2112 0100 150 24 24 —  50/50
0 1t 0 1 300 48 48 —  50/50 1056 0 10 1 300 48 48 —  50/50 1024
01 10 600 96 9.6 — 5050 0 1 1 0 600 9.6 96 — 5050 512
0 1 1 1 1200 192 192 —  50/50 264 0 1 1 1 1200 192 19.2 —  50/50 256
1 0 0 0 1800 288 2838 — 50/50 176 1 0 0 0 1800 288 287438  -0.19 _* 171
1 0 0 1 2000 320 32.081 0.253 50/50 158 1 0 0 1 2000 320 319168  -0.26 50/50 154
1 0 1 0 2400 384 384 —  50/50 132 1 0 1 0 2400 384 384 — 50050 128
1.0 1 1 3600 576 57.6 — 5050 88 1 0 1 1 3600 576 57.8258 039 * 85
1 1 0 0 4800 768 76.8 = 50/50 1 1 0 0 4800 768 76.8 — 5050 64
1 1 0 1 7200 1152 1152 —  50/50 44 1 1 0 1 7200 1152 114.306 -077 " 43
1 1 1 0 9600 153.6 153.6 —  48/52 33 1 1 1 0 9600 1536 1536 —  50/50 32
11 1 119200 307.2 316.8 3125 5050 16 1 1 1 119200 3072 307.2 — 50/50 16
32X clock]
Table 3. ( )
CRYSTAL FREQUENCY = 5.0688 MHz
"Mm Baud .F:.q o FAM Percent 6',"&
JUe
D C B A Rae WX Clok  32XClock  Emor % Divisor
0 000 50 1.6KHz  1.6KHz —  50/50 3168
0001 75 24 24 — 5050 2112
0010 110 352 352 —  50/50 1440
0 0 1 1 1345 4304 4.306 06 - 1177
0100 150 48 48 —  50/50 1056
0101 200 8.4 64 —  50/50 792
0 1 1 0 300 9.6 9.6 — 50/50 528
0 1 1 1 600 192 19.2 —  50/50 264
1 0 0 0 1200 384 38.4 —  50/50 132
1 0 0 1 1800 576 57.6 - 50
1 0 1 0 2400 768 76.8 — 5050 66
1 0 1 1 3600 1152 115.2 - 50 44
1 1 0 0 4800 1536 153.6 - * 33
1 10 1 7200 2304 2304 — 50550 22
1 1 1 0 9600 3072 3168 3125 5050 16
1 1 1 118200 6144 633.6 3125 50/50
OUTPUT FREQUENCY OPTIONS
Desh Number
Table1 _ Table2 _ Table3
STD -5 -6
STD -5 -6
STD NA NA
§TD NA NiA

*When Duty Cycle is not exactly 50%, itis 50% = 10%.

234




STANDARD MICROSYSTEMS COM 8116T

Baud Rate Generator Output
Frequency Options

COM8116T-013 COM 8116T-003
CRYSTAL FREQUENCY = 2.76480 MHz CRYSTAL FREQUENCIES = 6.01835 MHz
Transmit/ Transmit/ >
Receive 'l;norme.l FActual g‘é‘ Receive Tl;hoorducal FActuaI . m ;
D C B A Rate 16X Clock 16X Clock Error %  Divisor D C B A Rate 16X Clock 16X Clock Error % (=)
=
0 000 50 0.8 KHz 08KHz 0 50/50 3456 0 0 00O 50 08KHz 799.9Hz 0 50/50 7523 i
0 0 o0 1 75 1.2 1.2 0 50/50 2304 00 0 1 75 1.2 1200.0 0 50/50 5015 7]
0010 110 1.76 1.76 —.006 50/50 1571 00 1 0 110 1.76 1769.7 0 50/50 3420
00 11 134.5 2.152 2152 -.019 50/50 1285 00 1 1 1345 2152 2161.7 0 50/50 2797
0100 150 24 24 Y] 50/50 1152 0100 150 24 2399.6 0 50/50 2508
01 0t 200 32 3.2 [ 50/50 864 01 0 1 200 32 3199.5 0 50/50 1881
0110 300 48 4.8 0 50/50 576 0110 300 4.8 4799.3 0 50/50 1254
01 1t 1 600 9.6 9.6 [ 50/50 288 o1 1 1 600 9.6 9598.6 0 50/50 627
10 0 0 1200 19.2 19.2 0 50/50 144 1 0 0 0 1200 19.2 19227.9 +0.14 50/50 313
100 1 1800 28.8 28.8 0 50/50 96 1 0 0 1 1800 288 28795.9 0 50/50
1.0 1 0 2000 32.0 32.149 +.465 50/50 86 1 0 1 0 2000 320 320125 0 50/50 188
1.0 1 1 2400 38.4 38.4 0 50/50 72 1 0 1 1 2400 38.4 38333.4 -0.17 50/50 157
11 0 0 3600 57.6 57.6 0 50/50 48 1.1 0 0 3600 57.6 57868.7 +0.46 50/50 104
1 1 0 1 4800 76.8 76.8 [ 50/50 36 1 1 0 1 4800 76.8 77158.3 +0.46 50/50 78
111 0 9600 153.6 153.6 0 50/50 18 1 1 1 0 9600 153.6 154316.6 +0.46 50/50 39
1 1 1 1 19200 3072 307.2 0 44/56 9 11 1 1 18200 3072 300917.5 2.04 50/50 20
COM 8116T-013A
CRYSTAL FREQUENCY-—5.52960 MHz
Transmit/
Receive IF'hoovoﬂeal FAMuﬂ
D C B A Rate 1rG°qumyCloek 1m Error %  Divisor
0000 100 1.6KHz 1.6KHz 0 50/50 3456
0 0 0 1 150 24 24 0 50/50 2304
0010 220 3.52 35197 —.006 50/50 1571
00 1 1 269 4.304 43032 -—.019 50/50 1285
0100 300 4.8 48 0 50/50 1152
0101 400 6.4 6.4 0 50/50 864
0110 600 9.6 9.6 0. 50/50 576
01 1 1 1200 198.2 19.2 0 50/50 288
10 00 2400 38.4 38.4 0 50/50 144
10 0 1 3600 57.6 57.6 0 50/50 96
1010 4000 64.0 64.298 +.466 50/50 86
10 1 1 4800 76.8 76.8 0 50/50 72
1100 7200 1152 115.2 0 50/50 48
1101 9600 153.6 153.6 0 50/50 36
11 1 0 19200 3072 307.2 0 50/50 18
1 1 1 1 38400 614 614.8 0 44/56 9
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! !

RCP RSI
fr
COM 8017
DUAL COM 2017
BAUD RATE GENERATOR
UART
fr
TCP TSO
f ! .
Typical UART—Dual Baud Rate Generator Configuration
Fuli Duplex—Split Speed
R.
R:
wa |t ! | a BA |—————>T50
COM 1671
COM 8046 AOTRO

BB j¢——————RSI
fc/16

DB
I—» DD

Typical ASTRO—Baud Rate Generator Configuration

XTAL
1T 1L
i
R R
AN AN Dc »~ XTAL/EXT1
___D(,_‘___Dc % Dc XTAL/EXT2
Typical External Oscillator Hook-Up 3 To System
+V
1L
XTAL/EXT1 T 1 +
10pF

COM 8XXX I COMPARATOE> >o-> To System
F

T OpF 74xx
XTAL/EXT2 ﬁ'

1
o d
RSR y
Generation of Communication Reference Frequency and -

System Clock from a single crystal =

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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for CRT video -
| displays . ;

Provides attributes - Revers
: .. 1-and graphics control .. | grap] higs, blank, blink,
Chents e for CRT video on-chip cursor; double underiine, " .
Coln e | displayss _ | height, double width imtensity - poooi oo ;
‘1) May be custom mask programmed (3) Also available as CRT 8002A,B,C —001 Katakana
) For future release CRT 8002A,B,C — 003 5X7 dot matrix
(4) Algo available as CRT 7004A,B,C — 003 5X7

dot matrix
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STANDARD MICROSYSTEMS

CRT 5027
CRT 5037
CRT 5057

. ] JLPC FAMILY
CRT Video Timer and Controller
VTAC®

FEATURES PIN CONFIGURATION
[J Fully Programmable Display Format —
Characters per data row (1-200) Azg 1 40 A1
Data rows per frame (1-64) A3 Q2 39 1 AD
csgs 38 [1 HP
Raster scans per data row (1-16) rad s 37 b H1
[ Programmable Monitor Sync Format r2d s 36 b H2
Raster Scans/Frame (256-1023) GND O 6 35 N H3
“Front Porch” R1Q7 34 1 H4
Sync Width REO 8 33 1H5
“Back Porch” ~dos 32 1 H6
Interlace/Non-interlace } LLI/CSYN T 10 31 p H7/DRS
Vertical Blanking VSYN G 11 30 0 DR4
[ Lock Line Input (CRT 5057) oce g 12 29 0 DR3
O Direct Outputs to CRT Monitor Voo g 13 28 i DR2
Horizontal Sync Vec § 14 27 1 DR1
Vertical Sync } HSYN [ 15 26 1 DRY
Composite Sync (CRT 5027, CRT 5037) CRV O 16 25 p.osg
A sLd 17 24 pDB1
Blanking
. D87 Q 18 23 [ DB2
Cursor coincidence d 19 225
Programmed via: DB6 Des =
. . DBs ( 20 21 hpB4 =
Processor data bus - =
External PROM PACKAGE: 40-Pin D.I.P. E
Mask Option ROM [ Split-Screen Applications »
0 Standard or Non-Standard CRT Monitor Compatible Horizontal
[0 Refresh Rate: 60Hz, 50Hz, ... Vertical
0 Scrglling O Interlace or Non-Interlace operation
Single Line (] TTL Compatibility
Multi-Line [ BUS Oriented

O Cursor Position Registers

O Character Format: 5x7, 7x9,...

O Programmable Vertical Data Positioning

[0 Balanced Beam Current Interlace (CRT 5037)
[ Graphics Compatible

T High Speed Operation
[J COPLAMOS* N-Channe! Silicon
Gate Technology

"0 Compatible with CRT 8002 VDAC™

{J Compatible with CRT 7004

GENERAL DESCRIPTION

The CRT Video Timer and Controller Chip (VTAC)¢ is a user programmable 40-pin COPLAMOS® nchannel MOS/LS!
device containing the logic functions required to generate all the timing signals for the presentation and formatting of
interlaced and non-interlaced video data on a standard or non-standard CRT monitor.

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmable. The datarow
counter has been designed to facilitate scrolling.

Programming is effected by loading seven 8 bit control registersdirectly offan8 bitbidirectional databus. Four register
address lines and a chip select line provide complete microprocessor compatibility for program controlled setup. Thedevice
can be “self loaded” via an external PROM tied on the data busas described inthe OPERATION section. Formatting canalso
be programmed by a single mask option.

In addition to the seven control registers two additional registers are provided to store the cursor character and data
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the
bus for update by the program.

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd
number of scan lines per data row, or interlaced operation with an even number of scan lines perdatarow. The CRT 5037
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes.
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays.

The CRT 5057 provides the ability to lock a CRT’s vertical refresh rate, as controlled by the VTAC’s® vertical sync
puise, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called “swim” phenomenon. This is particularly
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC's®
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line after this transition
rises above the logic threshold of the VTAC.©

To provide the pin required for the line lock input, the composite sync output is not provided in the CRT 5057.
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Description of Pin Functions

. Input/
- PinNo. Symbol Name Output  Function
25-18 DBg-7 Data Bus 1/0  Data bus. Input bus for control words from microprocessor or
PROM. Bidirectional bus for cursor address.
3 Cs Chip Select | Signals chip that it is being addressed
39,40,1,2 Ag@-3 Register | Register address bits for selecting one of seven control
Address registers or either of the cursor address registers
9 DS Data Strobe 1 Strobes DB@-7 into the appropriate register or outputs the
cursor character address or cursor line address onto the data bus
12 DCC DOT Counter | Carry from off chip dot counter establishing basic character
Carry clock rate. Character clock.
38-32 Hg-6 Character o] Character counter outputs.
Counter Outputs
7,54 Ri1-3 Scan Counter O  Three most significant bits of the Scan Counter; row select
Outputs inputs to character generator.
31 H7/DR5 H7/DR5 (0] Pin definition is user programmable. Output is MSB of
Character Counter if horizontal line count (REG. @) is =128;
otherwise output is MSB of Data Row Counter.
8 Rg Scan Counter LSB (e} Least significant bit of the scan counter. In the inter-
laced mode with an even number of scans per data row,
RO will toggle at the field rate; for an odd number of
scans per data row in the interlaced mode, R@ will toggle
at the data row rate.
26-30 DR@-4  DataRow O  Data Row counter outputs.
Counter Outputs
17 BL Blank o} Defines non active portion of horizontal and vertical scans.
15 HSYN Horizontal Sync 0 Initiates horizontal retrace.
11 VSYN Vertical Sync 0 Initiates vertical retrace.
10 CSYN/  Composite Sync Output/ O/l  Composite sync is provided on the CRT 5027 and CRT 5037.
LLI Line Lock Input This output is active in non-interlaced mode only. Provides a true
RS-170 composite sync wave form. For the CRT 5057, this pin is
the Line Lock Input. The line frequency waveform, processed to
conform to the VTAC's® specified logic levels, is applied to this pin.
16 CRV Cursor Video O  Defines cursor location in data field.
14 Vee Power Supply PS  +5volt Power Supply
13 Voo Power Supply PS  +12volt Power Supply
DATABUSDB®-7 2518 ‘F‘j

00T counTeR
caRAY

cwe seLECT

SYNC DELAY | SYNCWIOTH | g1 oy
REGISTER | REGISTER

sanr

‘CURSOR H ADDRESS
REGISTER

}--~zxnsmc
=
12 CHARACTER
COUNTER
38-32 w
r
-
! Y
L O
[ !
| covensaron J( : 'H COMPARATOR
i il |
T mzal SCWDATAWN'?;;[ LASID“ARON—! \mumnzj__m
DATA BUS 0B 0.7 _’ l4
[—* RESET
i
andand 4 |1 [
+5v +12v  GND
BLOCK DIAGRAM

240




Operation

The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or
hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the
system initialization routine, or during power up via a PROM tied on the data bus and addressed directiy by the Row Select
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words
are shown in Table 1. The information contained in these seven words consists of the following:

Horizontal Formatting:
Characters/Data Row A 3 bit code providing 8 mask programmable character lengths from 20 to 132.
The standard device will be masked for the following character lengths; 20, 32,
40,64, 72, 80, 96, and 132.

Horizontal Sync Delay 3 bits assigned providing up to 8 character times for generation of “front porch ™.

Horizontal Sync Width 4 bits assigned providing up to 15 character times for generation of horizontal
sync width.

Horizontal Line Count 8 bits assigned providing up to 256 character times for total horizontal formatting.

Skew Bits A 2 bit code providing from a 0 to 2 character skew (delay) between the

horizontal address counter and the blank and sync (horizontal, vertical,composite)
signals to allow for retiming of video data prior to generation of composite video
signal. The Cursor Video signal is also skewed as a function of this code.

Vertical Formatting: ‘
Interlaced/Non-interlaced This bit provides for data presentation with odd/even field formatting for inter-
laced systems. It modifies the vertical timing counters as described below.
A logic 1 establishes the interlace mode.

Scans/Frame 8 bits assigned, defined according to the following equations: Let X = value of 8
assigned bits.
1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans,
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 scans,
thereby producing two interlaced fields.
Range = 513 to 1023 scans/frame, odd counts only.
2) in non-interlaced mode—scans/frame = 2X + 256. Therefore for 262 scans,
program X = 3 (00000011).
Range = 256 to 766 scans/frame, even counts only.
In either mode, vertical sync width is fixed at three horizontal scans (= 3H).

>
=
=
=
o
w
7

Vertical Data Start 8 bits defining the number of raster scans from the leading edge of vertical
sync until the start of display data. At this raster scan the data row counter is
set to the data row address at the top of the page.

Data Rows/Frame 6 bits assigned providing up to 64 data rows per frame.

Last Data Row 6 bits to allow up or down scrolling via a preload defining the count of the last
displayed data row.

Scans/Data Row 4 bits assigned providing up to 16 scan lines per data row.

Additional Features

Device Initialization:

Under microprocessor control—The device can be reset under system or program control by presenting a 181¢ address
on A3-. The device will remain reset at the top of the even field page until a start command is executed by presentinga 1118
address on A3-¢.

Via “Self Loading”—In a non-processor environment, the self loading sequence is effected by presenting and holding the
1111 address on A3-@, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing
sequence will begin one line scan after the 1111 address is removed. In processor based systems, self loading is initiated by
presenting the @111 address to the device. Self loading is terminated by presenting the start command to the device which
also initiates the timing chain.

Scrolling—In addition to the Register 6 storage of the last displayed data row a “scroll” command (address 1@11)
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications.
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Horizontal Line Count:

Characters/Data Row:

Horizontal Sync Delay:
Horizontal Sync Width:

Skew Bits

Scans/Frame

Vertical Data Start:

Data Rows/Frame:
Last Data Row:

Mode:
Scans/Data Row:

Control Registers Programming Chart

Total Characters/Line=N+1, N=0to 255 (DBO=LSB)
DB2 DB1 DBO

0 0 0 = 20 Active Characters/Data Row
0 0 1 = 32
0 1 0 = 40
0 1 1 = 64
1 0 0 =72
1 0 1 = 80
1 1 0 = 96
1 1 1 = 132
=N, from 1 to 7 character times (DB0=LSB) (N =0 Disallowed)
=N, from 1 to 15 character times (DB3=LSB) (N =0 Disallowed)
Sync/Blank Delay Cursor Delay
DB7 DB6 (Character Times)
0 0 0 0
1 0 1 0
0o 1 2 1
1 1 2 2

8 bits assigned, defined according to the following equations:
Let X = value of 8 assigned bits. (DBO=LSB)
1) ininterlaced mode—scans/frame = 2X + 513. Therefore for 525 scans,
program X = 6 (00000110). Vertical sync will occur precisely every 262.5
scans, thereby producing two interlaced fields.
Range = 513 to 1023 scans/frame, odd counts only.
2) in non-interlaced mode—scans/frame = 2X + 256. Therefore for 262
scans, program X = 3 (00000011).
Range = 256 to 766 scans/frame, even counts only.
In either mode, vertical sync width is fixed at three horizontal scans (=3H).
N = number of raster lines delay after leading edge of vertical sync of
vertical start position. (DB0=LSB)
Number of datarows = N+1,N=010 63 (DBO=LSB)
N = Address of last dsplayed data row, N = 0to 63, ie; for 24 data rows,
program N=23. (DBO=LSB)
Register, 1, DB7 =1 establishes Interlace.

Interlace Mode
CRT 5027: Scans per Data Row = N+ 1where N = programmed number of
scans/data rows: N = 0 to 15. Scans per data row must be even counts only.
CRT 5037, CRT 5057: Scans per data Row = N +2.N = 0to 14, odd or even

counts.
Non-Interlace Mode

CRT 5027, CRT 5037, CRT 5057: Scans per DataRow = N + 1, odd or
even count. N = 0to 15.

U
P EEEK] }E
DEg—D— o MR
< D]
D oK e
< DK cRT 503 CRT 5037
> - or CRT 5057
> ~Bja
< S8
DB7 Q- -
Ro R: Rz Ra
Figure 4.
HA SELF LOADING SCHEME
el FOR VTAC® SET-UP
‘OR EQUIVALENT HAz
SLORD cs HA
(from system) HAs e 45

ROW SELECTS
TO CHARACTER GENERATOR
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Register Selects/Command Codes

A3 A2 A1 AG Select/Command Description
0 0 0 O Load Control Register @
0 0 0 1 Load Controt Register 1
0 0 1 0 Load Contro! Register 2 :
0 0 1 1 Load Control Register 3 See Table 1
0 1 0 O Load Control Register 4
01 0 1 Load Control Register 5
o1 1 0 Load Control Register 6
o 1 1 1 Processor Initiated Self Load : Command from processor instructing

VTACE to enter Self Load Mode (via ex-
ternal PROM)

1 0 0O Read Cursor Line Address

1 0 0 1 Read Cursor Character Address

1 0 1 0 Reset ’ Resets timing chain to top left of page. Reset
is latched on'chip by 55 and counters are

held until released by start command.

1 0 1 1 Up Scroll Increments address of first displayed data
row on page. ie; prior to receipt of scroll
command—top line = 0, bottom line = 23.
After receipt of Scroll Command—top line =
1, bottom line = 0.

1 1.0 0 Load Cursor Character Address*

11 0 1 Load Cursor Line Address* :

1t 1 10 Start Timing Chain Receipt of this command after a Reset or
Processor Self Load command will release
the timing chain approximately one scan line
later. In applications requiring synchronous
operation of more than one CRT 5027 the
dot counter carry should be held low during
the DS for this command.

11 1 1 Non-Processor Self Load Device will begin self load via PROM
: when DS goes low. The 1111 command
should be maintained on A3-@ long
enough to guarantee self load. (Scan
counter should cycle through at least
once). Self load is automatically termi-
nated and timing chain initiated when the
all “1’s”_condition is removed, indepen-
dent .of DS. For synchronous operation
of more than one VTAC®, the Dot Counter
Carry should be held low when the com-
mand is removed.

*NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address
Register (REG 8) are enabled during states $111 and 1880 of the R3-R@ Scan Counter outputs respectively.
Therefore, Cursor data in the PROM should be stored at these addresses.

TABLE 1
BIT ASSIGNMENT CHART
HORAZONTAIJ.:]NECOUNT SKEZVL_'BITS DATA ROWS/FRAME LAST DISPLAYED DATA ROW
C — —tl —
nesg(7] [ [ [ [ [ [d] rees[z]6]s] [ [ [ To] mese[ [ [s[ [ ] ] [0]
MODE: INTERLACED/  HSYNCWIDTH H SYNG DELAY SCAN LINES/FRAME CURSOR CHARACTER ADDRESS
NON INTERLACED — L

e L T BT 18] el L LI 1 ] = GL [ [ L1114l

SCANS/DATA ROW CHARACTERS/DATA ROW VERTICAL DATASTART CURSOR ROW ADDRESS

reoz 6] | [3]2] [#] ros(7] [ [ [ [ ][9] ~ees [ [s] [ ][9]
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AC TIMING DIAGRAMS

|
FIGURE 1 VIDEO TIMING - oy
DOT COUNTER [\ ’ ! |
CARRY | h
[, P P J— N
| PW L PW g
—_—— e e e e —— - =
Hg-7 ~
HSYNC. V SYNC. BLANK N <

CURSOR VIDEO.

COMPOSITE SYNC

FIGURE 2 LOAD READ TIMING

Tserup+

7
ADDRESS,
CHIP SELECT

B
e W/// //// TN

PW 58 ————m=

FIGURE 3 SCAN AND DATA ROW COUNTER TIMING

*R@-3 and DR@-5 may change prior to the falling edge of H sync

CRT 5057 LINE LOCK
LINE LOCK IN
(60 HZ, 50 HZ) 1\
CRY 5057 LOGIC
THRESHOLD
1/F LINE LOCK
e——1/F LINE LOCK = 1H—
{
VERTICAL SYNC m L.
ouT

//_—a

— _— SAMPLES LINE \‘
LOCK IN
M n n r

n__n n n

FISTNG =

LINE 9
LOCK

LOGIC
THRESHOLD

VERTICAL
SYNC
ouT

PROGRAM: SCANS/FRAME TO BE GREATER THAN —————
fune ook min. X H

Note: To ensure

a stable display when
using the line lock
mode, the CRT 5057
should be used with DC
coupled monitors only.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ......... ... .. it 0°Cto ~ 70°C
Storage Temperature Bange . ... ... . e -55°Cto ~150°C
Lead Temperature (soldering, 10S€C.) . ... ... i i i e -325°C
Positive Voltage on any Pin, withrespecttoground . ....... ... ... ... ... ... ... oL -18.0V
Negative Voltage on any Pin, with respecttoground ............ ... ... ... i -0.3Vv

“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or ““glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. For example, the
bench power supply programmed to deliver + 12 volts may have large voltage transients when the
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Véc= +5V=5%, Voo= + 12V =5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level, ViL 0.8 A
High Level, Vin Vee—1.5 Vce \
OUTPUT VOLTAGE LEVELS
Low Level—Vou for R@-3 0.4 V. loL=3.2ma
Low Level—Vo alt others 0.4 V.  loL=16ma
High Level—Vo+ for R@-3, DB@-7 2.4 lon =80ua
High Level—Von all others 2.4 lon=40ua
INPUT CURRENT
Low Level, li. (Address, CS only) 250 pA V=04V
Leakage, li. (All Inputs except Address, CS) 10 wA  O=VinSVce
INPUT CAPACITANCE
Data Bus, Cin 10 15 pF
DS, Clock, Cin 25 40 pF
All other, Cin 10 15 pF
DATA BUS LEAKAGE in INPUT MODE
los 10 uA 04V =V =525V
POWER SUPPLY CURRENT
lce 80 100 mA
lop 40 70 mA
A.C. CHARACTERISTICS Ta= 25°C
DOT COUNTER CARRY
frequency 0.5 4.0 MHz  Figure 1
PWH 35 ns Figure 1
PWL 215 ns Figure 1
tr, i 10 50 ns Figure 1
DATA STROBE
PWGs 150ns 10us Figure 2
ADDRESS, CHIP SELECT
Set-up time 125 ns Figure 2
Hold time 50 ns Figure 2
DATA BUS—LOADING
Set-up time 125 ns Figure 2
Hold time 75 ns Figure 2
DATA BUS—READING
ToeL2 125 ns Figure 2, CL=50pF
ToeL« 5 60 ns Figure 2, CL=50pF
OUTPUTS: H@-7, HS, VS, BL, CRYV,
CS-Toew 125 ns Figure 1, CL=20pF
OUTPUTS: R@-3, DR#-5
ToeLs * 750 ns Figure 3, CL=20pF

*R@-3 and DR@-5 may change prior to the falling edge of H sync

Restrictions
1. Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore
the standard WRITE and READ control signals from most microprocessors must be “NORed" externally to present a single
strobe (DS) signal to the device.
2. Ininterlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical
sync occurs precisely between horizontal sync pulses.

245

=
=
=
=
o
wh
7]




General Timing

HORIZONTAL TIMING
— — _STARTOFLINEN START OF LINEN+1 _

1 V// 7777777 777777777770 1
ACTIVE VIDEO=

CHARACTERS PER DATA LINE
HORIZONTAL SYNC DELAY J

(FRONT PORCH)

HORIZONTAL SYNC WIDTH
;"——-———-'—— HORIZONTAL LINE COUNT=H — =i
VERTICAL TIMING

START OF FRAME M OR ODD FIELD

START OF FRAME M+t OR EVEN FIELD
-l

e SCAN LINES PER FRAME i
_I1 V7777777 7777777777777777777777 [ 1 vz
e ] ACTIVE VIDEO=
VERTS:TC:T%TDATAJ DATA ROWS PER FRAME VERTICAL SYNC
=3H

Composite Sync Timing

oy | I | R N

FI

Vo ca—H/ 2

—
COMPOSITE I l
SYNC
Voo

Vertical Sync Timing

. FRAME M + M+ LY
SCAN COUNTER IS HELD .

DAT, ! H - RESET DURING V BLANK i
SCANsaowwalsre‘slsvs ORERBRERERERERERERE
COUNTER-RO
N=9 0 2 4 6 8 0 2 4 6 8 L] o | o 2 4 6 8 a 2 a 6 8

i
| i
DATA ROW COUNTER
MAINTAINS LAST COUNT.
DURING V BLANK ‘
DATA ROW -
COUNTER—DR_OL‘____v s ( BB
h=2s F " Q
ﬁ ; {VEHYICAL DATA START SCAN = (REG 5)

VERTICAL 3+
SYNC

EXAMPLE BASED ON' Non-inferiaced (Reg 1. Bit 7 = 0}. 24 0atarows 10scans- oata row

Start-up, CRT 5027

When employing microprocessor controlled loading of the CRT 5027’s registers, the following se-
quence of instructions is necessary:

ADDRESS COMMAND
1 1 1 0 Start Timing Chain
1 0 1 0 Reset
6 ¢ 0 0 Load Register 0
o i 1 0 Load Register 6
1 1 1 Start Timing Chain

o
The sequence of START RESET LOAD START is necessary io insure proper initialization of the
registers.

This sequence is not required if register loading is via either of the Self Load modes. This sequence
is optionat with the CRT 5037 or CRT 5057.

smNmRD MlQQOSYSTEMs * Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-

CORPORATION 4 -

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
e assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
21498 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
We keep ahead of our competition s you can keep ahead of yours,  at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
=

CRT 5047

JLPC FAMILY

Preprogrammed CRT Video Timer and Controller
VTAC®

FEATURES

[ Preprogrammed (Mask-Programmed) Display Format

80 Characters Per Data Row
24 Data Rows Per Frame
9 Scan Lines Per Data Row

[ Preprogrammed Monitor Sync Format
262 Scan Lines Per Frame
6 Character Times for Horizontal Front Porch
8 Character Times for Horizontal Sync Width
6 Character Times for Horizontal Back Porch
16 Scan Lines for Vertical Front Porch
3 Scan Lines for Vertical Sync Width
27 Scan Lines for Vertical Back Porch
Non-Interlace
15.720KHz Horizontal Scan Rate
60Hz Frame Refresh Rate

O Fixed Character Rate

1.572MHz Character Rate (636.13ns/Character)

11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot
Wide Character Block

[J Character Format
5 X 7 Character.in a 7 X 9 Block

[0 Compatible with CRT 8002B-003 VDAC™
[0 Compatible with CRT 7004B-003

PIN CONFIGURATION

\J
A2 1 w0 A
a3 (] 2 39 [J A0
cs 3 38 [1 Ho
R34 370 H1
R [ 5 36 [] H2
GND (] 6 35[] H3
R1 [ 7 34[] H4
rRe (] 8 33[] Hs
s Qo 321 He
csyN (J 10 31 [J H7/DRs

vsYN Q11 30 [J DR4
pce 12 29 [] OR3
voo []13 28 [] DR2
Vee [14 27 [J DR1
HSYN (] 15 26 [] DRo
crv (J16 25 [] 08B0
BL (17 24 [] DB1
pe? []18 23 [] DB2
p8s []19 22 [] DB3
pBs (20 21 E DB4

PACKAGE: 40-pin D.I.P.

[0 May be mask-programmed with other display formats

GENERAL DESCRIPTION

The two chip combination of SMC’s CRT 5047 and
CRT 8002B-003 effectively provide all of the video elec-
tronics for a CRT terminal. This chip set along with a
uC form the basis for a minimum chip count CRT
terminal.

The CRT 5047 Video Timer and Controller is a special
version of the CRT 5037 VTAC® which has been ROM-
programmed with a fixed format. It is especially effective
for low-cost CRT terminals using an 80 X 24 display
format with a 5 X 7 character matrix. The use of a fixed
ROM program in the CRT 5047 eliminates the software
overhead normally required to specify the display
parameters and simplifies terminal software design.

The Cursor Character Address Register and the Cursor
Row Address Register are the only two registers acces-

sible by the processor. The CRT 5047 is easily initialized
by the following sequence of commands:

Reset Load Control Register 6 Start Timing Chain

The parameters of the CRT 5047 have been selected to
be compatible with most CRT monitors. The horizontal
timing is programmed so that when the two character
skew delay of the CRT 8002 VDAC™ is taken into account,
the effective timing is: Horizontal Front Porch—four
characters, and Horizontal Back Porch—eight characters.

Figure 1 shows the contents of the internal CRT 5047
registers. Other mask-programmed versions of the CRT
5037 are available. Consult SMC for more information.
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VTAC® WORK SHEET

5

35 Marcus Bivd. Haugauge Y 11788
(516)273-3100 TWX-510-227-8898
‘We keep ahead o our competition S0 you can keep ahead of yours.
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1. H CHARACTER MATRIX (No. of Dots): . 2 11. TOTAL VERTICAL FRAME (Add steps 262
2.V CHARACTER MATRIX 7 thru 10 = No. in Horiz. Scan Lines): ... <2<
(No. of Horiz. Scan Lines): ............ _7_ 12. HORIZONTAL SCAN LINE RATE 15.720
3. H CHARACTER BLOCK (Step 1 + 7 (Step 5 x Step 11 = Freq. in KHz): ...... it
Desired Horiz. Spacing = No. in Dots): .. ____ 13. DESIRED NO. OF CHARACTERS 80
4.V CHARACTER BLOCK (Step 2 + PERHORIZ. ROW: ... ... ..ot —_—
Desired Vertical Spacing = No. in 9 14. HORIZ. SYNC DELAY (No. in Character
Horiz. Scan Lines): ........vvvveeininns 9 Time Units; T =3817 ys*+y: ... .. .... _6
5. VERTICAL FRAME (REFRESH) RATE 60 15. HORIZ. SYNC (No. in Character Time
(Freg. in Hz): «ovviiiei i, v Units; T =5:090 ys™): ................. _8
6. DESIRED NO. OF DATA ROWS: ........ _24 1s. HORIZ. SCAN DELAY (No. in Character 6
7. TOTAL NO. OF ACTIVE “VIDEO Time Units; T=3.817 ys**): ........... _5
DISPLAY” SCAN LINES (Step 4 x 216 17. TOTAL CHARACTER TIME UNITS IN (1)
Step 6 = No. in Horiz. Scan Lines): ..... Bakhalt HORIZ. SCAN LINE (Add Steps 13 100
8. VERT. SYNC DELAY (No. in Horiz. 16 thru 16): ... e L
Scan Lines): ..ottt 2 18. CHARACTER RATE (Step 12 x Step 17 1572
9. VERT. SYNC (No. in Horiz. Scan Lines; 3 =Freq. inMHz): ......... ... e
T=1908 ys*): ..o —=_ 19.CLOCK (DOT) RATE (Step 3 x Step 18,
. 10. VERT. SCAN DELAY (No. in Horiz. 27 =Freq.inMHz): ...l —=
¥ Scan Lines; T=1718 ms*): ............ <! *Vertical Interval  **Horizontal Interval
ADDRESS
REG. # A3 A0 FUNCTION BIT ASSIGNMENT HEX. DEC.
0 0000 HORIZ. LINE COUNT _100 [o[1[1]ofofoj1[1] 63 99
1 0001 INTERLACE _0_8
H SYNC WIDTH
H SYNC DELAY [o[1]ofofo]1[1]0] 46 70
2 0010 SCANS/DATA Row __9
CHARACTERS/ROW __80 [x]1][oJoJof1]o]1] 45 e
3 0011 SKEW CHARACTERS __0,0
DATA ROWS LofoJof1]o[1]1]1] 17 23
4 0100 SCANS/FRAME __262
xoog [o]ofo[ofo[o]]1] 03 _o3
5 0101 VERTICAL DATA START
=3 + VERTICAL SCAN DELAY:
SCAN DELAY __</
DATA START [ofofo[11]1]1]0] 1€ 30
6” 0110 LAST DISPLAYED DATA{ROW ix [ X‘ T T 1T T 1
(= DATA ROWS) [ T N SN TN S A —
*Register 6 has an initialization option. It is loaded with the data containedin Register 3 by a “Load Register 6” command.
The “Up Scroll” command can be used to effect scrolling operations.
Figure 1: CRT 5047 Mask Programmed Registers
SUANDARD MICROSYSTEMS ot oatt iy Cororre iomaien st o corstucion bupeats & not neccmaty o 17
information has been carefully checked and is believed to be entirely reliable. However; no responsibility is

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.




STANDARD MICROSYSTEMS
=

Graphics Display Controller

FEATURES
[ Microprocesser Interface
DMA transfers with 8257- or 8237-type controllers
FIFO Command Buffering
[ Display Memory Interface
Up to 256K words of 16 bits
Read-Modify-Write (RMW) Display Memory cycles in
under 800ns
Dynamic RAM refresh cycles for nonaccessed memory
(1 Light Pen Input
[0 External video synchronization mode
O Graphics Mode
Four megabit, bit-mapped display memory
[ Character Mode
8K character code and attributes display memory
[ Mixed Graphics and Character Mode
64K if all characters
1 megapixel if all graphics
[ Graphics Capabilities
Figure drawing of lines, arc/circles, rectangles, and
graphics characters in 800ns per pixel
Display 1024-by-1024 pixels with 4 planes of color
or grayscale
Two independently scrollable areas
[0 Character Capabilities
Auto cursor advance
Four independently scrollable areas
Programmable cursor height
Characters per row: up to 256
Character rows per screen: up to 100

CRT 7220
CRT 7220-1
CRT 7220-2

PIN CONFIGURATION
2XWCLK 1] 40 Voo
DBIN 2(] 39 A17
HSYNC 3[] 38 A16
VIEXTSYNC 4[] 37 AD15
BLANK 5(] 36 AD14
ALE 6(] 35 AD13
DRQ 70 34 AD12
DACK 8(] 33 AD11
RD 9(] 32 AD10
WR 10 31 AD9
A0 11 30 AD8
DBO 12[] 29 AD7
pB1 13[] 28 AD6
DB2 14(] 27 AD5
DB3 15(] 26 AD4
DB4 16(] J25 AD3
DB5 17(] 724 AD2
DB6 18(] 23 AD1
DB7 19(] 22 ADO
GND 20(] 21 LPEN
PACKAGE: 40-pin D.L.P.

{1 Video Display Format
Zoom magnification factors of 1 to 16
Panning
Command-settable video raster parameters
[ Technology
[ Single + 5 volt Power Supply
[0 COPLAMOS® n-Channel Silicon Gate Technology
(1 DMA Capability
Bytes or word transfers
4 clock periods per byte transferred

GENERAL DESCRIPTION

The CRT 7220 Graphics Display Controller (GDC) is an
intelligent microprocessor peripheral designed to be the
heart of a high-performance raster-scan computer graph-
ics and character display system. Positioned between the
video display memory and the microprocessor bus, the GDC
performs the tasks needed to generate the raster display
and manage the display memory. Processor software over-
head is minimized by the GDC’s sophisticated instruction
set, graphics figure drawing, and DMA transfer capabilities.
The display memory supported by the GDC can be config-
ured in any number of formats and sizes up to 256K 16-bit
words. The display can be zoomed and panned, while par-
titioned screen areas can be independently scrolled. With
its light pen input and multiple controller capability, the GDC
is ideal for advanced computer graphics applications.

The GDC is designed to work with a general purpose micro-
processor to implement a high-performance computer
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graphics system. Through the division of labor established
by the GDC’s design, each of the system components is
used to the maximum extent through a six-level hierarchy
of simultaneous tasks. At the lowest level, the GDC gen-
erates the basic video raster timing, including sync and
blanking signals. Partitioned areas on the screen and
zooming are also accomplished at this level. At the next level,
video display memory is modified during the figure draw-
ing operations and data moves. Third, display memory
addresses are calculated pixel by pixel as drawing pro-
gresses. Outside the GDC at the nextlevel, preliminary cal-
culations are done to prepare drawing parameters. At the
fifth level, the picture must be represented as a list of graph-
ics figures drawable by the GDC. Finally, this representa-
tion must be manipulated, stored, and communicated. By
handling the first three levels, the GDC takes care of the
high-speed and repetitive tasks required to implement a
graphics system.
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STANDARD MICROSYSTEMS
CORPORATION

CRT 9007

MPC FAMILY

CRT Video Processor and Controllei?
VPAC™

FEATURES

[ Fully Programmabile Display Format
Characters per Data Row (8-240)
Data Rows per Frame (2-256)
Raster Scans per Data Row (1-32)
[ Programmable Monitor Sync Format
Raster Scans/Frame (4-2048)
Front Porch— Horizontal (Negative or Positive)
—Vertical
Sync Width—Horizontal (1-128 Character Times)
— Vertical (2-256 Scan Lines)
Back Porch—Horizontal
— Vertical
O Direct Outputs to CRT Monitor
Horizontal Sync
Vertical Sync
Composite Sync
Composite Blanking
Cursor Coincidence
(0 Binary Addressing of Video Memory
[J Row-Table Driven or Sequential Video Addressing Modes
[0 Programmable Status Row Position and Address Registers
[ Bidirectional Partial or Full Page Smooth Scroil
O Attribute Assemble Mode
[ Double Height Data Row Mode
O Double Width Data Row Mode
{0 Programmable DMA Burst Mode
[0 Configurable with a Variety of Memory Contention
Arrangements
[ Light Pen Register
[ Cursor Horizontal and Vertical Position Registers
[J Maskable Processor Interrupt Line
[ Internal Status Register
O Three-state Video Memory Address Bus
{J Partial or Full Page Blank Capability
{1 Two Interlace Modes: Enhanced Video and Alternate
ScanLine

PIN CONFIGURATION

VA2 1 [] 40GND
VA10 2 [ 39VAg
VA3 3 [ 38vA1
VA11 4 [ 37VvAs
VA125 1 36 vAD
VA4 6 [] 35 CBLANK
VA137 ] 34CURS
VA5 8 [ 33ACKTSC
VA6 9 N 32TSYNCAPSTB
VA7 10 D 31SLD/SLO
VLT 11 [J 303[G/sL1
V512 0 29 WBEN/SL2/TSYNC
HS 13 [J 28 DMAR/SL3/VBLANK
CCLK 14 D 27INT
DRB 15 1 26 RST
VD7 16 D 25T3
VD6 17 0 24vDo
VD518 0 23vD1
VD419 0 22vD2
VD320 ] 21 +5v
PA 20-pin DIP

0 Ability to Delay Cursor and Blanking with respect to
Active Video

[ Programmable for Horizontal Split Screen Applications

(] Graphics Compatible i

[ Ability to Externally Sync each Raster Line, each Field

[ Single +5 Volt Power Supply .

O TTL Compatible on All Inputs and Outputs

[ VT-100 Compatible

[0 RS-170 Interlaced Composite Sync Available

GENERAL DESCRIPTION

The CRT 9007 VPAC™ is a next generation video processor/
controller—an MOS LS| integrated circuit which supports either
sequential or row-table driven memory addressing modes. As
indicated by the features above, the VPAC™ provides the user
with a wide range of programmable features permitting low cost
implementation of high performance CRT systems. Its 14 address
lines can directly address up to 16K of video memory. This is
equivalent to eight pages of an 80 character by 24 line CRT dis-
play. Smooth or jump scroll operations may be performed any-
where within the addressable memory. In addition, status rows
can be defined anywhere on the screen.

In the sequential video addressing mode, a Table Start Register
points to the address of the first character of the first data row on
the screen. It can be easily changed to produce a scrolling effect
on the screen. By using this register in conjunction with two aux-
iliary address registers and two sequential break registers, a screen
roll can be produced with a stable status row held at either the first
or last data row position.

251

In the row-table driven video addressing mode, each row in the
video display is designated by its own address. This provides the
user with greater flexibility than sequential addressing since the
rows of characters are linked by pointers instead of residing in
sequential memory locations. Operations such as data row
insertion, deletion, and replication are easil%'r?coomplishegi b
manipulating pointers instead of entire lines. The row table itself
can be stored in memory in a linked list or in a contiguous format.
The VPAC™ works with a variety of memory contention schemes
including operation with a Single Row Buffer such as the CRT 9006,
a Double Row Buffer such as the CRT 9212, or no buffer at all, in
which case character addresses are output during each display-
able scan line.

User accessable internal registers provide such features as light
pen, interrupt enabling, cursor addressing, and VPAC™ status.
Ten of these registers are used for screen formatting with the abi-
lity to define over 200 characters per data row and up to 256 data
rows per frame. These 10 registers contain the “vital screen
parameters”.
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FIGURE 1: CRT 9007 BLOCK DIAGRAM

PROCESSOR INTERFACE:

DESCRIPTION OF PIN FUNCTIONS

PINNO.

NAME

SYMBOL FUNCTION

7,
3

5,4,2 39,
7,10,9, 8,
3,1,38,36

9,
6,

Video Address
13-0

VA13-VAO These 14 signals are the binary address presented to the video memory by the CRT 9007.
The function depends on the particular CRT 9007 mode of operation. VA13-6 are outputs
only. VA5-0 are bidirectional.
—Double Row Buffer Configuration: .
VA13-0 are active outputs for the DMA operations and are in their high impedance state at
all other times.
—Single Row Buffer Configuration:
VA13-0 are active outputs during the first scan line of each data row and are in their high
impedance state at all other times.
—Repetitive Memory Addressing Configuration:
VA13-0 are active outputs at all times except during horizontal and vertical retrace at which
time they are in their high impedance state.
If row table addressing is used for either single row buffer or repetitive memory addressing
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to
allow the CRT 9007 o retrieve the row table address. For processor read/write operations
VAS5-0 are inputs that select the appropriate internal register.

1

o
-

S
N

2,23,24

7,18, 19,

Video Data 7-0

VD7-VDO Bidirectional video data bus: during processor Read/write operations data is transferred via

VD7-VDO when chip strobe (CS) is active. These lines are in their high impedance state
when CS is inactive. During CRT 9007 DMA operations, data from video memory is input via
VD7-VDO0 when a new row table address is bean% retrieved or when the attribute latch is being
updated in the attribute assembie mode. VD7-VDO are outputs when the external row buffer
is updated with a new atfribuie in the attribute assemble mode.

25

Chip strobe

Input; this signal when active low, allows the processor to read or write internal CRT 9007
regisiers. Whnen reading from an internai CRT 9007 register, the chip sirobe (CS) enabies ine
output drivers. When wrmng to an internal CRT 9007 register, the trailing edge of this signal
latches the incoming data. Figure 2 shows all processor read/write timing.

26

Reset

Input; this active low signal puts the CRT 9007 into a known, inactive state and insures

that the horizontal sync (HS) output is inactive. Activating this input has the same effectas a
RESET command. After initialization, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers section, Register 16 for the reset state definition.

27

Interrupt

Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active
high. The interrupt returns 1o its inactive low state when the status register is read.
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CRTINTERFACE:

DESCRIPTION OF PIN FUNCTIONS CONT’'D

PINNO. -

NAME

SYMBOL

FUNCTION

11

Visible Line Time

VLT

Output; this signal is active high during all visibie scan lines and during the horizontal trace
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when
supplying data to a character generator from a single or double row buffer.

12

Vertical Sync

Vs

Open drain output; this signal determines the vertical position of displayed text by initiating a
vertical retrace. Its position and pulse width are user programmable. The open drain allows
the vertical frame rate to be synchronized to the line frequency when using monitors with DC
coupled vertical amplifiers. if the VS output is pulled active low extemally before the CRT
9007 itself initiates a vertical sync, the CRT 9007 will start its own vertical sync at the next
leading edge of horizontal sync (HS).

13

Horizontal Sync

Open drain output; this signal determines the horizontal position of displaged text by initiating
a horizontal retrace. Its position and pulse width are user programmable. During hardware
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate
to be synchronized to an external source. If the HS output is pulled low externally before the
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on
the next character clock (CCLK).

14

Character Clock

Input; this signal defines the character rate of the screen and is used by the CRT 9007 for
all internal timing. A minimum high voltage of 4.3V must be maintained for proper
chip operation. o

15

Data Row
Boundary

Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing
edge) at the top scan line of each new data row. This signal can be used to swap buffers in
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT
9007 outputs addresses (VA13-VAQ) for single row buffer operation. There will always

be one extra DRB signal which will become active during the first scan line of the vertical
refrace interval. . .

Cursor

CURS

Output; this signal marks the cursor position on the screen as specified by the horizontal and
vertical cursor registers. The signal is active for one character fime at the particular character
position {or all scan lines within the data row. For double height or width characters, this sig-
nalis active for 2 consecutive CCLK's in every scan line within the data row. For double
height characters, this signal can be programmed to be active at the proper position for 2
consecutive data rows.

CURS is also used to signal either a double height or double width data row by becoming
active during the horizontal retrace (CBLANK active) prior to a double height or double width
scan line. The time of activation and deactivation is a function of the addressing mode, buffer
configuration and the scan line number. See section of Double height/width for details.

35

Composite Blank

CBLANK

Output. This signal when active high, indicates that a retrace (either horizontal or vertical) will
be performed. The signal remains active for the entire retrace interval as programmed. itis
used to blank the video to a CRT.

USER SELECTABLE PINS: (see Tables 4 and 5)

PIN NO. NAME SYMBOL FUNCTION
28, 29,30, 31 | Scan Line 3- SL3-5L0 Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate

. Scan Line 0 | to the character generator the current scan line. These signals continue to be updated
during the vertical retrace interval. SL3 and SLO are the most and least significant
bits respectively.

28 Direct Memory DMAR Output; this signal is the DMA request issued by the CRT 9007. It will only become active if

Access Request the acknowledge (ACK) input is inactive. It remains active high throughout the entire

DMA operation.

28 Vertical Blank VBLANK Output; this signal is active high only during the vertical retrace pgriod.

29 Write Buffer WBEN Output; this active high signal is used to gate the clock feeding the write buffer in a double

Enable row buffer configuration.
290r32 Composite Sync CSYNC Output; this signal provides a true RS-170 composite sync waveform with equalization pulses

and vertical serrations in both interlace and noninterlace-formats. Figure 3 illustrates the
CSYNC output in both interlaced and noninterlaced formats.

30 Scan Line Gate SLG Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK’s
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into
an external shift register. .

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan line
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK's
framed by SLG. With this form of scan line representation, it is possible to define up to 32
scan lines per data row.
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs
in interlace or double height character mode to allow the scan line count to be adjusted to its
proper value. Figures 4 and 5 illustrate the serial scan line timing.

32 Light Pen Strobe LPSTB Input; this signal strobes the current row/column position into the light pen register at its posi-
tive transition. i

33 Acknowledge ACK Input; this active high signal acknowledges a DMA request. It indicates that the processor
bus has entered its high impedance state and the CRT 9007 may access video memory. Itis
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT
9007 will not shut down in a predictable amount of time.

33 &ree |State TSC Input; this signal, when active low, places VA13-VA® in their high impedance state.

ntrol
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OPERATION MODES

Single Row Buffer Operation

The CRT 9007 configured with a CRT 9006 Single Row
Buffer is shown in figure 6. The use of the CRT 9006 Single
Row Buffer requires that the buffer be loaded at the video
painting rate during the top scan line of each data row. How-
ever, a?ter the CRT 9006 is loaded, the CRT 9007 address
lines enter their high impedance state for the remaining N-
1 scan lines of the data row, thereby permitting full proces-

sor access to memory during these scan lines. The per-
centage of total memory cycles available to the processor
is approximately [(N-1)/N] x 100 where N is the total num-
ber of scan lines per data row. For a typical system with 12
scan lines per data row this percentage is 92%. Figure 7
illustrates typical timing for the CRT 9007 used with the CRT
9006 Single Row Buffer.

PROCESSOR
uP/uC

TSC RST +5V GND INT
5
CRT 9007 B ™
MEMORY VPAC C BLANK f—y Q
RAM - t
VIDEO RAM S A
T SL3 SL2 SLISL®  CURS TTIR R
] T I
Al
T
tA CLOCK
5. {GENERATOR
; !
WREN GLRONTCKEN CLK ®3 R2 A1 AB CURSOR VGYNC RETBL
DOUT- 8 ATTRIBUTES Lo/sA
CAT 9008 CRT 8002
SINGLE VDAC™ voe
ROW BUFFER
oo B e AVETERTORT .
VIDEQ | 1O
FIGURE 6: CRT 9007 CONFIGURATION WITH SINGLE ROW BUFFER
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FIGURE 7: CRT 9007 SINGLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW)
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| Double Row Buffer Operation

Figure 8 shows the CRT 9007 used in conjunction with a
CRT 9212 Double Row Buffer. The Double Row Buffer has
a read buffer which is read at the painting rate of the CRT
during each scan line in the data row. While the read buffer
is being read and supplying data to the character generator
for the current displayed data row, the write buffer is being
loaded with the next data row to be displayed. This
arrangement allows for relaxed write timing to the write buffer
as it may be filled in the time it takes for N scan lines on the
CRT to be painted where N is the number of scan lines per
data row. Used in this configuration, the CRT 9007 takes
advantage of the relaxed write buffer timing by stealing
memory cycles from the processor to fill the write buffer
(Direct memory access operation). The CRT 9007 sends
the DMAR (DMA request) signal, awaits an ACK (acknowl-
edge) signal and then drives out on VA13-VAQ the address
at which the next video data resides. The CRT 9007 then
activates the WBEN (write buffer enable) signal to write the
data into the buffer. If for example there are 80 characters
per data row, the CRT 9007 performs 80 DMA operations.
The user has the ability to program the number of DMA cycles
performed during each DMAR-ACK sequence, as well as

the delay between each DMAR-ACK sequence, via the DMA
CONTROL REGISTER (RA). If 8 DMA operations are
performed for each ACK received, 10 such DMAR-ACK
sequences must be performed to completely fill the write
buffer. The programmed defay allows the user to evenly
distribute the DMA operations so as not to hold up the pro-
cessor for an excessive length of time. This feature also
permits other DMA devices to be used and allows the pro-
cessor to respond to real time events. In addition, the user
has the ability to disable the CRT 9007 DMA mechanism.
Figure 9 illustrates typical timing for the CRT 9007 used with
the CRT 9212 Double Row Buffer.

Since the CRT 9212 Double Row Buffer has separate inputs
for read and write clocks (RCLK, WCLK), it is possible to
display proportional character widths (variable number of
dots per character) by reading out the buffer at a character
clock rate determined by the particular character. The writ-
ing of the buffer can be clocked from a different and con-
stant character clock. Figure 10 illustrates the CRT 9007
used with two double row buffers and a CRT 9021 Video
Q.ttri‘butes Controller chip to provide proportional character
isplay.
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Repetitive Memory Addressing Operation

In this operation mode, the CRT 9007 will repeat the
sequence of video addresses for every scan line of every
data row. The CRT 9007 address bus will enter its high
impedance state during all horizontal retrace intervals
(except the retrace interval at a data row boundary if the
CRT 9007 is configured in a row driven addressing mode).
This arrangement allows for such low end contention
schemes as retrace intervention (the processor is only
allowed access to video memory during retrace intervals)

and processor priority (the processor has an unlimited
access to video memory). A high end contention scheme
can be employed which uses a double speed memory such
that in a single character period both the processor and the
CRT 9007 are permitted access to video memory at pre-
determined time slots. Figure 11 illustrates the CRT 9007
configured with a double speed memory. Typical timing for
this mode is illustrated in figure 12.
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Attribute Assemble Operation

This configuration allows the user to retain an 8 bit wide video
memory in which attributes occupy memory locations but
not positions on the CRT. This mode assumes that every
other display position in video memory contains an attri-
bute. During one clock cycle, attribute data is latched into
the CRT 9007 ; during the next clock cycle a character ioca-
tion is addressed. The attribute data is driven out along with
a WBEN signal allowing the character plus its associated
attribute to be written simultaneously to two 8 bit double row
buffers. Figure 13illustrates the memory organization used
for the Attribute Assemble mode. The first entry in each data
row must begin with an attribute.

Figure 14 shows the CRT 9007 configured in the Attribute
Assemble mode used with two CRT 9212 Double Row
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it
retains an 8 bit wide memory while providing all the advan-
tages of a 16 bit wide memory, lends itself to some cost
effective designs using dynamic RAMS. The CRT 9007 will
refresh dynamic RAMS because twice the number of the
programmed characters per data row are accessed
sequentially for each data row.* Figure 15 illustrates typical
timing of the CRT 9007 used in the Attribute Assemble mode.

Memory Address (typ) ~ Memory Data (8 bits)

aDoo Attribute 0
0Do1 Character 0
0D02 . Attribute 1
0D03 Character 1
0 0
0 0
0 0
2N Attribute N
2N+1 Character N

Figure 13: Attribute Assemble Memory Organization

*Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the
CRT 9007 can be programmed with about 5 more “dummy” data rows while extending the vertical blank signal. This allows
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are
accessed each data row and dynamic RAM refresh might fail.
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Smooth Scroll Operation

Smooth scroll requires that all or a portion of the screen move
up or down anintegral number of scan lines atatime. 2 user
programmable registers allow one to define the “start data
row” and the “end data row” for the smooth scroll opera-
tion. A SMOOTH SCROLL OFFSET REGISTER (R17),
when used in conjunction with a CRT 9007 vertically timed
interrupt, allows the user to synchronize the update of the
offset register to the vertical frame rate. The offset register
causes the scan line counter outputs of the CRT 9007 to
start at the programmed offset value rather than zero for

the data row that starts the smooth scroll interval. To aliow
complete flexibility in smooth scroll direction and rate, one
can update the offset register in the positive as well as neg-
ative direction and can also offset any number of scan lines
each frame. Since a smooth scroll can momentarily resutt
in a partial data row consisting of one scan line, the loading
of the write buffer under DMA operations for the start and
end data row of the smooth scroll operation is forced to occur
in one scan line. This condition overrides the programma-
ble DMA CONTROL REGISTER (RA).
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FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW)
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ADDRESSING MODES

Row Table Addressing

In this addressing mode, each data row in video memory is
designated by its own starting address. This provides greater
flexibility with respect to screen operations than with other
addressing schemes used by previous CRT controllers. The
row table, which is a list of starting addresses for each data
row, can be configured in one of 2 ways. The choice of row
table format is highly dependent upon the particular appli-
cation and the programmer’s preference since each format
allows full utilization of the CRT 9007 features.

Contiguous Row Table Format

In this format, the TABLE START REGISTER (RC and RD)
points to the address where the row table begins. The con-
tents of the first 2 locations define the starting address of
the first data row. These 2 bytes define a 14 bit address where
the first byte is the low order 8 bits and the second byte is
the high order 6 bits. The 2 most significant bits of the sec-
ond byte define double height/width characteristics to the
current data row. The contents of the third and fourth loca-
tions define the address where the second data row begins.
Figure 16 illustrates the contiguous row table organization
in video memory.

Linked List Row Table Format

In this format the TABLE START REGISTER (RC and RD)
points to the memory location which starts the entire
addressing sequence into operation. The first byte read is
the lower 8 bits and the second byte read is the upper 6 bits
of the next data row’s start address. The 2 most significant
bits of the second byte define double height/width charac-
teristics for the data row about to be read. The third, fourth,
fifth, etc., bytes read are the first, second, third, etc., char-
acters of the current data row. Figure 17 illustrates the linked
list row table organization in video memory.
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FIGURE 16:

CONTIGUOUS ROW TABLE ADDRESS FORMAT

Table Start Register

Row tabie address for second data row

—— A

L— | Byte1]Byte2 [ Byte3 [ Byte4 | 000 [ByteN]

—N—

J

Row table address for third data row

'
characters for first data row

L [Byte 1 [Byte2 | Byte 3 [ Byte 4| 000 [Byten]

J

I B

+——————— etc.

characters for second data row

FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT

Y

Sequential Addressing’

in this addressing mode, characters on the display screen
are located in successive memory locations. The TABLE
START REGISTER (RC and RD) points to the address of
the first character of the first data row on the screen. In this
mode the TABLE START REGISTER does not point to the
start of a table but the start of the screen. As each character

is read by the CRT 9007 for display refresh, the intemal video
address register is incremented by one 1o access ihe next
character.

For more versatile systems operation in the sequential
addressing mode, SEQUENTIAL BREAK REGISTER 1
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may
be used to define the data rows at which two additional

'SEQUENTIAL BREAK 2 is not functional in the repetitive memory addressing mode. Itis fully functional in all other operation modes.
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sequential display areas begin. Note that DATA ROW END
REGISTER (R12) is defined as SEQUENTIAL BREAK
REGISTER 2 (R12) for the sequential addressing mode only.
The starting addresses for these two additional display areas
are defined by AUXILIARY ADDRESS REGISTER 1 (RE
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and
R14). When the raster begins painting a data row equal to
the number programmed in one of the sequential break
registers, the CRT 9007 addresses the video memory
sequentially starting with the address specified by the cor-
responding auxiliary address register. Figure 18 illustrates
a display with 80 characters per data row having sequential
breaks at data rows 3 and 6.

Using the sequential addressing mode with 2 breaks, it is
possible to roll a portion of the screen and keep the rest of
the screen stable. Double height/width characteristics can
be attached to the 2 sequentially addressed screens defined
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the
2 most significant bits of AUXILIARY ADDRESS REGIS-
TERS 1 and 2. See the description of these 2 registers for
their bit definition.

TABLE START REGISTER = 1000
AUXILIARY ADDRESS REGISTER 1 = 2000
AUXILIARY ADDRESS REGISTER 2 = 0800
SEQUENTIAL BREAK REGISTER 1 = 3
SEQUENTIAL BREAK REGISTER 2 = 6
Data Row Address range
0 1000 to 104 F
1 1050 to 109F
2 10AQ to 10EF
3 2000 to 204F (Break 1)
4 2050 to 209F
5 20A0 to 20EF
6 0800 to 084F  (Break 2)
7 0850 to 089F
8 08AQ to 08EF
o
o]
o
Figure 18: Seauential Addressing Example
ith Two Breaks 9 vp

Double Height/Width Operation

When double height/width characters (2XH/2XW) are dis-
played, the following will occur:

1. the CRT 9007 will address half as many characters for
each data row by incrementing its address every other
character clock.

2. the high speed video shift register supplying serial video
to the CRT must shift out dots at half frequency.

3. For double height, the scan line counter outputs (SL3-
SLO or SLG, SLD) are incremented every other scan
line.

The CRT 9007 is informed of the double height or double
width display modes via the 2 most significant bits of the
row table address or the 2 most significant bits of the AUX-
ILIARY ADDRESS registers depending on the selected
addressing mode. In any case, once the information is
obtained by the CRT 9007, it must initiate the 3 tasks listed
above. Tasks 1 and 3 are performed as appropriate and task
2is performed using the CURS output of the CRT 9007 dur-
ing CBLANK (horizontal retrace) to signal the external logic
that a change in the dot shift frequency is required. The exact
time of activation and deactivation of the CURS signal dur-
ing horizontal retrace is a function of addressing mode,
operation mode and actual scan line number to be painted.
Tables 1 and 2 show the cursor activation and deactivation
times as a function of the buffer configuration and address-
ing mode for the top scan line of a new data row. Tables 1
and 2 assume a cursor skew of zero. A cursor skew will effect
the cursor position during trace as well as retrace time. For
all subsequent scan lines, the CURS signal is activated 3
CCLK'’s after VLT trailing edge and stays active for exactly
1 CCLK assuming no cursor skew. When the cursor is placed
on a double height or double width data row, it will become
active for 2 CCLK's to allow the cursor to be displayed as
double width. If the cursor position is programmed to reside

in the top half of a double height data row, it may become
active for all scan lines in both the current and next data row
to allow the cursor to be displayed as double height.

For row driven addressing, a particular data row or pair of
data rows can appear in one of the following ways as a
function of the two most significant bits of the row table
address (bits 15 and 14).

—Single height, single width (Row table address bits 15,
14 = 00). The CRT 9007 will display the particular data
row as single height, single width.

—Single height, double width (Row table address bits 15,
14 = 01). The CRT 9007 will display the particular data
row as single height double width by accessing half as
many characters as appear in a single width data row.
The CURS signal becomes active during horizontal
retrace in the manner described previously. -

—Doubie height, double width top half (Row table address
bits 15, 14 = 10). In addition to providing the special tim-
ing associated with single height double width data rows,
the scan line counter is started from zero-and incre-
mented every other scan line until N scan lines are painted
(Nis the number of scan lines per single height data row).
In this way, new dot information appears every other scan
line and the top half of the data row appears in N scan
lines.

—Double Height, Double Width Bottom Half (Row table
address bits 15, 14 = 11)—Same as Double Height,
Double Width Top except the scan line counter is started
from N/2 (or (N-1)/2 if N is odd), and incremented every
other scan line until N scan lines are painted. In single
row buffer operation, a double height bottom data row
can only stand alone during a smooth scroll operation;
otherwise it is assumed to follow a double height top
data row.

OPERATION i A.DDREISSING MODE OPERATION . ADDRESSING MODE
MODE Row Driven (linked list MODE Row driven (linked list

or contiguous) Sequential or contiguous) ~__Sequential
Repetitive Memory |1 CCLK after high byte |1 CCLK after TSC Repetitive Memory |at the leading edge of |at the teading edge of
Addressing of row table read leading edge Addressing VLT VLT

1 CCLK after high byte |1 CCLK after TSC at the leading edge of | at the leading edge of
Single row buffer  |of row table read leading edge Single row buffer VLT VLT

1 CCLK after high byte |1 CCLK after ACK 1 CCLK after leading {1 CCLK after leading
Double row buffer  |of row table read leading edge Double row buffer |{edge of CURS edge of CURS

Table 1: Double Height/Width CURS activation for top scan
line of new data row.

Table 2: Double Height/Width CURS deactivation for top scan
line of new data row.
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PROCESSOR ADDRESSABLE REGISTERS

All CRT 9007 registers are selected by specifying the
address on VA5-0 and asserting CS. All 14 bitregisters are
written or read as two consecutive 8 bit registers addressed
low byte first. Only the VERTICAL CURSOR REGISTER
and the HORIZONTAL CURSOR REGISTER are read/write
registers with 2 different addresses for read or write oper-
ations. The register address assigned to each register rep-
resents the actual address in hexadecimal form that must
appear on VA5-0. Figure 2 illustrates all processor to CRT
9007 register timing. Tables 3a, 3b, and 3¢ summarize all
register bits and provide register addresses.

HORIZONTAL TIMING REGISTERS

The following 4 registers define the horizontal timing
parameters. Figure 19 relates the horizontal timing to these
registers.

CHARACTERS PER HORIZONTAL PERIOD (R0)

This 8 bit write only register, programmed in units of char-
acter times, represents the total number of characters in
the horizontal period (trace plus retrace time). This register
is programmed with the binary number N where N is the
total characters in the horizontal period. The horizontal period
should not be programmed for less than 12 characters.

CHARACTERS PER DATA ROW (R1)
This 8 bit write only register, programmed in units of char-

acter times, represents the number of displayable charac-
ters during the horizontal trace interval. The difference RO
minus R1 represents the number of character times reserved
for horizontal retrace. This register is programmed with the
binary number (N-1) where N is the displayable characters
per data row,

HORIZONTAL DELAY (R2)

This 8 bit write only register, programmed in units of char-
acter times, represents the time between the leading edge
of horizontal sync and leading edge of VLT. This register is
programmed with N where N represents the time of hori-
zontal delay. By programming this time greater than the
horizontal blank interval, one can obtain negative front porch
(horizontal sync begins before the horizontal blank interval).

HORIZONTAL SYNC WIDTH (R3)

This 8 bit write only register defines the horizontal sync width
in units of character times. The start of the sync pulse is
defined by the HORIZONTAL DELAY REGISTER and the
end is independent of the start of the active display time.
This register is programmed with N where N is the horizon-
tal sync width. However this register must be programmed
less than or equal to [(A/2)-1] where A is the programmed
contents of REGISTER 0 rounded to the smallest even
integer.

VERTICAL TIMING REGISTERS

The following 5 registers define the vertical timing param-
eters. Figure 20 relates the vertical timing to these regis-
ters.

VERTICAL SYNC WIDTH (R4)

This 8 bit write only register defines the vertical sync width
in units of horizontal periods. The start of this signal is defined
by the delay register (R5) and the end is independent of
the start of the active display time. This register is pro-
grammed with N where N is the vertical SYNC width.

VERTICAL DELAY (R5)

This 8 bit write only register, programmed in units of hori-
zontal periods, represents the time between the leading edge
of vertical sync and the leading edge of the first VLT after
the vertical retrace interval. This register is programmed with
(N+1) where N represents the time of the vertical delay.

VISIBLE DATA ROWS PER FRAME (R7)

This 8 bit write only register defines the number of data rows -

displayed on the screen. This register is programmed with
(N-1) where N is the number of data rows displayed.

SCAN LINES PER DATA ROW (R8)

The 5 LSBs of this write only register define the number of
scan lines per data row. These 5 bits are programmed with
(N-1) where N is the number of scan lines per data row. When
programming for scan lines per data rongéeater than 16,
only the serial scan line pin option (SLD, )canbe used.

SCAN LINES PER VERTICAL PERIOD (R8; R9)
Registers R9 and the 3 most significant bits of R8 define
the number of scan lines for the entire frame. R8 contains
the 3 most significant bits of the 11 bit programmed value
and R9 contains the 8 least significant bits of the 11 bit pro-
grammed value. The 11 bits are programmed with N where
N is the number of scan lines per frame. In the 2 interlace
modes, the programmed value represents the number of
scan lines per field.

)

<———————ONE SCAN LINE——

R1 l(RO-R1)—
RO >

,<—R2+

HOR. SYNC

—

[<—R3

FIGURE 19: CRT 9007 HORIZONTAL TIMING
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<¢————— ONE COMPLETE FRAME —————|

<—————R7 x RB——

-R9 -

-l

VERT. BLANKING
(NO SKEW)

DATA ROW DISPLAY TIME I

|-<-R5->

VERT. SYNC

<——-R4—-——>l_

FIGURE 20: CRT 9007 VERTICAL TIMING

PIN CONFIGURATION/SKEW BITS REGISTER (R6)

This 8 bit write only register is used to select certain pin
configurations and to skew (delay) the cursor and the blank
signals independently with respect to the video signal sent
to the monitor. The bits take on the following definition:

Bit 7, 6 (Pin Configuration)

These 2 bits, as illustrated in tables 4 and 5, define all pinout
configurations as a function of double row buffer mode and
non double row buffer mode. (The buffer mode is defined
inthe CONTROL REGISTER bits 3, 2, and 1.) The attribute
assemble mode is assumed to be a double row buffer mode
and obeys table 4.

Bits 5, 4, 3 (Cursor skew)

These three bits define the number of character clocks the
cursor signal is skewed (delayed) from the VLT signal. The

VLT signal is active for all characters within a data row and
a non skewed cursor will always become active within the
active VLT time at the designated position. The cursor can
be skewed from 0 to 5 character clocks (Bits 5, 4 and 3 pro-
grammed from 000 to 101, bit 5 is the most significant bit;
bit 3 is the least significant bit). For double height/width data
rows, the cursor signal appearing during horizontal retrace
is also skewed as programmed.

Bits 2, 1, 0 (Blank skew)

These three bits define the number of character clocks the
horizontal blank component of the CBLANK signal is skewed
(delayed) from the VLT signal. The edges of VLT will line up
exactly with the edges of the horizontal component of the
CBLANK signal if no skew is programmed. The CBLANK
can be skewed from 0 to 5 character clocks (Bits 2, 1 and 0
programmed from 000 to 101, bit 2 is the most significant
bit; bit 0 is the least significant bit).

REGISTER R6 BITS CRT 9007 PIN NUMBER REGISTER 6 BITS CRT 9007 PIN NUMBER
7 6 28 29 30 31 32 33 7 6 28 29 80 31 32 33
0 1 DMAR WBEN SLG SLD TSYNGC ACK 0 0 SL3 * SL2 SL1SLO CSYNC T5G
1 1 DMAR WBEN SLIGSLD LPSTB ACK 1 0 SL3  SL2  SL1SLO LPSTB TSC
o o NOT PERMITTED 1 1 | VBLANK TSYNC SLGSLD LPSTB TSC
1 0 NOT PERMITTED 0 1 NOT PERMITTED

Table 4: Pin configuration for double row buffer and attribute
assemble modes.

Table 5: Pin configuration for Single Row Buffer and Repetitive
Memory Addressing Modes.

DMA CONTROL REGISTER (RA)

This 8 bit write only register allows the user to set up a DMA
burst count and delay as well as disable the DMA mecha-
nism of the CRT 9007. The register bits have the following
definition:

Bit 7 (DMA Disable)

Alogic one willimmediately force the CRT 9007 DMA request
to the inactive level and the CRT 9007 address bus (VA13-
VAOQ) will enter its high impedance state. After enabling the
DMA mechanism by setting this bit to a logic zero, a start
command must be issued (see START COMMAND, R15).

Bits 6, 5, 4 (DMA Burst Delay)

These 3 bits define the number of clock delays (CCLK)
between successive DMAR-ACK sequences. Bit6 is the
most and bit 4 is the least significant bit respectively. When
programmed with a number N, the CRT 9007 will delay for
4 (N + 1) clock cycles before initiating another DMA request.
If 111 is programmed, however, this will result in a zero delay
allowing all characters to be retrieved from video RAM in
one DMA burst regardless of the value programmed for the
DMA burst count.

Bits 3, 2, 1, 0 (DMA Burst Count)

These 4 bits define the number of DMA operations in one
DMAR-ACK sequence. Bit 3 is the most and bit 0 is the least
significant bit respectively. When programmed with a num-
ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before
relinquishing the bus. When programmed with 0000, the
minimum DMA Burst will occur (4 X 1=4) and when pro-
grammed with 1111 the maximum DMA Burst wiill occur
(4 x 16 =64). When bits 6, 5, and 4 are programmed with
111, no DMA delay will occur and the Burst count will equal
the number of programmed characters per data row as
specified in R1. Refer to figures 9 and 15 which illustrate a
DMA burst of 16 and a DMA delay of 8 for double row buffer
and attribute assemble modes respectively. For single row
buffer operation, no DMA delay is permitted and bits 6, 5, 4
must be programmed with 000.

CONTROL REGISTER (RB)

This 7 bit write only register controls certain frame opera-
tions as well as specifying the operation mode used. inter-
nal to the CRT 9007, this register is double buffered. Changes
in the register are reflected into the CRT 9007 at a particular
time durin%vertical retrace. This allows the user to update
the CONTROL REGISTER at any time without running the
risk of destroying the frame or field currently being painted.
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The bits take on the following definition:
Bit 6 (PB/SS)

= 0; The smooth scroll mechanism is enabled per-

mitting the SMOOTH SCROLL OFFSET REGIS-
TER (R17) to be loaded in the scan line counter (SL3-
0 or SLG, SLD signats) allowing for a scroll on the
screen of a predetermined number of scan lines per
frame or field. The starting and ending of the smooth
scroll operation is defined by the DATA ROW START
REGISTER (R11) and DATA ROW END REGIS-
TER (R12) respectively.

1; The page blank mechanism is enabled.- The
CBLANK signal is made active high for a continu-
ous period of time starting and ending at the data
row defined by the DATA ROW START REGISTER
(R11) and DATA ROW END REGISTER (R12)
respectively.

Bits 5, 4 (Interlace)—these 2 bits define one of 3 displayed

modes as illustrated in figure 21
= 00; Non interlaced display

= 10; Enhanced video interlace. This display mode will

produce an interlaced frame with the same dot
information painted in adjacent odd/even scan lines.

= 11; Normal video interiace. This display mode will
produce an interlaced frame with odd scan lines of
characters displayed in odd fields and even scan
lines displayed in even fields. This mode can be used
to allow the screen to show twice as many data rows
at half the height since it effectively doubles the

character density on the screen.
= 01; This combination is not permitted.

Bits 3, 2, 1 (Operation modes): These 3 bits define the var-

ious buffer configuration modes as follows:

= 000; (Repetitive memory addressing)—In this mode

the address information (VA13-VAQ) appears dur-
ing every visible scan line and the address bus enters
its high impedance state during all retrace intervals.
When using a row driven addressing mode (linked
list or contiguous), the address bus is in the high
impedance state for all retrace intervals except the
horizontal retrace interval prior to the top scan line
of a new data row. This period can be distinguished
from other retrace intervals because the DRB (data
row boundary) signal is active.

001; (Double row buffer)—In this mode, the CRT
9007 will address a particular data row from video
memory one data row prior to the time when it is
displayed on the CRT. During vertical retrace, the
first data row is retrieved and loaded into the double
row buffer. At the next data row boundary (in this
case atthe end of vertical retrace), the first data row
feeds the character generator while the second data

row is retrieved from video memory. The address
bus will enter its high impedance state in accord-
ance with the DMA mechanism for address bus
arbitration.

= 100; (Single row buffer)—In this mode, during the

first scan line of each data row, the CRT 9007 will
address video memory, load the buffer and feed the
character generator at the painting rate of the CRT.
If the CRT 9007 is used in a row driven addressing
mode, it will drive the address bus during the retrace
period prior to the first scan line of each data row in
order to retrieve the row table address. It will auto-
matically enter the high impedance state at the end
of the first visible scan line of each data row. If the
CRT 9007 is used in a sequential addressing mode,
it will drive the address bus only during the visible
line time of the first scan line of each data row.

= 111; (Attribute assemble)—In the attribute assem-

ble mode, character data and attribute data are
shared in consecutive alternating byte locations in
memory. When the CRT 9007 reads an attribute byte,
it loads it into its internal attribute latch. During the
next memory access, a character byte is fetched.
At this time the CRT 9007 isolates its bus from the
main system bus and outputs the previously latched
attribute. A WBEN signal is produced during every
character byte fetch to allow the character and its
associated attribute to be simultaneously latched into

. two double row buffers. This mode assumes that

there exists twice as many byte locations as there
are displayable character positions on the CRT. The
first byte of every data row is assumed to be an
attribute.

All other combinations of the CONTROL REGIS-
TER bits 3, 2, 1 are not permitted.

Bit 0 (2XC/1XC): This bit allows for either single or double
height cursor display when the cursor is placed within a
double height data row as follows:

= 1; (Single height cursor)—The CURS signali will

appear during every scan line for single height data
rows and will appear only during the top half or bot-
tom haif of a double height data row depending upon
where the VERTICAL CURSOR REGISTER (R18,
R38) defines the CURSOR data row.

= 0; (Double height cursor)—If the VERTICAL CUR-

SOR REGISTER (R18, R38) places the cursor in
the top half of a double height data row, the CURS
signal will appear during every scan line of the top
half (the current data row) and the bottom half (the
next data row) of the double height data row. If the
cursor is placed in the bottom half of a double height
datarow or ifitis placed in a single height data row,
the CURS signal will only appear during the one
particular data row.

CHARACTER CHARACTER CHARACTER
SCAN LINE SCAN LINE SCAN LINE
[ 0 0

————————— 0 _—~9-0-0-06 1
| 0006 1 gogag 89O
2 M= S Sl Bl * v

B 2 G -—=-=-— 5
3 -0 3 6

S Sm— - — .
4 —& O 44— Q6> 0

R0 P8 - S —— .
5 —O- =4 2

- § —mm—m— 3
s S 3 4

‘Y ———— 6 —— e ————
7o e s S

S S — S e — 7

Even 0Odd Even Odd
Field Field Field Field

(a) NON-INTERLACE  (b) ENHANCED (c) NORMAL VIDEO

VIDEO INTERLACE INTERLACE

FIGURE 21: CRT 9007 INTERLACE MODES
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TABLE START REGISTER (RC AND RD)

This 16 bit write only register contains a 14 bit address which
is used in a variety of ways depending on the addressing
mode chosen; the 2 remaining bits define the addressing
mode. Register C contains the lower 8 bits of the 14 bit
address. The 6 least significant bits of register D contain
the upper 6 bits of the 14 bit address. The 2 most significant
bits of register D define four addressing modes as follows:

Register D bits 7, 6:

= 00; (Sequential addressing mode)—The CRT 9007
will address video memory in a sequential fashion
starting with the 14 bit address contained in REG-
ISTER D bits 5-0 and REGISTER C bits 7-0. 2
sequential breaks are allowed as defined by
SEQUENTIAL BREAK 1 (R10) using AUXILIARY
ADDRESS REGISTER 1 (RE and RF) and
SEQUENTIAL BREAK 2 (R12) using AUXILIARY
ADDRESS REGISTER 2 (R13 and R14).

= 01; (Sequential roll addressing mode)—The CRT
9007 will address video memory in a. sequential
fashion starting with the 14 bit address contained in
REGISTER D bits 5-0 and REGISTER C bits 7-0.
SEQUENTIAL BREAK REGISTER 1 and AUXIL-
IARY ADDRESS REGISTER 1 can be used to cause
one sequential break as described in the sequential
addressing mode. A second break in the sequential
addressing can be defined by SEQUENTIAL BREAK
REGISTER 2 (R12) and AUXILIARY ADDRESS
REGISTER 2 (R13 and R14) permitting up to 3 sep-
arate sequentially addressed screens to be painted.

= 10; (Contiguous row table mode)—The CRT 9007
will address video memory according to the contig-
uous row table format. The 14 address bits con-
tained in REGISTER D bits 5-0 and REGISTER C
bits 7-0 define an address that points to the begin-
ning of the contiguous row table.

= 11; (Linked list row table mode)—The CRT 9007 will
address video memory according to the linked list
row table format. The 14 address bits contained in
REGISTER D bits 5-0 and REGISTER C bits 7-0
define the address at which the second row table
entry and the first data row reside.

AUXILIARY ADDRESS REGISTER 1 (RE and RF)

This 16 bit write only register contains a 14 bit address. The
6 least significant bits of REGISTER F.contain the upper
order 6 bits of the 14 bit address and REGISTER E contains
the 8 lower order bits of the 14 bit address. When the cur-
rent data row equals the value programmed in SEQUEN-
TIALBREAK REGISTER 1 (R10) the remainder of the screen
is addressed sequentially starting at the 14 bit address
specified in this register. This sequential break overrides
anly row driven addressing mode used prior to the sequen-
tial break. - o .

The 2 most significant bits of REGISTER F allow one to
attach double height and/or double width characteristics to
every data row in this sequentially addressed area in the
following way: i

For Double row buffer or attribute assemble mode REG-
ISTERF Bits 7,6 .

= 00; single height single width

= 01; single height double width

= 10; even data rows are double height double width

top half odd data rows are double height double
width bottom half

11; odd data rows are double height double width
top half even data rows are double height dou-
ble width bottom half

For Single row buffer or repetitive memory addressing mode
REGISTER FBits 7, 6

= 00; single height single width
01; single height double width
10; odd data rows are double height double width

top half even data rows are double height dou-
ble width bottom half

11; eveg d?ta rows are double height double width
top hal
odd data rows are double height double width
bottom half

1l

il

SEQUENTIAL BREAK REGISTER 1 (R10)

This 8 bit write only register defines the data row number in
which a new sequential video address begins as specified
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To
disable the use of this break, the register should be loaded
with a data row count greater than the number of display-
able data rows on the screen.

DATA ROW START REGISTER (R11)

This 8 bit write only register defines the first data row num-
ber at which a page blank or smooth scroll operation will
begin. Bit 6 of the CONTROL REGISTER determines if a
page blank or smooth scroll operation will occur.

DATA ROW END/SEQUENTIAL BREAK
REGISTER 2 (R12)

This 8 bit write only register has a dual function depending
on the addressing mode used. For row driven addressing
(contiguous or linked list as specified by the 2 most signifi-
cant bits of the TABLE START REGISTER) this register

defines the data row number which ends either a page blank
or smooth scroll operation. The row numerically one less
than the row defined by this register is the last data row on
which the page blank or smooth scroll will occur. To use the
page blank feature to blank a portion of the screen that
includes the last displayed data row, this register must be
programmed to zero. For sequential addressing, this reg-
ister can cause a break in the sequential addressing at the
data row number specified and a new sequential address-
ing sequence begins at the address contained in AUXIL-
IARY ADDRESS REGISTER 2.

AUXILIARY ADDRESS REGISTER 2 (R13and R14)
This 16 bit write only register contains a 14 bit address. The
6 least significant bits of REGISTER 14 contain the upper
order 6 bits of the 14 bit address and REGISTER 13 con-
tains the 8 lower order bits of the 14 bit address. In the row
driven addressing mode, this register is automatically loaded
by the CRT 9007 with the current table address. The two
most significant bits of REGISTER 14 specify one of four
combinations of row attributes (for example double height

265

=
=
=]
=
o
w
»




double width) on a row by row basis. Refer to the section
entitled Double Height/Double Width operation for the
meaning of these 2 bits. In the sequential addressing mode,
this register can be loaded by the processor with a 14 bit
address and a 2 bitrow attributes field. The bit positions are
identical for the row driven addressing mode. When the
current data row equals the value programmedin DATA ROW
END/SEQUENTIAL BREAK REGISTER 2 (R12), the
remainder of the screen is addressed sequentially starting
at the location specified by the programmed 14 bit address.
The 2 most significant bits of register 14 allow one to attach
double height and or double width characteristics to every
data row in this sequentially addressed area. The bit defi-
nitions take on the same meaning as the 2 most significant
bits of AUXILIARY ADDRESS REGISTER 1 and affect the
display in an identical manner.

START COMMAND (R15)

After all vital screen parameters are loaded, a START com-
mand can be initiated by addressing this dummy register
location within the CRT 9007. A START command must be
issued after the DMA mechanism is enabled (DMA CON-
TROL REGISTER bit 7).

RESET COMMAND (R16)

The CRT 9007 can be reset via software by addressing this

dummy location. Activation of the RST input pin or initiating

this software command will effect the CRT 9007 in an iden-

}iclfd manner. The reset state of the CRT 9007 is defined as
ollows:

CRT 9007 outputs Reset state
VA13-0 High impedance
VvD7-0 High impedance
HS High

VS High

CBLANK High

CURS Low

VLT Low

DRB High

INT Low

Pin 28 Low

Pin 29 Low

Pin 30 Low.

Pin 31 Low

Pin 32 Low

SMOOTH SCROLL OFFSET REGISTER (R17)

This register is loaded with the scan line offset number to
allow a smooth scroll operation to occur. The offset register
causes the scan line counter output of the CRT 9007 to start
at the programmed value rather than zero for the data row
that starts the smooth scroll interval. The start is specified
inthe DATA ROW START REGISTER (R11). Typically, this
register is updated every frame and it ranges from zero (no
offset) to a maximum of the programmed scan lines per data
row (maximum offset). For example, if 12 scan lines per data
row are programmed (scan line 0 to scan line 11) an offset
of zero will cause an unscrolled display. An offset of one will
cause a display starting at scan line 1 and ending at scan
iine 11 {eieven scan iines totai). An offset of eieven wiii cause
a display starting at scan line eleven.

The next scan line will be zero, starting the subsequent daia
row. To allow smooth scroll of double height rows, the pro-
grammed range of the register is from zero to twice the pro-
grammed scaii iines per data row. Whenever the offset
register if greater than the programmed scan lines per data
row, bit 7 of the register must be set to a logic 1 (offset over-
flow). It must be set to a logic zero at all other times. The 6
bit offset value occupies bits 6 through 1. Bit 0 must always
be programmed with a logic zero. By setting the offset over-
flow (bit 7) to a logic 1, itis possible to have the bottom half
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of a double height data row stand alone in Single Row Buffer
Mode b pro?ramming the scrolled data row as double height
top half and loading R17 with the proper value.

VERTICAL CURSOR REGISTER (R18 or R38)

This 8 bit read/write register specifies the data row in which
the cursor appears. To write into this registeritis addressed
as R18 andtoread fromthis register itis addressed as R38.

HORIZONTAL CURSOR REGISTER (R19 or R39)

This 8 bit read/write register specifies the character posi-
tion in which the cursor appears. To write into this register
it is addressed as R19 and to read from this register it is
addressed as R39.

It should be noted that the vertical and horizontal cursor is
programmed in an X-Y format with respect to the screen
and not dependant upon a particular location in video
memory. The cursor will remain stationary during all scroil
operations.

INTERRUPT ENABLE REGISTER (R1A)

This 3 bit write only register allows each of the three CRT
9007 interrupt conditions to be individually enabled or dis-
abled according to the following definition:

Bit 6 (Vertical retrace interrupt)—This bit, when set to a logic
one, will cause the CRT 9007 to activate the INT signal when
avertical retrace (i.e., the start of the vertical blanking interval)
begins.

Bit 5 (Light pen interrupt)—This bit, when set to a logic one,
will cause the CRT 9007 to activate the INT signal when the
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor-
dinate. This interrupt, which occurs at the beginning of vertical
retrace, reflects the occurrence of a LPSTB input on the
frame or field just painted. This interrupt need not be ena-
bled when other CRT 9007 interrupt conditions are enabled
since the STATUS REGISTER (R3A) will flag the occur-
ance of a light pen update and servicing can be done off of
other interrupts.

Bit 0 (Frame timer)—This bit, when set to a logic one, allows
the CRT 9007 to activate the INT signal once every frame
or field at a time when a potential smooth scroll update may
occur. In this way the user can use the frame timer interrupt
as both a real time clock and can service smooth scroll
updates and other frame oriented operations by using the
appropriate status bits. This interrupt will occur after the last
row table entry is read by the CRT 9007. In single row buffer
operation, this will occur one data row before the start of
vertical retrace. In doubie row buffer operation, this will occur
two data rows before the start of vertical retrace.

STATUS REGISTER (R3A)

This 5 bit register flags the various conditions that can
potentially cause an interrupt regardless of whether the
corresponding condition is enabled for interrupt. In this way
some or all of the conditions can be reported to the proces-
sor via the STATUS REGISTER. If some of the conditions
are enabled for interrupt, the processor, in response {0 an
interrupt, simply has to read the STATUS REGISTER to
determine the cause of the interrupt. The bit definition of the
STATUS REGISTER is as follows:

Bit 7 (interrupt Pending)—This bit wiil set when any other
status bit, having its corresponding interrupt enabled,
experiences a 0 to 1 transition. In this manner, when the
processor services a potential CRT 9007 interrupt, it only
has to test the interrupt pending bit to determine if the CRT
9007 caused the interrupt. If it did, the individual bits can
then be tested to determine the details of the CRT 9007
interrupt. Any noninterruptable status change (corre-
sponding interrupt enabile bit reset to a logic 0) will not be
reflected in the interrupt pending bit and must be polled by




the processor in order to provide service. The interrupt
pending bit is reset when the status register is read. All other
bits except Light Pen Update are reset to a logic 0 at the
end of the vertical retrace interval. The light pen update bit
is reset to a logic 0 when the HORIZONTAL LIGHT PEN
REGISTER is read.

Bit 6 (Vertical Retrace)—A logic 1 indicates that a vertical
retrace interval has begun.

Bit 5 (Light Pen Update)—A logic 1 indicates that a new
coordinate has been strobed into the LIGHT PEN REGIS-
TER. ltis reset to a logic zero when the HORIZONTAL LIGHT
PEN REGISTER is read. The light pen coordinates may have
to be modified via software depending on light pen char-
acteristics.

Bit 2 (odd/even)—For a normal video interlaced display, this
bitis a logic 1 when the field about be painted is an odd field
and is a logic zero when the field about be painted is an
even field.

Bit 0 (Frame timer occurred)—This bit becomes a logic 1
either one or two data rows before the start of vertical retrace.
Since this bit is set when the CRT has finished reading the
row table for the frame or field just painted, it permits row
table manipulation to start at the earliest possible time.

VERTICAL LIGHT PEN REGISTER (R3B)

This 8 bit read only register contains the vertical coordinate
captured at the time the CRT 9007 received a light pen strobe
signal (LPSTB).

HORIZONTAL LIGHT PEN REGISTER (R3C). -

This 8 bit read only register contains the horizontal coordi-
nate captured at the time the CRT 9007 received a light pen
strobe signal. When a coordinate is captured, the appro-
priate status bit is set and further transitions on LPSTB are
ignored until this register is read. The reading of this reg-
ister will reset the light pen status bit in the STATUS REG-
ISTER. The captured coordinate may have to be modified
in software to allow for light pen response.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNGE . .. ... ittt ittt et e e e 0°to +70°C
Storage Temperature RANGE . . . .. ... oottt e —-55°Cto +150°C
Lead Temperature (SOIdering, 10 SEC.) . . ... .ttt ettt ettt e +325°C
Positive Voltage on any Pin, with respectioground . . ... ... oo i s +8V
Negative Voltage on any Pin, with respecttoground . ....... ... . i i e -0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility
exists itis suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS T,=0°Cto +70°C, Vc=5.0V+5%

PARAMETER MIN TYP MAX UNITS COMMENTS
Input voltage
Vo Low 0.8 \
Vi High 2.0 \ all inputs except CCLK
Vi High 4.3 \4 input; see note 4
Output voltage
Voo Low 0.4 Vv lo. = 1.6 MA
Vou High 2.4 \ Ioy = 100pA
Input leakage current
f P 9 10 A 0<V=3.5V; excluding CCLK
[ 50 uA Vy = 5V; for CCLK
by —200 pA Vi = 0V; for TCLK
c Input capacitance 10 15 pF all inputs except TCLK at 1 MHZ
o 25 50 pF CCIK input at 1 MHZ
Power supply current
lec 100 170 mA
AC ELECTRICAL CHARACTERISTICS® T,=0°C to +70°C, V¢ =5.0V£5%
PARAMETER MIN TYP MAX UNITS COMMENTS
Clock
clock period 330 1200 ns for double row buffer or
attribute assemble
300 1200 ns for alt other operation modes
tow clock low 90 ns
toxn clock high 150 ns
tom clock rise time 15 ns measured from
0.8Vt0 3.5V level
texr clock fall time 10 ns measured from 90% to 10%
points
Output delay’
tor P y 150 ns
toe 150 ns
toe 150 ns
toe 150 ns
tya 25 115 ns measured to the 2.3V or 0.5V
500 level on VA13-VAO
ns
:‘;? 185 ns
tos 185 ns
tosy 185 ns
tvos 50 ns valid for loading auxiliary
address register 2 or the
attribute latch
tvon 10 ns
tvoo 185 ns ¢, = 50pF
tse 185 ns
tsio 185 ns
tor 240 ns cursor skew of zero
tor 185 ns cursor skew of one
through five
tos 300 ns
Processor Read/write?
tas 110 ns
oy 0 ns
tow 165 ns
tesn 650 ns
teos 100 ns
teon 0 ns
tepa 140 ns
tono 10 88 n
trr 400 ns
Miscellaneous timing
tars 25 115 ns measured from the 0.4V level
of ACK or TSC falling edge
taw ey ns measured from the 0.4V level
falling edge to 0.4V level
rising edge
taw 50 ns see figure 24
tacs 50 ns see figure 24
NOTE: .
1. Timing measured from the 1.5V level of the rising edge of CCLK to the 2.4V 3. Loading on all outputs is 30 pF except where noted.
h) or 0.4V (low) voltage level of the ouput uniess otherwise noted. 4. This level must be reached before the next falling edge of CCLK.

(hi
2. Re?erence points are 2.4V high and 0.4V low.
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REGISTER
ADDRESS DECODE BIT DEFINITION NUMBER
(HEX)
RegisterType VA5 VA4 VA3 VA2 VA1 VA0 D7 Dg D5 D4 D3 D2 Dt oo
T T T T L T
WRITE cloloioiol o S8 cIHARAcrlsRSPEnHomgnmpemoo , s o
t + J —— t T
WRITE slolololol s, , CHARACTERS PERDATAROW s .
t t t LA t
WRITE o loloioli1lo MSB . HORIZONTAL DELA Lse "2
1 T ]
WRITE olololol 1] M, Homzom’m.svncmnm‘ " s
T T T T
WRITE oo ol 1ol o|]|[mss , ‘,’E“T'CA"S""CW'DT” ) . L8 Ra
T T T T
WRITE oo o] 1o |1 |]wmss "ERT'C‘"-DE‘” N , iss RS
U T T
PINCONFIG- |  CURSOR SKEW BLANK SKEW
WRITE olofaop 1| 1]o0 R6
URATION | msg , LsB | MsB LSB
T T T i) T
WRITE o lolol « | 41 wss | VISIBLE DATA ROWS PER FRAME 'S8 a7
SCAN LINESFRAME TSCAN mcss PERGATA FoW
WRITE o | o | 1o ] o] o |]|®o) (B8) | msB . _ LSB 8
X INESPERFRAME !
WRITE oo |1 J o o |1 ®n, g Seand \ | LSB(BO) R9
Table 3a: CRT 9007 Screen Format Registers
REGISTER
ADDRESS DECODE BIT DEFINITION NUMEER
RegisterType VAS VA4 VA3 VA2 VA1 VAQ D7 D6 D5 D4 D3 D2 DI )
. — T 1 T
WRITE ol ol 1ol 1o DIS- | DMABURST DELAY DMABURST COUNT AA
ABLE | ysea , LsB | msB ) LSB
T T T .
INTERLACE
WRI o o} 1] 1 OPERATION MODES s
e o x | assg| MODES ) ) ZXTHXC
+ + }
WRITE olol 1l iloloe MSB | TABLEISTARTREGIST%R(LSBY‘TE) s e
T I T T T Ll
WRITE ol ol 1 f o | 1 %SS TABLE STAT REGISTER (MS BYTE) RD
— %
WRITE ololalt 11 ™ Auxnmnv‘mnnessnemsremu.savrs;; LB RE
} + —+
ROwW RF
WRITE olo 1| 1] 1] PO, N AUXILIARVADDHESSREGISTER!1MSBYTE)
: 4 | I 11
WRITE ol1lolololo ™ ssot:smmsnzmneeusrsm Lss R10
—+— +—
WRITE ol 1ol ool ™ DATAROWSTARTREGISTEH Lsa an
t
WRITE ol 1 lolol 1 loe MSB olmmweuozseouemmsnwnecxsrsnz A2 (g8 a2
t
WRITE ol v lolol ] wsa | Auxnumv_wnnsssnsecs’renzu:swra 58 a3
A L Ll T T T
WRITE ol 1 lol1]lo]o ATT:%TES[ AUXILIARY ADDRESS REGISTER 2 (MS BYTE) A4
{ MSB 1 1 Il | LsB
Table 3b: Control and Memory Address Registers
REGISTER
ADDRESS DECODE BIT DEFINITION AR
RegisterType VAS VA4 VA3 VA2 VA1 VA) D7 D6 D5 D4 D3 D2 DI Do
READ OR
sl o1l o 1|0 START COMMAND A5
W o v o110 RESET COMMAND A6
orrse T T 1 T
WRITE o | 1o 1| 1|1 R- OFFSET VALUE Ri7
FLOW | s B [
WRITE 0o {11 ]0 oo
VERTICAL CURSOR REGISTER (ROW COORD.
READ T 1| 1]o0]lo]o MSB ‘ ! ise R18 or R38
T $ +— +——1- 1 t
WRITE L2 N T HORIZONTAL CURSOR REGISTER (COL. COORD.)
READ T 1 |1 | oo MSB ) ) N | 1sB R190rR39
T 1 1 1 1
INTERRUPT ENABLE REGISTER
WRITE o {1 |1 ]o]1]o TICAL | LiGHT FRAME R1A
X __|racE PEN, X | X, X
T T 1 1 T
VER-
STATUS Resnsrsn
NT | TicAL
READ LI ST ST T TN (R T T I LA o ygir FRAME R3A
ING_|TRACE SN | x |, TMER
HEAD alalalol 1| MSB |, VERTICALLIGHTPENREGISTEH(RUWOOOHD) L8 RaB
T
READ N I P S8 ‘HORIZIONTALL‘!GHYPENREGISITER(OO}.COORIB.) Ls8 rac
Table 3c: Cursor, Light Pen, Offset, and Status Registers

STANDARD MlGQOSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
CORPORATION

tions, consequently comp'ete mformahon sufficient for construction ' purposes is not necessarily given. The
information has been and is believed to be enti reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does notconvey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS CRT 96364 A
RO - CRT96364B

JLPC FAMILY
CRT Controller
FEATURES PIN CONFIGURATION
[J Single +5v power supply
[J 16 line x 64 character display xo 10 ~ (128 Ve
O On chip sync oscillator x1 2] ’ 1 27 EOP
0 Complete cursor control ' Ps 3 [ [] 26 CSYN
[0 Automatic scrolling A9 47 [} 25 C2
[ Erase functions builtin As 5[ ] 24 C1
[0 Performs character entry during horizontal sync A7 6 (23 Co
[ Internal blinking cursor As 7 [ 22 A4
O Page linking logic builtin AS 8] 121 A3
[ LS-TTL compatible DcC 9 [ 20 A2
[J Compatible with CRT 8002, CRT 7004 DCE 10 (] [ 19 A1
RO 11 [ ] 18 Ag
R1 12 [ 17w
R2 13 (3 [ 16 DS
GND 14 I 15 CRV >
=z
GENERAL DESCRIPTION PACKAGE: 28-PinD.P. £
The CRT 96364 A/B is a CRT Controller which Standard functions such as ERASE PAGE, ERASE &
controls all of the functions associated with a LINE, and ERASE TO END OF LINE make the CRT
16 line x 64 character video display. Functions 96364 A/B easy to interface to any computer or
include CRT refresh, character entry, and cursor  microprocessor, or to use as a stand-alone
management. video processor.

The CRT 96364 A/B contains an internal oscillator

which produces the composite sync output. The The CRT 96364 A/B requires only -+ 5v power at
CRT 96364 B generates a 60 Hz vertical sync while less than 100 mA. It is manufactured in COPLAMOS®
the CRT 96364 A generates a50 Hz vertical sync. N channel silicon gate technology.

0 % C1 %
CONTROL
ETP@‘—-—- PAGE END L0Gic | u—.&'
DECODE ©
cHARACTER
L LoGIC
CURSOR CHARACTER v—»@ w
%@g—— COMPARATOR COINGIDENGE ENTRY POINTER ]
> ir i
N r
A (: J-—t
ADDRESS
UFFERS e~
MO it
a9 ( : ) DISPLAY LiNe VIDEO SYNC
counter [ END GENERATOR
79 (1))
A,

(:).._. ADDRESS ouTPUT
A BUFFERS [\ BUFFERS
Rz (13— ! l

GND Ve  DCC DCE X8 x1 CSYN
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

[

Crystal in
Crystal out

X0
X1

Pin one is the sync clock input. It may be driven directly froma TTL
gate or from a parallel mode crystal connected between pins one
and two. When a crystal is used, a 10 MQresistor should be
connected in parallel. For standard 60 Hz line operation, a 1.018 MHz
frequency source or crystal is required (with the CRT 96364 B). For
50 Hz line operation, the CRT 96364 A requires a 1.008 MHz crystal.

Page Select

PS

PS provides automatic page selection when two pages of memory
are used. A “zero” output indicates selection of page 1; a logic “one”
indicates page 2.

4-8

Memory
Address

A9-A5

Upper order memory address lines; A6-A9 determine which lines of
text are being refreshed or written. A5 along with Ag-A4 determine
the character position.

Character
Clock

DCC

Character clock input. Addresses are changed on the trailing edge
of DCC.

10

Dot Clock
Enable

DCE

A logic zero from DCE is used to inhibit oscillation of the dot clock
for retrace blanking.

11-13

Row Address

RP-R2

Character Generator row addresses. Blanks are generated by forcing
R@-R2 to “000”. During character entry, R2 gates data into memory
to control the erase function. Row addressing follows the sequence
0-1-2-3-4-5-6-7-0-0-0-0-increment text line-0-1-2-etc.

14

Ground

GND

Ground

15

Cursor

CRV

Cursor video output. Indicates cursor location by a 2 Hz
blinking underline.

16

Data Strobe

The rising edge of DS strobes the appropriate C@-C2 control word
into the CRT 96364A/B.

17

Write

A positive going signal which indicates that the CRT 96364A/B is
allowing a memory write. W is approximately 4 us, and occurs
during H sync. Memory address lines are latched at the cursor
address during W.

18-22

Memory
Address

Ag-A4

Lower order memory addresses. A@-A4 plus A5 (pin 8) determine the
character position.

23-25

Command
Inputs

Ce-C2

Command inputs are strobed into the CRT 96364 A/B by DS. Functions|
are as follows:

Function

Page erase and cursor home (top-left)

Erase to end of line and return cursor (to left)
Line feed (cursor down)

No operation”

Cursor left {one position)

Erasure of cursor-line

Cursor up (one position)

Normal character. Write signal is generated
and cursor position is incremented

* In order to suppress non-displayed characters

N
<

a—sauwo00c00 0
-b—‘oc-n—‘OC_O
2O a0 O

26

Composite
Sync

CSYN

Positive logic composite sync output. Horizontal sync is generated
during VSYNC and VSYNC time. A vertical sync output may be
generated by logicaily “ANDing” CSYN and DCE.

27

End of Page

This output is used to increment an external page counter when
using more than one page of memory.

28

Power Supply

+ 5volt supply.
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OPERATION

The CRT 96364A/B provides all of the control
functions required by a CRT display with a
minimum of external circuitry.

The cursor and erase commands may be de-
coded from the data bus by a low cost 256 x 4
PROM. The CRT 96364A/B then provides the
necessary cursor movement and gates the
memory for writing or erasing. Erase is con-
trolled by providing a write signal to RAM, and

gating ‘‘zeros” to the RAM input bus. Use of an
external PROM allows user selection of con-
trol words.

The RAM write command, “W”, is generated
during horizontal retrace. At this time, the RAM
address is set to the cursor address. Immedi-
ately following the write command, the RAM
addresses revert to refresh addressing and
the cursor is shifted one character.

CURSOR

The cursor location is indicated by an alter-
nating high on pin 15 (CRV) at row 7, and a low
on pin 15 with R@-R2 forced low at rows 0-6.
These alternate at a 2 Hz rate. If CRV is used to

force the display on, the result will be a blink
of the cursor character position alternating with
an underline at a 2 Hz rate.

CHARACTER ENTRY

When a Normal Character code (C2,C1,C@ =1,
1, 1) and a Data Strobe are received, the write
command will be generated during horizontal
retrace. If, at the end of the horizontal retrace,
the cursor is at the last position on a line, a car-

riage return and line feed will automatically
occur. When the cursor is at the last position
of the last line, a carriage return and up-scroll
will automatically occur.

EXTRA FUNCTIONS

By using the fourth bit of the decoder PROM as
a write enable signal, and properly program-
ming the PROM, the additional commands of
Home Cursor, Return Cursor, and Roll Screen
may be generated. This is done by inhibiting the

W signal to the page memory and inputting the
control codes, respectively, of Page Erase and
Home Cursor, Erase to end of line and Return
Cursor, and Line Feed.

SCROLLING

Scrolling of the screen text will occur under
any of the following characteristics:

1. Inputting a line feed command when the

cursor is at the bottom line of the screen.

2. Inputting a character when the cursor is

at the bottom right hand side of the screen.

Scrolling will result in the entire top line of the

screen being erased and all of the remaining
lines shifting up. Alternatively, a Roll (defined
as all of the lines shifting up with the previ-
ous top line reappearing at the bottom of the
screen) may be performed by inhibiting the
write signal to the page memory as described
in “Extra Functions.”
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range .. ... ... ... . .. . . 0°Cto + 70°C
Storage Temperature RanNge . ............ ... . it —55°Cto +150°C
Lead Temperature (soldering, 10SeC.) .. ... ... .. i i +325°C
Positive Voltage on any Pin, with respecttoground .............. ... .. .. . . . . .. +7.0V
Negative Voltage on any Pin, withrespecttoground ... ... ... ... ... ... . ... ... ..., -0.3V

“Stresses above those listed may cause permanent damage to the device. This is a stress rating onty and functiona!
operation of the device at these or at any other condition above those indicated in the
operational sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= + 5V =5%. unless otherwise noted)

Parameter ] Min. | Typ. | Max. | Unit | Comments
D.C. CHARACTERISTICS

INPUT VOLTAGE LEVELS (except DCC)

Low-level, V, 0.65 \Y excluding DCC

High-level, V,, 2.2 Vv excluding DCC
INPUT VOLTAGE LEVELS—-DCC

Low-level, V, 0.65 \

High-level, V4 35 Y
OUTPUT VOLTAGE LEVELS (DCE Only)

Low-level, Vg, 0.4 \ loo=19mA

High-level, Voy 2.2 ' lop=—100 1A
OUTPUT VOLTAGE LEVELS (except DCE)

Low-level, Vo 0.4 Vv 1o, =0.36 mA

High-level, Vou 2.2 \" lon=—100 A
INPUT CURRENT

Low-level, I 10 pA | 0=V =+5V
INPUT CAPACITANCE

All inputs, Cw (except DCE) 5 pF Vin=GND

C, (DCC Only) 25 pF Vin=GND
POWER SUPPLY CURRENT

lec 100 120 mA

AC CHARACTERISTICS
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DATA INPUT TIMING

Asynchronous Operation

] Value
PARAMETER SYMBOL | MIN | TYP | MAX UNIT
DS Pulse Width tew 0.5 us
Cp-C2 Set Up Time teos 1 us
C@-C2 Hold Time tosc 90 s
Minimum Strobe Period tos
(Operation Execution Time)
FUNCTION c2 c1 cd
Page Erase & Cursor Home 0 0 0 132 ms
[Erase to End of Line & Return Cursor ] 0 1 4.2 ms
'Ling Feed (Cursor Down) 0 1 0 130* us
‘No Operation 0 1 1 80 us
Gursor Left 1 0 0 80 us
“ Erasure of Cursor Line 1 0 1 8.3 ms
Cursor Up 1 1 0 80 us
Normal Character 1 1 1 130" us
“*Will increase to 8.3 ms when text scroll occurs. See “Scrolling” for conditions.
Synchronous Operation
Value
PARAMETER SYMBOL | MIN | TYP | MAX UNIT
DS Pulse Width tew 0.5 us
_C0-C2Set-UpTime teos 1 us
C0-C2 Hold Time tosc 16 us
DS Set Up Time tsos 1 HS
Minimum Strobe Period tos
(Operation Execution Time)
FUNCTION c2 c1 cg
Page Erase & Cursor Home 0 0 0 132 ms
Erase to End of Line & Return Cursor 0 0 1 4.2 ms
Line Feed (Cursor Down) 0 1 0 64* us
No Operation 0 1 1 64 us
Cursor Left 1 0 0 64 us
Erasure of Cursor Line 1 0 1 8.3 ms
Cursor Up 1 1 0 64 us
Normal Character 1 1 1 64* us
*Will increase to 8.3 ms when text scroli occurs. See “Scrolling” for conditions.
DATA INPUT TIMING
ASYNCHRONOUS OPERATION
tos
—_ % LT | -
) ) & X A
osc
N SYNCHRONOUS OPERATION
a— 15D
n M m M
tos '| I l I
D & A X
amd tnsc -
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MULTIPLE PAGE DISPLAY 4 PAGE DISPLAY
When linking two or more pages, the

EOP and PS signals may be used to ADVANCE PAGE
allow a “moving window” text display. (NEGATIVE PULSE)
PS (Page Select) indicates the end of (At — e pofes
page location. If a scroll has occurred, A0
PS will show the transition from the |
end of line 15 of page P and the begin- 31 x2 UP  DOWN
ning of line 0 of page P + 1. A
] A2 QB B
A4 A1 oA [«
Display Area 0 B4 74LS83 +5 74L8198 =
| PS S A3 Vee ! Vee Clear|
| B3 . Load f—e-+5
i | B2 GND ND
ling 15 | PageP | i
|
: |
line 0 S 3 i 14
line1 Page P +1 5{ PS EOP
line 2 : e
CRT 96364A/B
t
A9—-—J
To properly maintain the memory A8
address when displaying more than A7
two pages, EOP pulses low at the
point in time when page P is scrolled A8 ‘
completely off the screen. At this time, AS
PS will remain low for the entire frame A4 -
since page P + 1 is now the only A3 =
displayed page. A2 2
The circuit at the right will allow At &
scrolling through 4 pages of memory. \_" «

TYPICAL SYSTEM APPLICATION

MEMORY
ERASE
GATING

ENABLE

AW

DATA OUT

GHARACTER SELECT

DATA BUS

CHARAGTER
ROW  GENERATOR

DOT PATTERN OUT

PARALLEL DATA IN
D P/S REGISTER
[CLK SERIAL DATA OUT

COMPOSITE
VIDEO
OUTPUT
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STANDARD MICROSYSTEMS
CORPORATION

25 Marous Bivd. Hauppauge, NY. 11788
(516} 273-3100  TWX-510-227- 8898

We keep ahead of our competition S0 you can keep ahead of yours.

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS CRT 8002

CORPORAPON s
_——

JLPC FAMILY

CRT Video Display Attributes Controller
- Video Generator
VDAC™

FEATURES
[0 On chip character generator (mask programmable) VIDEO 1 ~ [] 28 RETBL
128 Characters (alphanumeric and graphic) LD/SH 2] ) 27 CURSOR
7 x 11 Dot matrix block VDG 33 ) 26 Msg
[0 On chip video shift register A 4T —) 25 Mst
Maximum shift register frequency Al 5
CRT8002A  20MHz - - 24 BLINK
CRT 80028  15MHz Az 604 123 V SYNC
CRT 8002C  10MHz A3 7 é |3 22 cHABL
Accesstime  400ns A4 8 b 21 REVID
[0 On chip horizontal and vertical retrace video blanking A5 9] [ 20 UNDLN
[0 No descender circuitry required A6 10 [ 19 STKRU
[0 Four modes of operation (intermixable) A7 11 ] ) 18 ATTBE
Internal character generator (ROM) Vee 127 ) 17 GND -
Wide graphics R2 13 ] 16 RP 3
Thin graphics , =] =
External inputs (fonts/dot graphics) R3 140 15 R ]

[ On chip attribute logic—character, field
Reverse video
Character blank
Character blink

PIN CONFIGURATION

[0 Subscriptable
[ Expandable character set

External fonts
Alphanumeric and graphic

Underline RAM, ROM, and PROM
Strike-thru [ On chip address buffer
O Foﬁ;ggrfl:i?llg cursor modes [ On chip attribute buffer
Blinking underline 0 +5volt operation
Reverse video O TTL compatible
Blinking reverse video [0 MOS N-channel silicon-gate COPLAMOS® process

[0 Programmable character blink rate
[0 Programmable cursor blink rate

1 CLASP® technology—ROM and options
O Compatible with CRT 5027 VTAC®

General Description

The SMC CRT 8002 Video Display Attributes Controller
(VDAC) is an N-channel COPLAMOS® MOS/LSI device
which utilizes CLASP® technology. It contains a
7X11X128 character generator ROM, a wide graphics
mode, a thin graphics mode, an external input mode,
character address/data latch, field and/or character
attribute logic, attribute fatch, four cursor modes, two
programmable blink rates, and a high speed video
shift register. The CRT 8002 VDAC is a companion
chip to SMC'’s CRT 5027 VTAC®. Together these two
chips comprise the circuitry required for the display
portion of a CRT video terminal.

The CRT 8002 video output may be connected directly
to a CRT monitor video input. The CRT 5027 blanking
output can be connected directly to the CRT 8002
retrace blank input to provide both horizontal and
vertical retrace blanking of the video output.

Four cursor modes are available on the CRT 8002.
They are: underline, blinking underline, reverse video
block, and blinking reverse video block. Any one of
these can be mask programmed as the cursor func-
tion. There is a separate cursor blink rate which can
bet mask programmed to provide a 15 Hz to 2 Hz blink
rate.
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The CRT 8002 attributes include: reverse video, char-
acter blank, blink, underline, and strike-thru. The
character blink rate is mask programmable from 7.5 Hz
to 1.0 Hz and has a duty cycle of 75/25. The underiine
and strike-thru are similar but independently con-
trolled functions and can be mask programmed to any
number of raster lines at any position in the character
block. These attributes are available in all modes.

In the wide graphic mode the CRT 8002 produces a
graphic entity the size of the character block. The
graphic entity contains 8 parts, each of which is asso-
ciated with one bit of a graphic byte, thereby provid-
ing for 256 unique graphic symbols. Thus, the CRT
8002 can produce either an alphanumeric symbol or
a graphic entity depending on the mode selected.
The mode can be changed on a per character basis.

The thin graphic mode enables the user to create sin-
gle line drawings and forms.

The external mode enables the user to extend the on-
chip ROM character set and/or the on-chip graphics
capabilities by inserting external symbols. These ex-
gal;réa&symbols can come from either RAM, ROM or




MAXIMUM GUARANTEED RATINGS*
Operating Temperature Range

............................................................... 0°Cto + 70°C

Storage Temperature Range ......... .. ... -55°Cto +150°C
Lead Temperature (soldering, 10SeC.) . ... ... .. i e e +325°C
Positive Voltage on any Pin, with respecttoground ......... .. .. . . e +8.0V
Negative Voltage on any Pin, withrespecttoground ... -0.3V

“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational

sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or “‘glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility
exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V =5%, unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, V. 0.8 \ excluding VDC
High-level, Vi 20 \ excluding VDC
INPUT VOLTAGE LEVELS-CLOCK
Low-level, Vi 0.8 \
High-level, Vi 4.3 \ See Figure 6
OUTPUT VOLTAGE LEVELS
Low-level, Vo, 0.4 \' lop =0.4 mA, 74LSXX load
High-level, Vo, 24 v low= —20pA
INPUT CURRENT
Leakage, I, (Except CLOCK) 10 uA | 0=ViNSVee
Leakage, {, (CLOCK Only) 50 A 0<Vin<Vcc
INPUT CAPACITANCE
Data 10 pF @ 1MHz
LD/SH 20 pF @ 1MHz
CLOCK 25 pF @ 1MHz
POWER SUPPLY CURRENT
cc 100 mA
A.C. CHARACTERISTICS
See Figure 6,7
CRT 8002A CRT 8002B CRT 8002C
SYMBOL PARAMETER UNITS
MIN. MAX. MIN. MAX. MIN. MAX.
VDG Video Dot Clock Frequency 1.0 20 1.0 i5 1.0 10 MHz
PW, VDC—High Time 150 23 40 ns
PW, VDC—Low Time 150 23 40 ns
tey LD/SH cycle time 400 533 800 ns
t. t Rise, fall time 10 10 10 ns
tserup Input set-up time =0 E] =0 ns
thow Input hold time 15 i5 15 ns
i, tepo Output propagation delay 15 50 15 65 15 100 ns
t, LD/SH set-up time 10 15 20 ns
t, LD/8H hold time 5 5 5 ns
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ROW ADDRESS

RO-R3
|
1 ]
N 1 1
BLOCK DIAGRAM
STRIKE-THRU
SELECT LINE
DECODER
UNDERLINE L'\ GRAPHIC
ADDRESS/DATA A - SELECT LOGIC
P A7 /] ADDRESS/ |
DATA . 1
CURSOR — LATCH —
RETRACE BLANK ——_-—‘ : |' > DECODER > 7%8&/1128
ATTRIBUTE ENABLE ——‘ < g
MODE SELECT# —= LOGIC Vo s o
MODE SELECT 1 —e I ce cf
REVERSE VIDEO —=]
CHARAGTER BLANK-=}
ATTRIBUTE o
UNDERLINE ———] M ToH LOGIC ATTRIBUTE
LOGIC
BLINK =} LOGIC
STRIKE THRU ——=} II LOGIC I r r
_’ cg c7
AB A7
D - SHIFT )
VIDEO DOT CLOCK (o} REGISTER Q}—vIDEO
LOAD/SHIFT SRd 8 BIT SR7
v ™ CURSOR RATE
""C_"l_‘___l_’ LOGIC |CHARACTER RATE

4.3v
vDC ' N
0.8v
tr ‘—- b R
PW,
ity L.— ] t2|<-
. 2.0V
LD/8F / \
) 0.8V
i
! 2.0V
ALL INPUTS / 1
(except VDC, LD/SH) 0 /
{ 0.8v
-] ,

2.0v
VIDEO
OuTPUT :
0.4V

FIGURE 7 oo
AC TIMING DIAGRAM

281



DESCRIPTION OF PIN FUNCTIONS

FUNCTION

The video output contains the dot stream for the selected row of the alpha-
numeric, wide graphic, thin graphic, or external character after processing by
the attribute logic, and the retrace blank and cursor inputs.

In the alphanumeric mode, the characters are ROM programmed into the
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top
row (Rﬁ) and rows R12 to R15 are normally ali zeros as is column G7. Thus, the
character is defined in the box bounded by R1 {o R11 and C@ to C6. When a row
of the ROM, via the attribute logic, is paralie! loaded into the 8-bit shift-register,
the first bit serially shifted out is C7 (A zéro; or a one in REVID), It is followed
by C8, C5, through Cf.

The timing of the Load/Shift pulse will determine the number of additional
(— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4.
When the next Load/Shift pulse appears the next character’s row of the ROM,
via the attribute logic, is paraliel loaded into the shift register and the cycle
repeats.

The 8 bit shift-register parallel-in load or serial-out shift modes are established
by the Loa‘d/Sﬁl% input. When low, this input enables the shift register for
serial shifting with each Video Dot Clock pulse. When high, the shift register
parallel (broadside) data inputs are enabled and synchronous loading occurs
on the next Video Dot Clock pulse. During parallel loading, serial data flow
is inhibited. The Address/Data inputs (A@-A7) are latched on the negative
transition of the Load/Shift input. See timing diagram, figure 7.

Frequency at which video is shifted.

In the Alphanumeric Mode the 7 bits on inputs (A@-A6) are internally decoded
to address one of the 128 available characters (A7 =X). In the External Mode,
AP-A7 izused to insert an 8 bit word from a user defined external ROM, PROM
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A@-A7 is
used to define one of 256 graphic entities. In the thin Graphic Mode A@-A2 is
used to define the 3 line segments.

+ 5 volt power supply

These 4 binary inpyts define the row address in the current character block.

Ground

A positive level on this input enables data from the Reverse Video, Character
Blank, Underline, Strike-Thru, Blink, Mode Select @, and Mode Select 1 inputs
to be strobed into the on-chip attribute latch at the negative transition of
the Load/Shift pulse. The latch loading is disabled when this input is low.
The latched attributes will remain fixed until this input becomes high again.
To facilitate attribute latching on a character by character basis, tie ATTBE
high. See timing diagram, figure 7.

When this input is high and RETBL =0, the paraliel inputs to the shift register
are forced high (SRB-SR7), providing a solid line segment throughout the
character block. The operation of strike-thru is modified by Reverse Video
(see table 1). In addition, an on-chip ROM programmable decoder is available
to decode the line count on which strike-thru is to be placed as well as to
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru
decoder (mask programmable) logic allows the strike-thru to be any number
or arrangement of horizontal lines in the character block. The standard strike-
thru will be a double line on rows RS and R6.

When this input is high and RETBL =0, the parallel inputs to the shift register
are forced high (SRE-SR7), providing a solid line segment throughout the
character block. The operation of underline is modified by Reverse Video
(see table 1). In addition, an on-chip ROM programmable decoder is available
to decode the line count on which underline is to be placed as well as to
program the underline to be 1 to N raster lines high. Actually, the underline
decoder (mask programmabie) logic allows the underline to be any number
or arrangement of horizontal lines in the character block. The standard under-
line will be a single line on R11.

When this input is low and RETBL = 0, data into the Attribute Logic is presented
directly to the shift register parallel inputs. When reverse video is high data
into the Attribute Logic is inverted and then presented to the shift register
parallel inputs. This operation reverses the data and field video. See table 1.

When this input is high, the parallel inputs to the shift register are all set low,
providing a blank character iine segment. Character blank will override blink.
The og?ra:ion of Character Blank is modified by the Reverse Video input.
See table 1.

This input is used as the clock input for the two on-chip mask programmable
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the
character blink rate (75/25 duty cycle). The divisors can be programmed from
+ 4 to + 30 for the cursor (= 8to + 60 for the character).

When this input is high and RETBL =0 and CHABL =0, the character will blink
at the programmed character blink rate. Blinking is accomplished by bianking
the character block with the internal Character Blink clock. The standard

INPUT/
PIN NO. [ SYMBOL NAME OUTPUT
1 [ VIDEO | VideoOutput | 0
2 LD/SH Load/Shitt 1
3 VvDC Video Dot Clock ]
4-11 A@-A7 Address/Data ]
12 Vec Power Supply PS
13,14,15,16/R2,R3,R1,RE] Row Address 1
17 GND Ground GND
18 ATTBE Attribute Enable ]
19 STKRU Strike-Thru ]
20 UNDULN Underline |
21 REVID Reverse Video |
22 CHABL Character Blank 1
23 VSYNC | VSYNC T
24 BLINK Blink |
25 MS1 Mode Select 1 |
26 MSg Mode Select @ 1
MS1 MSo MODE
1 1 Alphanumeric
1 0 Thin Graphics
[o] 1 External Mode
0 0 Wide Graphics

character blink rate is 1.875Hz.

These 2 inputs define the four modes ot operation of the CRT 8002 as foiiows:
Alphanumeric_ Mode — In this mode addresses A@-A6 (A7=X) are in-
ternally decoded to address 1 of the 128 available ROM characters. The
addressed character along with the decoded row will define a 7 bit output
from the ROM to be loaded into the shift register via the attribute logic.
Thin Graphi —In this mode AP-A2 (A3-A7=X) will be loaded
into the thin graphic logic along with the row addresses. This logic will
define the segments of a graphic entity as defined in figure 2. The top of
the entity will begin on row 0000 and will end on a mask programmable row.
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DESCRIPTION OF PIN FUNCTIONS

INPUT/ .
PIN NO. | SYMBOL NAME OUTPUT FUNCTION
25 External Mode — In this’ mode the |nputs A@-A7 ‘go directly from the
26 character latch into the shift register via the atiribute logic. Thus the user
(cont.) may define external character fonts or graphic entities in an external
PROM. ROM or RAM. See figure 3.
Wide Graphics Mode —In this mode the inputs AG-A7 will define a graphic
entity as described in figure 1. Each line of the graphic entity is determined
by the wide graphic logic in conjunction with the row inputs R@ to R3. in
this mode each segment of the entity is defined by one of the bits of the
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic
entities. These entmes can butt up against each other to form a contiguous
pattern or can be interspaced with alphanumeric characters. Each of the
entities occupies the space of 1 character block and thus reqmres 1 byte
R _ of memory.
These 4 modes can be intermixed on a per character basis.

27 CURSOR | Cursor 1 When this input is enabled 1 of the 4 pre-programmed cursor modes will be
activated. The cursor mode is on-chip mask programmable. The standard cur-
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are:

Underline—In this mode an underline (1 to N raster lines) at the programmed
underline position octurs.

Blinking Underline—In this mode the underline blinks at the cursor rate.
Reverse Video Block—In this mode the Character Block is set to reverse
video.

Blinking Reverse Video Block—In this mode the Character Block is set to
reverse video at the cursor blink rate. The Character Block will alternate
between normal video and reverse video.

The cursor functions are listed in table 1.

28 RETBL Retrace Blank [ When this input is latched high, the shift register parallel inputs are uncon-
ditionally cleared to all zeros and loaded into the shift register on the next
Load/ Sﬁ'ﬁ pulse. This blanks the video, independent of all attributes, during
horizontal and vertical retrace time.

TABLE 1
CURSOR RETBL REVID CHABL UNDLN* FUNCTION
X 1 X X X “0” S.R. All
0 0 0 0 0 D ,(S.R.) All
0 0 0 0 1 “1” (S.R.)*
D (S.R.)Allothers
0 0 0 1 X “0” (S.R.)AIl
0 0 1 0 0 D (S.R)
0 0 1 0 1 “0” (S.R.)*
D (S.R.)Allothers
0 0 1 1 X “1”  (S.R.) All
Underline* 0 o] ] X “1” - (S:R.)*
. D (S.R.) All others
Underline* 0 0 1 X “q (S R.)*
“0” (S.R.) All others
Underline* 0 1 0 X “Q” (S R.)*
(S.R.) All others
Underline* 0 1 1 X “0” (S.R.)*
“1”  (S.R.) All others
Blinking** Underline* 0 0 0 X “1”  (S.R.)* Blinking
D (S.R) All others
Blinking** Underline* 0 0 1 X “1”  (S.R.)* Blinking
“0” (S.R.) All others
Blinking** Underline* 0 1 0 X “0”  (S.R.)* Blinking
(S.R.) All others
Blinking** Underline* 0 1 1 X “0” (S.R.)* Blinking
: “1”  (S.R.) All others
REVID Black 0 0 0 0 D (SAR. ):AII
REVID Block 0 0 0 1 - “0” (S.R.)
D (S.R)Allothers
REVID Block 0 0 1 X “1”  (S.R.) ,AII
REVID Block 0 0 0 1 “0” (S.R.)
D (S.R.)Allothers
REVID Block 0 1 0 0 D (S.R) 'AII
REVID Block 0 1 0 1 “1”  (S.R.)
D (8.R.) All others
REVID Block 0 1 1 X “0” (S:R.) All
Blink** REVID Block 0 0 -0 0
Blink** REVID Block 0 0 0 1 .
Blink™* REVID Block 0 0 1 X Alternate Normal Video/REVID
Blink** REVID Block 0 1 0 0 At Cursor Blink Rate
Blink** REVID Block 0 1 0 1
Blink™** REVID Block 0 1 1 X
*At Selected Row Decode  **At Cursor Blink Rate

Note: IfCharacter is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate.

SECTION V



FIGURE 5
ROM CHARACTER BLOCK FORMAT
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80 00 SNSSNC0 | 8000DED 4| 8000008 D00Qcoo0 | O 0 | C0000oDa
B0 CO®00CO | 8000080 [ sls; Jals) DDSRSDO o DEC | O 000
m |00 [ isis) 8| Bocacos | O oot ol 0| 000000
mo0! WOn 1=} @ Ta ‘COO®000 8040500
13 oROR00| e0owA 0OOM000 0 | cocoaon
Bones | 5 20 B58R8ES | BEmscn: | B9eneRo| Seseaoo | AScooRd SESESET | 8aemARS | 8388358
R11 | ®0ODCOG | COOOOsG Q000000 | 0050000 | G00000a DDDBDUEI gunuunn 0080008 00aoDaoe | 0000000 | DO0000G

CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS.
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FIGURE 1

WIDE GRAPHICS MODE

5BITS** NBITS** MSo=g MS1=g C7 C6 C5 C4 C3 C2 C1 Ccf EI; El; »

ROW ADDRESS - / // \ﬁ\r‘}_; -
| [ NN

3 LINES l——-» A5 Al R3 \ \ /
3 LINES ~ A4 A R4 \ A6 :/AZ

NN\

3
N
N
N

R6 | <
[A’I_]‘*I"sl*"lwl‘\l:[—lﬂ 55 /<A5/<>N
L

7
*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES R1g A4 Aﬁ&

A

**CAN BE PROGRAMMED FROM 1 TO 7 BITS
*** ENGTH DETERMINED BY LD/SH, VDC TIMING R11TN

EXAMPLE: 10010110

R1

- R13 \\\\\ / / /
R14 | NOTE: Unselected raster line rows,
2%

are always filied with ones.
R15

INNZANNL

N

BF =back fill

FIGURE 2
THIN GRAPHICS MODE

N'BITS MSg=g MS1=1 C7 C6 C5 C4 C3 C2 C1 CFBF BF... .+ -

— ROW 0000 RE
R1
R2
] R3
R4
RS
Ré
R7
R8
R9
R1g
PRO! HAMMABLE R11 NOTE /
r2 V. 0/ //AY,
R13 :
R14 i
H
|

R15 1
[xlx]xlxlxl/\zlmlwl -
NOTE: When A1="1", the underline
- row/rows are deleted.
X=$:g;‘;§§ T IS MASK PRO E When A1="0", the underline,
TO ROW 0000 if selected, will appear.

** LENGTH DETERMINED BY LD/5H, VDC TIMING BF =back fill

N\ 2

S

FIGURE 3
EXTERNAL MODE
MS@g=1 MS1=¢

C7 C6 C5 C4 C3 C2 C1 CP BF BF

R# — R15 A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD| AT | A7

BF =back fill
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FIGURE 4 TYPICAL VIDEO OUTPUT

1 2 3 4 5 6 7 8 1/9 2/1
VvDC
LD/SH ! [
VIDEO DATA
8 DOT FIELD
VIDEO DATA WWW WWVWWWWW WBF, EV
g DOT FIELD A7 AB| A5 Ad A3 Al A0 A7 AT AB| A5 A4 A3 A2/ A0 A7 A7
NOTE: C,, Alphanumeric .
x = character number External BF =back fill
y =column number xterna
XTAL
] I
A L R 74160
] | DOT CARRY
GOUNNT N I CHARACTER CLOCK
| CP(T ) . 1 sYNG JHORIZ.SYNG .
BI-DIRECTIONAL DATABUS _ 8 o
7404 C 7404 T v SYNG | VERT.SYNC S
VIDEO DOT == ADDRESS BUS 4 S
LOCK COMPOSITE z
CLO! 7= A8-3 VIAC C SYNC = §
PAGE CHIP SELECT BLANKING 5
:# LOGIC i CS  CRTS027 BL §
DATA STROBE VIDEO
DS ——
8 CHARACTER COLUMN
< va HE-7
6 CHARACTER ROW
K% DR#-5
— CHARACTER RE-3 CRV o
DATA BUS ADDRESS 3 S
BUS RASTER 2
MICRO- ADDRESS BUS | | SZ 4 SCAN 3
PROCESSOR R SELECTOR ; COUNTER m
WITH ASCII >
CONTROLBUS || LIL_|  opTioNAL —7 o
HAr— MEeMoORY D;bTéﬂ
MAPPING
CIRCUIT ATTRIBUTES VDAC RE TRACE]
(IF REQUIRED) 9 CRT 8002 BLANKIN
ADDRESS VIDEO DOT SERIAL
ELOCK OUTPUT
Ll *2-PORT RAM
"1 1Kx8 10 4k x8 | DATA
CHARA'STER oUT TIMING
N FRAME FROM
~ Y]  BUFFER DOT COUNTER CRT 5027 VTAC
g DNA OR 1 PORT RAM cl OF:; CRT 8 VDAC
- | . HARACTER
WITH BI-DIRECT GLOCK uP CONFIGURATION
RAM & ROM PORT
(FOR ,P)
FIGURE 6 Vee & \/DC (to chip)
74SXX 5000

CP bxreenaL ——l L CLK Q——LD/SH (to chip)
|~ 74574

LOAD/SHIFT Ey_'[gn_uu_‘_—‘ D
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STANDARD MICROSYSTEMS CRT 8002-001
ORPORATION (KATAKANA)

CODING INFORMATION

CRT Video Display-Controller
Video Generator VDAC™

A3..A0 0000 0001 0010 0011 0100 (03] 0110 o111 1000 1001 - 1010 1011 1100 1101 1110 111
AB...Ad - C8-CO T 0o G Co|TCe 0o | CELCT Te...C0
R? fslalainls/u/a} oooooon 0000000 | CooDUOD| DOODDOO
2333939 Ca| Soomooa| 8 £ooooog
aol 00| DO0DO00( 0000000
. G| semmwan
1000
EBosea0| oomBooe! o
0o08nos | O DeeRCOE o0 O8000g!
[3[= o ggggggg 0000 | Q000008 | 000000 | 3000000 | 000C ?\ﬁﬁﬂnn o008 00000
R11 0000000 0000000 | 0000000 | G000000 | 00Do0! ooo|
R1 ooomooo o 0 | mase: = 2 ] ggoomoo
GDE‘I BEE W0OCO000 | 0000080 oCooCH [a] E: ool
Is] 0 ( M0C0000 | CODOM00 =] [
LT (=1 5]
001 000 53
R11 C
mmamEO
m 2mooo!
O8000¢
OscoQ
DIDSE
010 =] [ul=is]al]
o 80
] l
Dooooeo |Sisl=|=[=Ta]s}
R11 0 0000000 DDDDDG 0000 | 0000000
o ooooo coooo al al
falstere Eaga5an B2 8558858
Omonomo ooeoson &t | DO00D00
0K EE Do00000
on S0a00 fole 500
fw] IS[=Is] s =] 200 | O
[s]slals] (s [alw]" /8 u] 000 | Of
’ coos0og 00 | m
latelete 2 2858808 BeaRaas tetetete Bas | &
R11 000000 | DDO0D00 00000 100 | Ot
R1 Do » onoogon oooooog
0L =} 0000000 0oooooo
S= o 10! 0 ‘0ooogon 00000aa
100 | 0000000 100 00®0000 0ooooon
0D000co 0000 [o; T T 0s} JIDIDIB
100 9 ol ] Jaatals ool gg ol
00000 | wooso0! :DDIE OOwOm00 | 0Omao0g fafstal
52000 | Semsnns Boomo Bancsos | Aosason S58aa88
00000 | DooO ooooo DOO000c | 9000000 £OD00QG
R11 STatalsl: Poat o6 | booooan
A1 ODooDOO | DAOO00O | BOCODDD | DEOONNG | SODODD | DODOOOD | DEOO0OT | COO0000
- OmooOan -l ] DIDBUDD
EERERE 1=
Beccces s B
101 [s]=]]ulal Tu} CE00®00 | D
o js[a[aTal Tala} OmO000g | O
DDDIUCIO ai 18 | COOMOO! oRoc000 | 0ot
f=i sl o ICO0 | 0OWOC0Q oosssEw | O
an S Soshees Feelatetete psssss
RY 00000 ooosoon
aue aRs 00000 0008000
00Co00e | DODOO®D 100000 asssEee | 0000
DCOOoa0 | 0000800 DOOs000
110 oCeosno DDGIDDC DEo000H [ajuis] Tslale]
000mO00 mEC OCO0DRO =] Tal el Ta]
= El [=]=]=]=]1=]a] ospoecos
OwoOos0 [ =] s} Sieja] s/aa] 00 | #00S00E
[sfalslalals] SDDIDOD 0W00C00 | ROOCCOE | CEl NS | ONND000 ooomcoo
A1 J0D0DAC 1C0000! 00000D0! 2000000 | 0000000 | 00OD00( 0000000
1000000 | 00000aC [=[zl=[=]=s]s] 000! 0000caa
R1 00ouDo o0poooD 0000000 | sonogon oosooog
[S]Sisie] a] sSEaREER OROCOOND | OMO&000 {si=i=}
[s]sa] |a]s] 0onago Islals] &0a0
Ceaases 0
111 200000 =]
alels] [u]
aof [=] SEN SEESESE | ARSI [ols]:
0Q0R0ON0 | O0C000m 0000000 | 2000000 § 00
020000Q | 0000000 | 0002001 0000C0ac | 2000000 OOl
R11 farale]stals oooac 83000000 | bonhaca | Soooooa
“evaun C7 C6 C5 C4 C3 C2 C1 Cf BF BF...
C7 C6 C5 C4 C3 C2 C1 CP BF BF-
o ! RE
RE R1
R1 A7 A3 R2 IAQ)
R3
R2 / \
R4
R3
RS
R4 A6 A2 R6 7,
R5 a7
R6 R8 o
R7 A5 Al R9
R8 ‘N Rig
R9 \ / R11 NOTE /.
R1g A4 AQ m2 7 ' A
R11 g% R13 i
R14 H
R12 /A, :
R15
R13 e L.
R14 NOTE: Unselected raster line rows NOTE: When A1="1", the underline
are always filled with ones. row/rows are deleted.
R15 When A1 ="0". the underline
it selected, will appear.
BF =back fill BF =back fill
Underline Blink Rate
Underline will be a single horizontal line at row R11 The character blink rate will be 1.875 Hz
Cursor Strike-Thru

Cursor will be a blinking reverse video block, blinking at 3.75 Hz The strike-thru will be a double line at rows R5 and R6
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STANDARD MICROSYSTEMS RT 8002-
CORPORATION Cc & 3287%%&}300”3
CRT Video Display-Controller

Video Generator VDAC"

A3..AD 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1m
e N — s 5 ' os oo =s oo
AS..A4 C6...C0 C5...C0 C5...CO | TB...C0 4 C3...00
oooonoo 0 oomoooo| ooooaoo | soocaos | oomoosa| cosnooo
At fers 18] OROS000 | DONDO00 ja]u]"Jelwiala) Jai 1 la'aia}
100 | CEDDCG CORDDOC| SOS0800
IO £owoog 00WODCO | DOS00CT
Is] |=]=ls]ul=]s] » 800 | DOWO0!
000 0 Swamoco | camoaso
a oOm5a00 | comogon
I=] 00000cg| 0occoon
‘0oRoRO:! 2000000 COCo0CT
DOODCA [=[=(s[s]s|ala} guisels|n]s o}
R11 000000k 0000060 0
0 jaie]
R =] [s[s]
o 00
E ]
001 Q oG
o0 | . 0 c H 800 00 00
0gDooa0 00! |=4 00g000d | 9802030 0g
o0o0gon [a]s]alulalala] 90
js]sis=ls]aia] CE00000 [ 8000093 a]s}
R11 6580000 6060008 0000005 | Gasanbe | 5a5a000 00 | 9500000
OBOROOD 000D ooeoooo| ooonoon 0000000
R CRO00 #2m0800 | Domcooc
3 830
010 Jss) Te[a=
Q00 | 000! =) a coenaoo | Of ©J00000
5AbAGAS | 5E0008g forerafaratele} Eo000:
6886000 | 5ono000 clalaretelslal Jetclerattelet gaaan:
gogeans | 6e6ao0a £Oa6000 6600008 Jereletarer
R11 Gooo00s | DooaEan o0 gooooan S0c0000 | 5900030
R1 ooooooc | coowoao | ooooooo
g 5oBa5ag
Tsfs|
o1
g O
0] Ot 00Q Ia] 000 [s]
5860000 900000 6600008 | GaGoaas | sa0oaaa
BDARCcODO DoURO00 100000 | 0GO0G00
R1t Do0oooa 530000 G ocoeaat
Rt {{ jajuja) felul fujn] o
Jefsl sle falefc}
CO800 80050
000 sisie]
100 o
sawa 050 | 8500800 | BemERco | Bt
9000000 g | 8000000 | 0000000 | JOG00ga | A0000as | Of
ocoogoog 0000000 | 5000000 | DOCAC00 | 3500004 | 0000000
ooggooo 0000000 | DOQ0OOd | 00000d | C000D00 | Q00000
R1Y 0000000 930 9000000 | 6ea00as | 0000000 | 000000 | 080004 | 6000GAE | 56GDCOE | A060600
Rt 00! {ajale lu’e] eleinielalulu} § | 1 1 7 "ulu} fuislajalujuia} uia]n]ala]ale]
I0C = COO830 s|ococoa 000000t [ 9300920
fefelat 1ot DESOESS Somecac | 5355585
[S]s} = Feeass
Q00800 2568000
10 {=fs] Q 0 | D =] fetalslalalals]
ossso0S WOU | QOOD00 | eRNeR0C | snassoc LT 1 Tole]
500! 0500097 (9900003 [ oBoDanD feislalats
g 680008 | 5800604 | G00a80
a [=]=ls] f= 0000000 | 600000C | COC0OCD fe
R11 Q000000 | DO0RORE | 600000 apci ! 0000000 | 0000000 | 0000000 | 0000000 0000000 1=
R1 DOODCO0 | 8000000 | 0000gUD j=]ealaialale] ogoeono | aoonoog | o COpoeoc | gooooas
20000001 000000 | 9000DCD ol I {alsiaias] [ Islals] Jala] 000000 f={=]
Gaat CENOOC | GResEcD g scosoag anc
SCOBCC | ROCOCAD H 0 ®OROOA0
110 R 2 =] =]
000 = =
8000000 | at =
o oo e
R11 | 8060000 9606000
A1 Dogoooc 000 { 2000000 | coooooo | DCE0DOd | 0OCO000 { o
ROB8000 £0DG00d | 0000000 { DORJOOS o
ao0 .0 ous =3 et o
OC | #8000C0 | 000000 g
BOOCOCO | CEMEODS 2
wm 09 | 85205 B
0000 o 800
B8000000 | 000000 {s] =] Js{s(s]slalala]
DDDDGDS DUUUESS 00g0895 f=[slslsl=]als] golulalslsls]x] ia:
A11 ‘0000000 | oDOO |=ja=lslsiela) =] 0000000 | A000a0o
00008000 | 0000000 | 3000000 | S00CCCC 0000000 | 0O00024 | 00Ca003 | CA00N00 | 0o0g00a0 | 00ODD00 | 0500A0G DQDDUDDIE

WIDE GRAPHICS MODE THIN GRAPHICS MODE

C/7(76/0504CGC2C‘CU C7 C6 C5 C4 C3 C2 C1 CB BF
4770
&
. >§ ¢4
Re

:; Al \A2
N

A,

T

3

>
N

RS v, 7
rr %

R8 Al

N

R9 \ 9 ‘ /
w0 b AN %
An Note: R11-R15 are An
Ri2 atways filled with ones. Ri2
R13 R13
R14 R4 /
R15 R15

ATTRIBUTES
Underline Blink Rate

Underline will be a single horizontal line at R8 The character blink rate is 1.875Hz
Cursor Strike-Thru
Cursor will be a blinking reverse video block, blinking at 3.75Hz The strike-thru will be a single horizontal line at R4
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BGMACETEE  CRT 8003.005
CRT Video Display-Controller
N Video Generator VDAC™

A1 | 2coo00c | poooaoa [ oonoong cogooog oonoaco | oopopgo | ooooooo | oooesan | aoa
B8 £06000a oom0cos 300060 89988501 oonosog | gosoeas | Sosooan | aSossas
jelsli = goonogo| Ga0aRES BOCO | DOBOCOE | 0o08GAn
DO0GED | MO5O! RS0 | 0OBOOGD | 0GB0G00
saoCoRC! Socosco | oeoe0a0 | booacaa.
m isteserats] 6608060 SE0mC00
b s e o SR
§os8ees 22 So28a0 8550003 poscoan
00000 | 9B Qo0060g JslereTeterered o88aGaE ©808000
R11 ongocca | 9050000 3009000 B500000 DOODOOc | B0goaas | atoacoc | 6800048 | 0000000

WIDE GRAPHICS MODE THIN GRAPHICS MODE

C7 C6 C5 C4 C3 C2 C1 C@ BF BF C7 C6 C5 C4 C3 C2 C1 CO BF
o // N Ra 4
WO F %
IO e 7 Y
NN\ Z A I I
o / g . g
R7 > < 4 R7 / /
. / \\ N o 7
R10 R10 /
R11 /\Aq \ R11
R12 \\\ rel /A S/
R13 \ R13 /
R1 14
- // k N -

A3 A 10006 000+ 0010 oOTT 0100 OT0T o1y OTTT 000 00T 1670 07T 1100 1101 1110 111
AB. A4 C6...C0 | C6...C0|C6...CO{C6...CO (CB...CO| C6...CO | C6...CO|C6...CO C6...CO|C6...CO|C6...CO{C6...CO| C6...CO(C6...CO
R1 | scoomco
asoowcc
scaoeoc
sooescc
000 Js{wie a7 1}
Soneent
Jorst Soomamg
Soosesn Goowaos Ist
5800080 8658085 JoleTersterata)
R11 ) 0600000 oooooca 0000000 9900056
R1 |mmsoooc oessoco ™~
snosace 8000060 i
ceecoon &
e 4
1 coomoen 0
00 Jelstelstete] 5
ggs Tt 8 | ooc
ooom o
5830000 6885000 0 | 3oo000E
R11 | boooono ooooeea 0 | 5Oanoas
‘0oogooo oo o [ oooocog
A1 | 5888588 o G | o60cad
5008608 o8 & G0
Sooooan 0G| cecECw 50
. | aooaaa: oc | o = 50
o1 jaslatelslere) 0C | Of ] [sjs}
Jefstareretare) oC | mo: 00
2660080 oE | 3o o fels]
3000600 moCE oc | 3o c 03
5080000 fafsfatatels} or | a0 = 0805
R11 | 5000060 000060 o5 | 3o 5 jele]
e [ ocooooe oo
Rl 2 ¢ | Booaacs CoC
a £ | 0O0Ta00 10568
a C | Somenco 1506
a S | oomanos 508
o1 3 T | QC000S0 065
cooa00 5 0 | 2600088 tefatel
Fleieter Bt 5| Sommoan 580
Elsrslelets 3 = | 3088555 58
3 5 a5
A1t 3886660 E: 3| 3885558 585 >
a1 z
(=)
o8
soacscs =
100 scswweD o
®0000GO L
Secacao »
Eizetsles 8 56558 8365552
R11 | BoO000G 3095363 5338868 8850003
R1 | sssessc woogoos | sooocoe ‘coomooo
#3000 Sosomco
o Gmooom:s
oEOa0 5O00S
5008000 Dooooon
101 aooenag 6apoaaa
5008000 Jsiejstetelaral
CoOmOG0 5o8D0a 6080560
ks s fonmns | memmes e
R11 BBacads 3608000 5600500 | BB66RAD 5988560 | 8668668 5806688
oowecoo [ oooooog coonoog ooooooo oooooan nooonoa | 0ocooog oopoooa
R | 3584500 | 5o008a8 9000000 Joretateretered 0000008 COOBG0G | GADoOR 0gDooEa
Soomane | s000a0a 8658008 G050008 0583008 | 6060090
0000800 { Cesssoa caeamco omsesgn ooemcoc | cogoess et
aeaocao | aocooes Fe a 2ac00!
110 00000a0 | Jsssesa seEEssc gcomoac | Soaor a
5O00aos | #0oocea 8CO0000 ocomoad | @ =sCc@cac
ongaona | ag aca6008 ooow00a | G0ACes | #000RI0
Q00000 | Jesescs Seescea | cessEog gomemon | Dooooan | MCooCEE fsta]
Goooaos | 3600000 S0B0C0a | J00900C | GooaEeE 5300000 | Geoaces | 2500500 8000000
R11 | BA0606 | ooonoan | booooaa 50000AA | 5660600 | G06Ea00 5650000 | 5888000 | SoNssta | SGOOGE | Acos0a8 Goooaoa

ATTRIBUTES
Underfine Blink Rate

Underline will be a single horizontal line at R12 The character blink rate is 1.875 Hz
Cursor Strike-Thru
Cursor will be a reverse video block The strike-thru will be a double line at rows R5 and R6
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CRT 8002-011
(ASCII)

CRT Video Display-Controller
Video Generator VDAC™

A3..A9 1 o000 0001 0010 0011 0100 o101 o110 o111 1000 1001 1010 1011 1100 1101 1110 11
AB..A4 C6...C0 | C6...CO|C6...CO|C6...CO |C6...CO | C6...CO C6...CO | CB...C0|C6...C0| CB...CO[C6...CO
R1 | scooeoo jol 1 Jelals]
BECOS80C 0000
.os0800
1= =]
000 Tt
BBa8as 26mn
foisl (aj=lsT 0oonooe | SoOoeco ocoeno!
a8 o000 2888888 | 8338800 8558558 | 5eaanes 2
R11 | 3888880 0000000 0004C00 | S630000 0000000 | 9000000 | 0a000ac
R1 | sseoooo [Jefalefule] §§§§§ osmscon OBESCCO | ESSe0000 | 8008000
{ talat o0 #0CDC0C [ MOOSD00
e SPasc00 8538288
aan080 Seaacos
001 288ma0s m:ngggn i
et OpooRno 88 | DoomoRs | Bao FEitet tat 866
sl 000 unuuglg 0OO®00S | 0000OE! A els=t 11 OO0DESN0
2838 BBASE0S | GRannos | 8330884 | B50B00 | AR0OS asa 8060880
R11 | Gonoooo 0000000 | 9600000 | 0O0O0AA § 00BAAAA | H000! BOoO0a0 0000000 | 0000000
A1 | Doooooo osoceao [ cososoo 2000000 ooooo | oonoooo
f={=]=1=]=ls]s] JOe0s00 DO0WCOC [sis(s1s]alaIe]
3086866 2280858 Freere] 650953
88RRe S8ams Sesanes
010 gogooon ottt
[=lsl=l=]=1=]5} 0Ccoo0oo
a0 &8A8600
22888 5353 585583 8588300 | 8356585 | 88mR0aE | 5588808
R11 | doooooc 0000000 000000 DgUDODB £000000 | 0DD0800 DSDUDUE
C felel 2 3 [=isjel=] leTe] fale] [als[vle]
R1 | SRBERse Sa8snes | amones 885ana2 | 8388882 1 28
[ qspsisisl 0] #00000C 1O 0 Qoa0oog | 0080000
SOCOBOE SOO000C | DODONOO 08Q0C00 | ONSsSNt
Iugiﬂgs f =la] Jalalal 8000000 | 0O000CC
oM WOWOCH O08CO00 = =|=T=}al=g 1=3
S80C008 08 | COR00DO oomOUC | DOOt c
#000008 @ | OCR000C QDOMO0C | Q000000
Fsferestets] Etsstontstel bfctoatstes 2| S8ma00s | oeaanes 2358802 | 9532505 | 5388552 | 3838008
R11 | 5300504z | 3050000 | 0a6a0as 0C0000C | 500008C | 0600060 0000CO0 | 5CO000C | 893CaCC | 060a00C
R1 | DCBSSsC | COSNEDD | Ssassar SESSASS | CCARSEO | SOCOOCE [ Jalalajslal J | Talelelalela} K Talululelal }
atCesos | sooooce 2068 | 9858300 | Sooonoe 235880 | AS6ea0 -u"”ggm“"
S00C0t - 000 { ADC00CC | MDCCO0E @0D0BD0C | BOOOOOC | 8D0BODH
100 0008 00 =gGDDUﬂ - WO DD% Iﬂﬂggg ggggg
Q0 ot 8000000 | @000 Jafelat ] 00800 | #5000C0 | @Conacs |
3W00000 | 8000008 00S00 | 28O0 jaisisie ) )QCOM0 | 000000 { MCOD00E Jslslslalel
L 5 = £5ccste | Sasaadd | Scucll 2
2000000 2600000 %Dﬂ 0000000 gt 0l S000000
R11 | doogoan 00! D00000a | dooonac 06000 SOO6000 | 000000 | 000DGEAC | 5000000
R1 | sesseec [ =alale] |00 WC000O8 0000Co0 | cessect | DOO8000
co® :ggg ‘USUS B%gil S00C0CC | ODOMOC | JO80R0C
f=f="] a {alals] o CWOD000 | C8Oa0Ca § COOORS0 D‘GS
.08 Q‘gﬂgg IDDOCOE 1=3 OM0C00E | DOMGCOT | OCGAOC | #005008
c 1008 | O 00000 | SOONDOC | OO0 100 | 0000000
101 folo ot 3 S8eoora | 850800 | SCR08SR | 8500560
{=1=} BOH Dﬂgc 1000 | DOCDDMS | 000K G | 0086000
Jsis) SEI 10 0G0 | 00000 | OO0 IC | 9000000
3 | 28 ©000000 | o S enoon | Soaa800 | 908000 | 8aaaas geeesco | 3888888 | o8samas | 2853050 | BReanse
R11 )0C | 0090000 | 000000 | 000DCOD | 50000048 | 0040000 | O Jelals] 10000 | G00000 2000000 | GO00N00 | 0000000 | 0OJ000O § 000000C
ool 0000000 000000 | Dol GOoDRoC | SoosEoC | 0000000 | BOODO0D | 000000 | CoopRoa 1a] Julelolalulsls R fu]
el i i e e e SOl |Beny At nmee
23 | Sasss: 8 ] 238aa2¢ | 528R2R3 | 3 0 | Bonsans | B38anos | Sonomes errcter
0080 S ICO80 | 0008000 | OC0oCen DOOmaC!
1o 0 Q00! 0008000 | 0800080 [SiatsT [stalad
10 L oot Qgoooen [={=]s]TeisISY
[T o = 0 IC | OOOSCOS | 0000080 600
I 2 | 58ac! 355080 2588858
R11 OGO000 o G { 0000500 | 0000000 | ooseant 0066050
felals] Jslalalelels] 0000DCO | DODO0Oo 0000 oot
m 8542883 3888835 5885565 | 8359955 | 5585800 | 8885588 S58m538 | 8389885
58 Besnnas 8555058 | aodatas | Snoncar | sasesss gegdade | s338eas
" aogeeEs E5| fanoen donas o e e
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ATTRIBUTES
Underline Blink Rate

Underline will be a single horizontal line at R11 The character blink rate is 1.875 Hz
Cursor Strike-Thru
Cursor will be a blinking reverse video block, The strike-thru will be a double line at

blinking at 3.75 Hz rows R5 and R6
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STANDARD MICROSYSTEMS

CORPORATION RT 8002-01

(5 X 7 ASCII)

CODING INFORMATION

CRT Video Display-Controller
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R12 | aiways filled with ones R12

R13 R13
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R15 R15 i

Underline

Underline will be a double horizontal line at R7 and R8

Cursor

Cursor will be a reverse video block

ATTRIBUTES

Blink Rate

The character blink rate is 1.875 Hz

Strike-Thru

The strike-thru will be a single horizontal line at R4
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STANDARD MICROSYSTEMS CRT 8002H

M PC FAMILY

:

CRT Video Display Attributes Controller
Video Generator

VDAC™

FEATURES PIN CONFIGURATION
[3 On chip character generator (mask programmable) VIDEO 1 hd [ 28 RETBL
128 Characters (alphanumeric and graphic) LD/SH 2 [} 27 CURSOR
7 x 11 Dot matrix block voc 3] M1 26 Mg
[J On chip video shift register A9 4C] [ 25 Ms1
Maximum shift register frequency 25 MHz Al 5O ) 24 BLINK
[J ROM Access time 310 ns = 0 25 v sYne
[J On chip horizontal and vertical retrace video blanking 10 -
[0 No descender circuitry required :i . 22 CHABL
O Four modes of operation (intermixable) g [ 21 REVID
Internal character generator (ROM) A5 9] ] 20 UNDLN -
Wide graphics A6 10 ] ] 19 STKRU z
Thin graphics A7 11 [ 18 ATTBE =
External inputs (fonts/dot graphics) Vee 127 I 17 GND =
[0 On chip attribute logic— character, field R2 13 O3 M 16 R <
Reverse video
Character blank R3 1403 15 R1
Character blink
Underline
Strike-thru
[J On chip cursor .
[0 Programmable character blink rate g 8“ ch!p add_ress buffer
. n chip attribute buffer
[0 Programmable cursor blink rate 045 ;
. volt operation
L] Subscriptable I TTL compatible
[J Expandable character set P

External fonts
Alphanumeric and graphic
RAM, ROM, and PROM

O N-channel COPLAMOS® Titanium
Disilicide Process
(J Compatible with CRT 5027/37 VTAC®

General Description

The SMC CRT 8002H Video Display Attributes Controller
(VDAC) is an n-channel COPLAMOS® MOS/LSI de-
vice. It contains a 7X11X128 character generator ROM,
a wide graphics mode, a thin graphics mode, an external
input mode, character address/data latch, field and/or
character attribute logic, attribute latch, four cursor
modes, two programmabile blink rates, and a high speed
video shift register. The CRT 8002H VDAC is a com-
panion chip to SMC’s CRT 5027/37 VTAC®. Together
these two chips comprise the circuitry required for the
display portion of a CRT video terminal.

The CRT 8002H video output may be connected directly
to a CRT monitor video input. The CRT 5027/37 blanking
output can be connected directly to the CRT 8002H
retrace blank input to provide both horizontal and
vertical retrace blanking of the video output.

The CRT 8002H attributes include: reverse video, char-
acter blank, blink, underline, and strike-thru. The
character blink rate is mask programmable from 7.5 Hz
to 1.0 Hz and has a duty cycle of 75/25. The underline

and strike-thru are similar but independently controlled
functions and can be mask programmed to any number
of raster lines at any position in the character block.
These attributes are available in all modes.

In the wide graphic mode the CRT 8002H produces a
graphic entity the size of the character block. The
graphic entity contains 8 parts, each of which is asso-
ciated with one bit of a graphic byte, thereby providing
for 256 unique graphic symbols. Thus, the CRT 8002H
can produce either an alphanumeric symbol or a graphic
entity depending on the mode selected. The mode can
be changed on a per character basis.

The thin graphic mode enables the user to create singie
line drawings and forms.

The external mode enables the user to extend the on-
chip ROM character set and/or the on-chip graphics
capabilities by inserting external symbols. These ex-
ternal symbols can come from either RAM, ROM or
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range

Storage Temperature Range

Lead Temperature (SOldering, TOSEC.) ... ... tut ittt +325°C

Positive Voltage on any Pin, with respecttoground ................ ... .. L +8.0V
Moontive Vinltane nn any Pin with recnent to aronnd -0 3V
“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.
NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or ‘‘glitches’” on their outputs when the AC power is switched on and off.
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility
exists it is suggested that a clamp circuit be used.
ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= ~5V 5%, unless otherwise noted)
Parameter Min. Typ. | Max. Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, V|, 0.8 \ excluding VDC
High-level, V|, 2.0 \ excluding VDC
INPUT VOLTAGE LEVELS-CLOCK
Low-level, V,, 0.8 \)
High-level, V\y 4.3 \' See Figure 6
OUTPUT VOLTAGE LEVELS
Low-level, Vg, 0.4 \Y lop =0.4 mA, 74LSXX load
High-level, Voy 24 Y loy=—20pA
INPUT CURRENT
Leakage, I, (Except CLOCK) 10 LA | 0<SViSVee
Leakage, I, (CLOCK Only) 50 uA 0<Vin<Vec
INPUT CAPACITANCE
Data 10 pF @ TMHz
LD/SH 20 pF @ 1MHz
CLOCK 25 pF @ 1MHz
POWER SUPPLY CURRENT
cc 100 mA
A.C. CHARACTERISTICS
See Figure 6,7
[ !
SYMBOL PARAMETER MIN. MAX. UNITS
vDC Video Dot Clock Frequency 1.0 25 MHz
PWy VDC—High Time 11.0 ns
PW_ VDC—Low Time 11.0 ns
tev LD/SH cycle time 310 ns
te ts Rise, fall time 9 ns
tser-up Input set-up time =0 ns
tholo Input hold time 15 ns
trol, teoo Output propagation delay 15 27 ns
t4 LD/SH set-up time 5 ns
o LD/SH hold time 5 ns
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STANDARD MICROSYSTEMS CRT 8002-018
CORPORATION (5 X 7 ASCII)

CODING INFORMATION

RT Video Display-Controller
Video Generator VDAC™
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ATTRIBUTES
Underline Blink Rate
Underline will be a double horizontal line at R7 and R8 The character blink rate is 1.875 Hz
Cursor Strike-Thru

Cursor will be a reverse video block 291 The strike-thru will be a single horizontal line at R4
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STANDARD MICROSYSTEMS

CRT 8002H

JLPC FAMILY

CRT Video Display Attributes Controller
Video Generator

'VDAC™

FEATURES PIN CONFIGURATION

[0 On chip character generator (mask programmabie) vibEO 1] ~ [ 28 RETBL
128 Characters (alphanumeric and graphic) LD/SH 2 [] 27 CURSOR
7 x 11 Dot matr.|x bIoF:k vpe 30 [ 26 Msp

[J On chip video shift register = ) 25 M1
Maximum shift register frequency 25 MHz Al s 5 24 BLINK

(] ROM Access time 310 ns = = 23 v SYNG

[J On chip horizontal and vertical retrace video blanking d -

O No descender circuitry required ﬁ ; 22 CHABL

O Four modes of operation (intermixabie) [C_: [ 21 REVID
Internal character generator (ROM) AS 9 [ 20 UNDLN
Wide graphics As 10 ] [ 19 STKRU
Thin graphics AT 11T [ 18 ATTBE
External inputs (fonts/dot graphics) Vee 12 ] ] 17 GND

[ On chip attribute logic—character, field R2 13 O3 ] 16 RP
Reverse video
Character blank Re 1404 1 15 Rt
Character blink
Underline
Strike-thru

[0 On chip cursor

O Programmable character blink rate
{0 Programmable cursor blink rate

O Subscriptable

(] Expandable character set
External fonts
Alphanumeric and graphic
RAM, ROM, and PROM

[0 On chip address buffer

[0 On chip attribute buffer

[J+5 volt operation

O TTL compatible

[0 N-channel COPLAMOS® Titanium
Disilicide Process

[0 Compatible with CRT 5027/37 VTAC®

General Description

The SMC CRT 8002H Video Display Attributes Controller
(VDAC) is an n-channel COPLAMOS® MOS/LSI de-
vice. It contains a 7X11X128 character generator ROM,
a wide graphics mode, a thin graphics mode, anexternal
input mode, character address/data latch, field and/or
character attribute logic, attribute latch, four cursor
modes, two programmable blink rates, and a high speed
video shift register. The CRT 8002H VDAC is a com-
panion chip to SMC’s CRT 5027/37 VTAC®. Together
these two chips comprise the circuitry required for the
display portion of a CRT video terminal.

The CRT 8002H video output may be connected directly
to a CRT monitor video input. The CRT 5027/37 blanking
output can be connected directly to the CRT 8002H
retrace blank input to provide both horizontal and
vertical retrace blanking of the video output.

The CRT 8002H attributes include: reverse video, char-
acter blank, blink, underline, and strike-thru. The
character blink rate is mask programmable from 7.5 Hz
to 1.0 Hz and has a duty cycle of 75/25. The underline

and strike-thru are similar but independently controlled
functions and can be mask programmed to any number
of raster lines at any position in the character block.
These attributes are available in all modes.

In the wide graphic mode the CRT 8002H produces a
graphic entity the size of the character block. The
graphic entity contains 8 parts, each of which is asso-
ciated with one bit of a graphic byte, thereby providing
for 256 unique graphic symbols. Thus, the CRT 8002H
can produce either an alphanumeric symbol or a graphic
entity depending on the mode selected. The mode can
be changed on a per character basis.

The thin graphic mode enables the user to create single
line drawings and forms.

The external mode enables the user to extend the on-

chip ROM character set and/or the on-chip graphics

capabilities by inserting external symbols. These ex-

ternal symbols can come from either RAM, ROM or
OM.
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MAXIMUM GUARANTEED RATINGS~

Operating Temperature RaNge .. ... ... .. 0°Cto + 70°C
Storage Temperature Range .. ... ... i -55°Cto +150°C
Lead Temperature (Soldering, 10 SEC.) . ... ... e e +325°C
Positive Voltage on any Pin, with respecttoground ... ... ... ... . .. +8.0V
Negative Voltage on any Pin. withrespectto around ... ... ... . ... . i i -0.3V

“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or “‘glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility
exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (TAa=0°C to 70°C, Vcc= + 5V 5%, unless otherwise noted)

Parameter Min. | Typ. | Max. Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, V. 0.8 \) excluding VDC
High-level, Viy 2.0 \ excluding VDC
INPUT VOLTAGE LEVELS-CLOCK
Low-level, V,, 0.8 )
High-level, Viy 43 \ See Figure 6
OUTPUT VOLTAGE LEVELS
Low-level, Vo 0.4 \ lor=0.4 mA, 74LSXX load
High-level, Voy 2.4 \ lon=—20pA
INPUT CURRENT
Leakage, I, (Except CLOCK) 10 A | 0SVinSVee
Leakage, | (CLOCK Onty) ) 50 HA 0=Vin=SVee
INPUT CAPACITANGE
Data 10 pF @ 1MHz
LD/SH 20 pF @ 1MHz
CLOCK 25 pF @ 1MHz
POWER SUPPLY CURRENT
lec 100 mA
A.C. CHARACTERISTICS
See Figure 6,7
T
SYMBOL PARAMETER MIN. MAX. UNITS
- vDC Video Dot Clock Frequency 10 25 MHz
PWy VDC—High Time 11.0 ns
PW, VDC—Low Time 11.0 ns
toy LD/SH cycle time 310 ns
t, e Rise, fall time 9 ns
tser-up Input set-up time =0 ns
tholo Input hold time 15 ns
teol, troo Output propagation delay 15 27 ns
t LD/SH set-up time 5 ns
t2 LD/SH hold time 5 ns
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

INPUT/
OUTPUT

FUNCTION

VIDEO

Video Output

0

The video output contains the dot stream for the selected row of the alpha-
numeric, wide graphic, thin graphic, or external character after processing by
the attribute logic, and the retrace blank and cursor inputs.

In the alphanumeric mode, the characters are ROM programmed into the
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top
row ( Rﬁ) and rows R12 to R15 are normally all zeros as is column C7. Thus, the
chardcier is deiined in ihe DOX bounded by Ri o Ri i and Of 10 56, Whnen a row
of the ROM, via the attribute logic, is paralle! loaded into the 8-bit shift-register,
the first bit senally shifted out is C7 (A zero; or a one in REVID). It is followed
by C8, C5, through C@.

The timing of the Load/Shift pulse will determine the number of additional
{— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4.
When the next Load/Shift pulse appears the next character’s row of the ROM,
via the attribute logic, is paraliel loaded into the shift register and the cycle
repeats.

LD/SH

Load/Shift

- The 8 bit shift-register parallel-in load or serial-out shift modes are established
hift

by the Load/ input. When low, this input enables the shift register for
serial shifting with each Video Dot Clock pulse. When high, the shift register
parallel (broadside) data inputs are enabled and synchronous loading occurs
on the next Video Dot Clock pulse. During parallel loading, serial data flow
is inhibited. The Address/Data inputs (A@-A7) are latched on the negative
transition of the Load/Shift input. See timing diagram, figure 7.

VvDC

Video Dot Clock

Frequency at which video is shifted.

311

AQ-A7

1 Address/Data’

In the Alphanumeric Mode the 7 bits on inputs (A@-A6) are internally decoded
|to address one of the 128 available characters (A7 =X). In the External Mode,
 AB-A7 iz used to insert an 8 bit word from a user defined external ROM, PROM
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A¢ A7 is
;used to define one of 256 graphic entities. In the thin Graphic Mode A@-A2 is
‘used to define the 3 line segments.

12

Vee

Power Supply

PS

+ 5 volt power supply

13,14,15,16

R2,R3,R1,R0]

Row Address

These 4 binary inputs define the row address in the current character block.

17

GND

| Ground

GND

" Ground

18

ATTBE

Attribute Enable
!

A positive level on this input enables data from the Reverse Video, Character

| Blank, Underline, Strike-Thru, Blink, Mode Select §, and Mode Select 1 inputs
.to be strobed into the on- chxp attribute tatch at the negative transition of
ithe Load/Shift pulse. The latch loading is disabled when this input is low.
: The latched attributes will remain fixed until this input becomes high again.
§To facilitate attribute latching on a character by character basis, tie ATTBE
{ high. See timing diagram, figure 7.

19

STKRU

Strike-Thru

| When this input is high and RETBL =0, the parallel inputs to the shift register
Iare forced high (SR@-SR7), providing a solid line segment throughout the

character block. The operation of strike-thru is modified by Reverse Video

(see table 1). In addition, an on-chip ROM programmable decoder is available

to decode the line count on which strike-thru is to be placed as well as to
| program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru
| decoder (mask programmable) logic aliows the strike-thru to be any number
| or arrangement of horizontal lines in the character block. The standard strike-
| thru will be'a double line on rows R5 and R6.

20

UNDLN

Underline

i When this input is high and RETBL =0, the parallel mputs to the shift register
" are forced high (SRB-SR7), providing a solid line segment throughout the
! character block. The operation of underline is modified by Reverse Video
| (see table 1). In addition, an on-chip ROM programmable decoder is available
to decode the line count on which underline is to be placed as well as to
program the underline to be 1 to N raster lines high. Actually, the underline
decoder (mask programmable) logic allows the underline to be any number
or arrangement of horizontal lines in the character block. The standard under-
line will be a single fine on R11.

21

REVID

Reverse Video

When this input is low and RETBL =0, data into the Attribute Logic is presented
directly to the shift register parallel inputs. When reverse video is high data
into the Attribute Logic is inverted and then presented to the shift register
parallel inputs. This operation reverses the data and field video. See table 1.

22

CHABL

Character Blank

When this input is high, the paralle!l inputs to the shift register are all set low,
providing a blank character line segment. Character blank will override blink.

The operation of Character Blank is modified by the Reverse Video input.
See table 1.

23

V SYNC

V SYNC

This input is used as the clock input for the two on-chip mask programmable
! blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the
' character blink rate (75/25 duty cycle) The divisors can be programmed from
+ 4to = 30 for the cursor (+ 8to + 60 for the character).

24

BLINK

Blink

| When this input is high and RETBL =0 and CHABL =0, the character will blink
- at the programmed character blink rate. Blinking is accompllshed by blanking

‘the character block with the internal Character Blink clock. The standard
i character blink rate is 1.875Hz.

25
26

MS1
Msg

Mode Select 1
Mode Select 8

MS1

MS@ MODE

[= N R

- O

cXierna.

o

Alphanumeric
Thin Graphics

Ext | Mode

Wide Graphlcs

EThese 2 inputs define the four modes of operation of the CRT 8002 as follows:
Alphanumeric Mode — In this mode addresses A@-A6 (A7=X) are in-
ternaily decoded to address 1 of the 128 available ROM characters. The
addressed character along with the decoded row will define a 7 bit output
from the ROM to be loaded into the shift register via the attribute logic.
Thin Graphics Mode — In this mode A@-A2 (A3-A7=X) will be loaded
into the thin graphic logic along with the row addresses. This logic will
define the segments of a graphic entity as defined in figure 2. The top of
i the entity will begin on row 0000 and will end on a mask programmable row.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. | SYMBOL

NAME

INPUT/
OUTPUT

FUNCTION

25

(cont.}

External Mode — In this mode the inputs A@-A7 go directly from “the
character latch into the shift register via the attribute logic. Thus the user
may define external character fonts or graphic entities in an external
PROM, ROM or RAM. See figure 3.

Wide Graphics Mode —In this mode the inputs AP-A7 will define a graphic
entity as described in figure 1. Each line of the graphic entity is determined
by the wide graphic logic in conjunction with the row inputs R@ to R3. In
this mode each segment of the entity is defined by one of the bits of the
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic
entities. These enhtles can butt up against each other to form a contiguous
pattern or can be interspaced with alphanumeric characters. Each of the

entities occupies the space of 1 character block and thus requires 1 byte

of memory.

These 4 modes can be mtermnxed ona per character basns

27 CURSOR

Cursor

When this input is enabled 1 of the 4 pre-programmed cursor modes will be
activated. The cursor mode is on-chip mask programmable. The standard cur-
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are:
Underline—In this mode an underline (1 to N raster lines) at the programmed
underline position occurs.
Blinking Underline—In this mode the underiine blinks at the cursor rate.
Reverse Video Block—In this mode the Character Block is set to reverse
video.
Blinking Reverse Video Block—In this mode the Character Block is set to
reverse video at the cursor blink rate. The Character Block will alternate
between normal video and reverse video.
The cursor functions are listed in table 1.

28 RETBL Retrace Blank | When this input is latched high, the shift register parallel inputs are uncon-
ditionally cleared to all zeros and loaded into the shift register on the next
Load/ pulse. This blanks the video, independent of all attributes, during
1 horizon’(al and vertical retrace time.
TABLE 1
CURSOR RETBL REVID CHABL UNDLN™ FUNCTION
X 1 X X X “0” S.R. All
0 0 0 0 0 D ' (§.R)Al
0 0 0 0 1 “1”  (S.R)*
: D (S.R.)Allothers
0 0 0 1 X “0” (S.R.)All
0 0 1 0 0 D (S.R)Al
0 0 1 0 i “0” (S.R)*
D (S.R.) Allothers
0 0 1 1 X “1”  (8.R,) All
Underline™ 0 0 0 X ‘“1”. (S.R)”
D (S.R.) Allothers
Underline* 0 0 1 X “1”  (S.R)*
“0” (S.R.) Aliothers
Underline* 0 1 0 X “0”  (S.R)*
: D (S.R.) Allothers
Underline* 0 1 1 X “0” (S.R.)*
“1”  (S.R.) All others
Blinking** Underline* 0 0 0 X “1”  (S.R.)* Blinking
D (S.R.)Allothers
Blinking** Underline* 0 0 1 X “1”  (S.R.)* Blinking
) “o” (S R.) All others
Blinking™** Underline* 0 1 0 X “0” - (S.R.)*Blinking
D . (S.R.)Allothers
Blinking™* Underline* 0 1 1 X “0”  (S.R.)* Blinking
“1”- (S.R.) All others
REVID Black 0 0 [4] 0 D (SR)Al
REVID Block 0 0 0 1 “0” (S.R)*
D (SR) AlI others
REVID Block -0 0 1 X “1” - (8.R.) A
REVID Block 0 0 0 1 “0” (S.R )*
D (S.R.) All others
REVID Block 0 1 0 0 D (SR )!\
REVID Block 0 1 0 1 “1”  (S.R.)
D (S.R.) Allothers
REVID Block 0 1 1 X “0” (S:R.)All
Blink** REVID Block 0 0 0 0
Blink** REVID Block 0 0 0 1
Blink** REVID Block 0 0 1 X Alternate Normal Video/REVID
Blink™* REVID Block 0 1 0 0 At Cursor Blink Rate
Blink** REVID Block 0 1 0 1
Blink** REVID Block 0 1 1 X
*At Selected Row Decode  **At Cursor Blink Rate

Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate.
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FIGURE 5
ROM CHARACTER BLOCK FORMAT
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EXTENDED ZEROS (BACK FILL)
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*COLUMN 7 IS ALL ZEROS (REVID = 0) f,\?g NUMEER S TROLLED

COLUMN 7 IS SHIFTED OUT FIRST BY L(D/§ﬁ, VDC TIMING)
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CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS.
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3 LINES*

3 LINES

3 LINES

3 LINES

ROW ADDRESS
0000

5 BITS**

FIGURE 1

WIDE GRAPHICS MODE
MSg=g¢ MS1=0

NBITS""

A7

A3

A6

A2

A5

Al

-

A4

Ao

RS

C7 C6 C5 C4 C3 C2 C1 C# BF BF--

rax xax

N\

i
NN

R3
R4

A

N
7

A3
D>

A6 //;2
\ Y4

N

R6 > >\
Z //,Asi:/\\<§?\\
R9 \\ N/ pg/

R1g A4
R11
N

a7 [ a6 [ s [ [ms]ae]a [ao]

“ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES
**CAN BE PROGRAMMED FROM 1 TO 7 BITS
***LENGTH DETERMINED BY LD/SH, VDC TIMING

EXAMPLE: 10010110

oy

L\
NN Z79 NN\ %4

R12

777

R13
7
r14 | NOTE: Unselected raster line rows.
are always filled with ones.
R15
BF =back fill
>
FIGURE 2 g
=
THIN GRAPHICS MODE 2
N'BITS MSg=g MS1=1 7 C6 C5 C4 C3 C2 C1 CF BF BF... “
— ROW 0000 RF
R1
. R2 Al
™ R3 v
RS ] /
R6 % )
R7 / ?
R8 /
R9
R18 %
PROGRAMMABLE R11 NOTE /
w2 W07
R13 .
R14 P
R15 i
lx lx | X I X I x 1A2 | A1Jﬂ . NOTE: When A1 ="*1", the underline
row/rows are deteted.
>‘<= DON'T CAHESE . When A1="0", the underline,
THE INSIDE SEGMENT IS MASK PROGRAMMABLE if selected, will appear.
* LENGTH DETERMINED BY LD/SH, VDC TIMING BF = back fill
FIGURE 3
EXTERNAL MODE
MSg=1 MS1=6
C7 C6 C5 C4 C3 C2 C1 C@ BF BF

R@ — R15 A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD| AT | A7

BF =back fill

299



FIGURE 4 TYPICAL VIDEO OUTPUT
1 2 3 4 5 5 7 8 1/9 2/1
vDC
1 I3 OBT[5ToT] ISTOT!  I56oT]
1N/SH J'F'ELEE'E(L); d . iRe!  fheo!
VIDEO DATA WW WWWWWW ; WW W W
8 DOT F"ELD A7 AG Ad A3 A2 Al A0 A7 AS A A3 Al g ‘ AU
VIDEO DATA
9 DOT FIELD
NOTE: C,, Alphanumeric )
x=character number External BF =back fill
y=column number X
XTAL
1l 74160
R R !
] | DOT CARRY
z E": | L:{‘;:: COUNTER
=N ] CHARACTER CLOCK
| CP( ) oce H sYNG |HORIZ.SYNC .
BI-DIRECTIONAL DATABUS _ 8 | 5]
7404 C 7404 7= bes-7 v sYNG | VERT- SYNG g
VIDEO DOT ~=-— ADDRESS BUS 4 S
CLOCK — ¢ SYNG g%ﬂgosm z
PAGE CHIP SELECT VTAC® BLANKING E
L) o JmAcs -
DATA STROBE CRT 5037 VIDEO
Ds ——
8 CHARACTER COLUMN
Koz HE-7
6 CHARACTER ROW
= DRB-5
- CHARACTER Re-3 CRV
DATA BUS T ADDRESS 3 §
L |BUS RASTER @
MICRO- ADDRESS BUS] | | S SCAN o
PROGESSOR = SELECTOR , COUNTER T
ITH Ascil
JCONTROLBUS| | 1L || | opTiONAL 3
HRr— wmemory DATA
MAPPING
CIRCUIT ATTRIBUTES VDAC™ RETRACE]|
(IF REQUIRED) Y CRT 8002H BLANKING|
ADDRESS VIDEQ DOT SERIAL '
ll CLoCK o OUTPUT
L *2-PORT RAM
"1 1Kx8 TO 4kx8 | _DATA
e [T Thow
2 ROl
s Y|  BUFFER DOT COUNTER CRT 5027 VTAC
llere *OR 1 PORT RAM CHARACTER CRT 8002 VDAC
B WITH BI-DIRECT CLOGK 4P CONFIGURATION
RAM & ROM
(FOR .P)
FIGURE 6 Vee l = VDC (to chip)
74SXX 5000
P exrernas CLK Qf————LD/SH (to chip)
74S74
LOAD/SHIFT exrernat D

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
a 3SSumed tor inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor

devices described any iicense under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS CRT7
% LPC FA394

Dot Matrix Character Generator

128 Characters of 7 x 11 Bits .- — . —

FEATURES
O0n chig character generator (mask programmable)
128 Characters
7 x 11 Dot matrix block PIN CONFIGURATION
[ On chip video shift register
Maximum shift register frequency NC 1( hd N 24 GND
CRT 7004A 20MHz SO 2( 0 23 PE
CRT 7004B 15MHz Vee 3(4 0 22 NC
CRT 70040 10MHz LS 4 E 0 21 vDC
Access tlmg .400ns ) PRST 5(4 b 20 cur
1 No descender circuitry required L eg 5 19 As
[ On chip cursor CLR 7( h 18 LI
1 On chip character address buffer L2 8d 5 17 A7
[0 On chip line address buffer L od 16 A6 >
[J Single + 5 volt power supply 18 10 O H 15 As g
[ TTL compatible A1 11 5 14 A4 =)
0 MOS N-channel silicon-gate COPLAMOS® process A2 12 O M 13 A3 @
1 CLASP® technology — ROM
[0 Compatible with CRT 5027 VTAC® PACKAGE: 24-Pin D.I.P.
O Enhanced version of CG5004L-1 :

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM

SMC’s CRT 7004 is a high speed charac-
ter generator with a high speed video

shift register designed to display 128 - Line Address
charactersina 7 x 11 dot matrix. The Line Strobe

CRT 7004 is an enhanced, pin for pin — ]
compatible, version of SMC’s CG5004L-1. ac

Itis fabricated using SMC’s patented {L
COPLAMOS® and CLASP® technologies C Decader |
and employs depletion mode loads, Address

allowing operation from a single +5v Strobe { }

supply. This process permits reduction of
turn-around time for ROM patterns.

The CRT 7004 is a companion chip to Character
SMC’s CRT 5027 VTAC®. Together these Address
two chips comprise the circuitry required | _ower case

Latch
Decoder

ol mo

for the display portion of a CRT video Inhibit
terminal. Cursor
Paralie!
Enavble 1
Clock —————'li Shift Register %irtlstr
Preset f

Clear
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MAXIMUM GUARANTEED RATINGS™

Operating Temperature RaNGE ... .......onitiuim it 0°Cto + 70°C
Storage Temperature Range ..o e -55°Cto +150°C
Lead Temperature (Soldering, TOSEC.) - .. ...ttt et +325°C
Positive Voltage on any Pin, with respect to ground +8.0V
Negative Voltage on any Pin, with respect to ground
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.
NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voitage spikes or “‘glitches’ on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility
exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V =5%, unless otherwise noted)

B Parameter Min. | Typ. | Max. | Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, V 0.8 \' excluding VDC
High-level, V|, 2.0 \Y excluding VDC
INPUT VOLTAGE LEVELS-CLOCK
Low-level, V. 0.8 \
High-level, Vi, 4.3 \ See AC Timing Diagram
OUTPUT VOLTAGE LEVELS
Low-level, Vo, 0.4 Y lor=0.4 mA, 74LSXX load
High-level, Vgou 2.4 \ lon=—20
INPUT CURRENT
Leakage, I, 100 nA Vin =0, LS, AS, A1-A7, Cursor LCI
10 uA 0=V =V¢c, All others '
INPUT CAPACITANCE
Data 10 pF @ 1MHz
PE 20 pF @ 1MHz
CLOCK 25 pF @ 1MHz
POWER SUPPLY CURRENT
cc 100 mA
CRT 7004A CRT 7004B CRT 7004C
SYMBOL PARAMETER UNITS
MIN. MAX. MIN. MAX. MIN. MAX.
vDC Video Dot Clock Frequency 1.0 1.0 15 1.0 10 MHz
PW, VDC —High Time 13.5 21 36 ns
PW, VDC —Low Time 13.5 21 36 ns
tcyAS Address strobe to PE high 400 533 800 ns
teylS Line strobe to PE high 1.0 1.0 1.0 us
t., t Rise, fall time 10 10 ns
t PE set-up time 5 20 20 ns
t, PE hold time 15 15 15 ns
ASpw Address strobe pulse width 50 50 50 ns
LSpyw Line strobe pulse width 50 50 50 ns
tserue Input set-up time =0 =0 =0 ns
thotp Input hold time 15 15 15 ns
toar, trdo QOutput propagation delay 60 90" ns
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

FUNCTION

-

NC

No Connection

SO

Serial Output

The output of the dynamic shift register is clocked out
on this pin. The serial input to this shift register is
internally grounded; thus zeros are shifted in while
data is shifted out.

VCC

Power Supply

+ 5 volt supply

LS

Line Strobe

A positive pulse on this input enters data from the L1,
L2, L4, L8 lines into the line address holding register.
The LS input may be left open, in which case it is pulled
up to V¢ by an internal resistor. Dataonthe L1to L8
inputs is then entered directly into the register without

anylatch 5=nhnn

5

PRST

Preset

Y
A high level on this input forces the last stage of the
shift register and the serial output to a logic high.

6,8,9,10

L1,L2,
L4,L8

Line Address

A binary number N, on these four inputs address the Nth
line of the character font for N=1—11. Iflines 0, 12, 13,
14 or 15 are addressed, the parallel inputs to the shift
register are all forced low.

CLR

Clear

A high level on this input forces the last stage of the shift
register and the serial output to alogic low and will be
latched (for a character time) by PE. Clear overrides
preset.

11-17

A1-A7

Character Address

The seven-bit word on these inputs is decoded internally
to address one of the 128 available characters.

18

LCI

Lower Case Inhibit

A high level on this input transforms the address of a
lower case character into that of the equivalent upper
case character. This is internally achieved by forcing
A6 low whenever A7 and LCl are high.

19

AS

Address Strobe

A positive pulse on this input enters data from the A1-A7,
LCI and CUR inputs into the holding register. The AS
input may be left open, in which case it is pulled up to
V¢ by an internal resistor. The data on the A1-A7, LCI
and CUR inputs is then entered directly into the register
without any latching action.

20

CUR

|
|
—

Cursor*

A high level on this input causes the cursor pattern to be
superimposed on the pattern of the character addressed,
i.e., the two patterns are OR-ed to generate the parallel
inputs to the shift register. The standard cursor is
presented as a double underscore on rows 10 and 11.

21

Clock

Frequency at which video (SO) is shifted.

No Connection

23

Parallel Enable

A high level on this input loads the word at the output of
the ROM into the shift register. The PE input must then
be brought low again to allow the shift register to clock
out this word.

24

Ground

Ground

r—PWt->1

>
z
=
=
w
i
o

H i . 4.3v
i
__i/ i i 0.8v

- el o

— 20v

Lo W/// 7) i 2@0&
SO (video) X o;w

P

AC TIMING DIAGRAM
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] | DoT CARRY
o CHARACTER CLOCK
=N R s
F CP( ) s H sYNG | HORIZ.SYNG .
7404~ 7ans BI-DIRECTIONAL DATA Bus(. 8 : v sy BT 3 §
VIDEO DOT ADDRESS BUS 4 =
COMPOSITE
CK AB-3 4
cLo : W AB- ¢ sYNC HEE 5
PAGE CHIP SELECT cs a1 |BLANKING =
LOGIC t 2
DATA STROBE VIDEO
DS ——
. 8 CHARACTER COLUMN
b a— HE-7
7=
6 CHARACTER ROW
R 7 DRE-5
- CHARACTER RE-3 CRV a
DATA'BUS ADDRESS ”y S
BUS RASTER e
MICRO- ADDRESS BUS| | | SZ SCAN E
PROCESSOR SEbVEI%on nscll 7 COUNTER E
cONTROLBUS| [ || || | optionAL 3
J aiE MEMORY DB/LTSA
SiRcuIT RETRACH
(FROM 5027) (IF REQUIRED) | BLANKING
ADDRESS VIDEQ DOT SERIAL
INTERRUPT CLOCK OUTPUT
TO 4P "
rouare || || | zromrame ] oura
DATA IN RAM)
o] CHARACTER 5ot TIMING
A o eorem DOT COUNTER CRT 5027 VTAC
D/'\JA OR CRT 7004 VDAC
- ‘OR 1 PORT RAM CHARACTER P CONFIGURATION
WITH BI-DIRECT CLOCK #
RAM & ROM PORT
(FOR ,P)
Ad. Al 0000 0001 0010 0011 0100 0101 one ont 1000 1001 1010 o 1100 101 110 nn

A7..A5 C6...C0 | C6...C0 | C6...C0 | C6...CO C6...C0 | C6..CO

R1 snsnsan gomanoe gogoooo| aoooooo
0000060 angpeas
83833868 | SBARaaa
Go000om| 5OGO000
000 go8ooms| Somseog
a
a GODE0D
® Sooeaca
H a ] - asese |ORCO0G0| SuesERe SeAo00G
9000000 | 9680050 | 0800000 000 ©00000¢ | 006009 | aguaoac 0000060
R | 5000900 | a5aa0a0 uuunn.uanunuu 9000000 | 0000040 | 8630000 o06000a
A1 ‘DoDDo0g ERE e
000
ORECORG | a0ow0ae
GuRoEOC | G0oRGa0
SOOSG0G | Cosesun
001 oot 000003 | i
gGacoo DOCWEAE | 0D
el C |3 SHgoBoE | aS0000A | So080ag | o
3 o3 0 | goumaoo JeistatTotaie} . =
D00000C { 5800230 3588858 8288880 fettEielerer] ettt e et 00000 C | 0O0000%
R1t | 5600856 [ 5658640 45a600C | 0660008 0000000 2020000 | 8063006 | 3050038 0000000 | 66B00GE | 9669000 | 0600888
R1 | 2099900 ooosgog JCWIDoD o00a00
Gogmana C | S0GRSCG BO0
gooeang o goocoan
Soomana Tatalat
010 JStrsafata 2ogf
gogogna & aa
Jelsfsterstolsy ti7s! ag
boomoag 08
0860863 0086885 ag
R 9050Gea 0000300 0
R1
Co
00
Fd
ot DEC
1o} sasenes oo oCC
SooEmO0 0G0000T 008
i il i
R11 5500000 £a00000 acc
R1 T 0 50
a0 o
a0
fsts]
55 =il
100 =
o8
og 0
5250008 | 8555568 | 5385880 55 gsecanes |88
A1t | 5p000a6 | 9900000 3360080 ©o6o0as 08 0608000 | 0000000
A1 i g Coooo on 0000D0C | oowemao | coowcoo | aooodos
G G0GGE! =t ®g0000c | gooumac | oomowan | o
Jofat Caccomc ) 800000 G| g
Jorat SomcwoC a0 Jotst 1erat o
8a GOORDGH 5u0 o
101 ag a |
Jotat GO0Q0NG o
aa gagaooe ai
C | O ooowg: B00a6a0 e
A1t 0 | O 06055a0 000000 gl
00 | D5 2009668 0G0C0a | 5a06E6E o
E 252 e e EE e P e s
o0 | ag 00 Fisferie) o =]
AF = : Ege
10 fats] 00 & o
3G | - 00 g =
ac| 2 00 c| o ]
=k o o saoecc
Q! g
A1 981 8
R1 0o} 0
Qg | o
0g [ o
o
o
m 9 &
. gagacce g 5
It G
806000 0aonoan| & g
R1! | ma0cooa 0000000 | 6Eareaa| 8 £aogasa C

*CONSULT FACTORY FOR CUS

w=
o
AL

OM FONT AND CURSOR OPTION.




1 2.3 4 5 6 7 1/82/1

= [ 3
PE Gl st CU . ke Al &
e | [aren 5
AS il TR [T 7 - [ B
LS

Y o S A A S S A

PRESET . I
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SO VIDEO §
8 DOT FIELD :
BF = BackFill
TYPICAL VIDEO OUTPUT
Vee = CLK (to chip)
74SXX 5000
CP exreena - CLK Q}—————— PE (to chip)
74874
LOAD/SHIFT EXTERNALT 1 D
NOTE
The differences between the CRT 7004 and CG5004L-1 are detailed below:
CG5004L-1 CRT 7004
1. If both the Preset and Clear inputs are 1. Clear overrides Preset, no output disable is
brought high simultaneously the Serial possible.
Output is disabled and may be wire-ORed.
2. All Inputs Viy = Ve — 1.5v 2. Allinputs (except CLK) V}, = 2.0v, min.
CLK V), = 4.3v, min.
3.80Vo=0.4v@ lo. = 0.2mA 3. SO VoL = 0.4v @ lo, = 0.4mA 74LSXX load
4. Shift Register is static 4. Shift Register is dynamic
5. Clear—directly forces the output low; when 5. Clear directly forces the output low and will
released, the output is determined by the be latched (for a character time) by PE.
state of the shift register output. .
6. General Timing Differences—See Timing 6. General Timing Differences—See Timing
Diagram Diagram
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STANDARD MICROSYSTEMS CRT 7004-003

(5 X 7 ASCII)

CODING INFORMATION

Dot Matrix Character Generator

A3..A0 | o000 0001 0010 0011 0100 o101 o1 o 1000 1001 1010 w0n 1100 1101 110 1
#6..A4 C6...c0 [ Cs..c0 [ cs...C0 cs...C0 | C6...C0 c6...c0
R1 ooonoog =] jelalw[=la} BDIDDUD O | CooDoO!
0000000 [ Iulalale) gu] =]
j=l=lslsls]u]s] 0| CusmO0C 0
i :
000 Bogno6a ooewcon a
D0oocong slejs] Tajela) =]
866a00! gooooea S ferc4
sana000 Jarsisteterels} 5805008
oooococ 0800000 2808900
Ri1 | dogoooa SoE0600 5800000
os ac 000
R L1 ]e} 298
560
22
001 t
Ssasann o0 255 | 8
00000nDa oocooco DDDL‘]GUD 8090009 000
ghoEee gy 2| S b 5 | e
R11 00pooao | O 0cococoa 0000000 0000000 30000430
0 | cCoDED00 000 copoog
Rt | Bea88R0 | Aa0s6as s 8885E88
DODOCCO | CODEDAD | OWOWO00 D0
Eenlemes o fde
010 8328828 | BR28E5:E | 555a580 | San 20
6586550 | Goowans | oaoae0s | GRaRaos | Soscooe
Q000a0o | 000000Aa | 900Q0Y90 | 000Q000 | BAOOdan
000000G | DEO0COT | 9680000 | 0000000 | 0aadaa
0080000 | 0000003 | 0900000 | 0O0D00Qg | 0000000
R 00000aC | 0ODAUnd | 060C00E | 8908000 00g008s
) Cwmmono Coopoon
25C0RCo goBEane
et
on ®OO000
1
850000
A1 00000a0 | 0500600 00000 | Ot 00 =1
0000000 | BO0DON 00000ac | 0o00o0ap 0000000 00o0ood
R1 Oomoonn | seesa00 BEBANOC | DNERSO00 | BODOEOO | DeSE0CC ®Q00000 Dmsa00c
W0oCO00 =)
100 BESES SERSE8R | 855
=l =000083 OSSan0n | O is]
J0gaoog Qoooaaa ODDDDDD
9000000 0000000 2000000 | Ot oot
A1 Jslsislsls/als] 0000000 [=jsisis]a]s]s} 0a0oooa DDDDDQD
0000co0 0000000 8000000 0000000 000000t | 0050000 | DO0a000
] o msevasco ‘Doooooo Cogoooo
i % tammes Eamsaescosnoce
101 {sisla} oisls T DOR0000
Sl S e Smt el
101 #000800 | 0ON0000 o0 DIOIDO DoOsCo00 ®B0OD00a DODEROO
gammasE | BSenca3 | B8ARSS8 | 8282557 | S8HERAR | BRGsmcS | A3RCosS (AssEsSS | amassnd fesitereero) ot
0O00000 | 6000000 | DO00EA0 | 96000060 | 600a00a | G00G0AG DDDDOSS 0000000 | Ge00000 DGDUSES [s{slelulalele]
R11 8000000 | Q000000 | 000900d | 000400 000a000 | A00D60N | 000G 000000C | DOCO0OS ‘000D 2000000
000C0Aaa | 6ac0000 | 000000Jd | 003000 | 00CC0Sd | 0000AC0 | 0800000 | 0000000 | B0000AC | 0000000 | 0000000 | 0000O00 | G00000A | 00D0aao
‘000000 | ona 9999800 | nooanoo | aooecoo [ ooo ‘m000000 Oomwno00] DOoo00D 0000
Rl 8238858 (588808 gggeoac | domonos n..E".SS 553000 | 838008 |8 £3=0006 | 883308 | 8933858 285858
ASSN00 10800 EEDO ED Qlﬂg%g O g Dﬂiﬂggg IROSO00 | . ol
-nnm“'“u“u Ssnanod 2388550 83868a8
110 D =) DOWDO00 BO®0000
1= 0 | CESm000 0 | Oees000 Osss00g
DDDDDED 0000000 000000 ©Ooooog
jel=l=]ulol 0000a0a 00 | 00000a0 0 | 20CDaoa
RN aoear 000000g | ooogo: o | oeaoo0g DODOgo0 | O
nono D000O000 | 000000% 0000000 000000a | 0DO0000
R1 0oooopg
800850
0 | Of
SWO0000 Dﬂlﬂﬂ
BOO0000 | DEeE! ossasnn
i '”SSEES et
2888000 OsENl
Q000000 3
nmﬂﬂngﬂﬂ SESDSDE UBUODD
R o |Geaanoe Q060000 0060000 0a00000 0080000 |

The Cursor for the CRT 7004-003 is presented as a double underscore on Rows 8 and 9.
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STANDARD MICROSYSTEMS

s
:

CRT 9006-135

CRT 9006-83

JMPC FAMILY

Single Row Buffer

FEATURES:

[ Low Cost Solution to CRT Memory Contention Problem

[0 Provides Enhanced Processor Throughput for CRT
Display Systems ]

(I Provides 8 Bit Wide Variable Length Serial Memory

[0 Permits Active Video on All Scan Lines of Data Row

[ Dynamically Variable Number of Characters per Data Row —

...64, 80, 132,...up to a Maximum of 135
[ Cascadable for Data Rows Greater than 135 Characters

[ Stackable for Invisible Attributes or Character
Widths of Greater than 8 Bits

[ Three-State Outputs
0 3.3MHz Typical Read/Write Data Rate
[ Static Operation

] Compatible with SMC CRT 5037, CRT 9007, and other
CRT Controllers

(0 24 Pin Dual In Line Package
0 +5 Volt Only Power Supply
O TTL Compatible Inputs and Outputs

O Available in 135 Byte Maximum Length (CRT 9006-135)
or 83 Byte Maximum Length (CRT 9006-83)

SRB

PIN CONFIGURATION

pouts .+ Y 24P ano
DouUT2 ]2 23 J DOUT4
DOUT1 (] 3 22 -] DOUTS
DOUTS (] 4 21 [7] pouTs
CLK 5 20 [) DOUT?
WREN []6 19 [ OF
CLRCNT (]7 18 [ OF
CKEN (8 17 [ DIN?
DING ]9 16 [ DING
DIN1 ] 10 15 [7] DINS
DiN2 ] 11 14 [7] DIN4
DIN3 []12 13 [ +s5v
Package: 24-pin D.I.P.

APPLICATIONS:

[ CRT Data Row Buffer

[ Block-Oriented Buffer

[ Printer Buffer

[0 Synchronous Communications Buffer
[ Floppy Disk Sector Buffer

GENERAL DESCRIPTION

The SMC Single Row Buffer (SRB) provides a low cost solu-
tion to memory contention between the system processor and
CRT controller in video display systems.

The SRB is a RAM-based buffer which is loaded with character
data from system memory during the first scan line of each
data row. While data is being written into the RAM it is also
being output through the multiplexer onto the Data Ouput

(DOUT) Lines. During subsequent scan lines in the data row,
the system will disable Write Enable (WREN) and cause data
to be read out from the internal RAM for CRT screen refresh,
thereby releasing the system memory for processor access
for the remaining N-1 scan lines where N is the number of
scan lines per data row. The SRB enhances processor through-
put and permits a flicker-free display of data.

CLACNT

BIN7-0

“WAITE DATA & I
L
i N oA !
P T
c i
M

Q ‘ =
OE
CLK ADDT.
CKL;D—-— ' |
ADDRESS i AAM [ —
! COUNTER 1 135K8
‘ [ READ oATAj
| o 3-STATE
1 '
! ADDE | ocrat oL B
i | 2101 N T A U
| | “mox o T £ SouT7-0
J— WRITE _ J | u e F
WHEN T - i T H E
R

|
|
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION
1-4 DATA OUTPUTS DOUT3-DOUT® | Data Outputs from the internal outout latch.

5 CLOCK CLK Character clock. The negative-going edge of CLK clocks the
latches. When CKEN (pin 8) is high, CLK will increment the
address counter.

6 WRITE ENABLE WREN When WREN is low, data from the input latch is transferred directly
to the output latch and simultaneously written into sequential
locations in the RAM.

7 CLEAR COUNTER CLRCNT Anegative transition on CLRCNT clears the RAM address counter.
CLRCNT is normally asserted low near the beginning of each
scan line.

8 CLOCK ENABLE CKEN When CKEN is high, CLK will clock the address counter. The
combination of CKEN high and WREN low wili allow the writing
of data into the RAM.

9-12 DATA INPUTS DIN@-DIN3 Data Inputs from system memory.

13 POWER SUPPLY Vee +5 Volt supply.

14-17 DATA INPUTS DIN4-DIN7 Data Inputs from system memory.

18 OVERFLOW FLAG OF This output goes high when the RAM address counter reachesits
maximum count. If cascaded operation of muitiple CRT 9006's is
desired for more than 135 bytes, OF may be used to drive the
CKEN input of the second row buffer chip.

19 OUTPUT ENABLE OE When OE is low, the data outputs DOUT@-DOUT? are enabled.
When OE is high, DOUT@-DOUT?7 present a high impedance
state.

20-23 DATA OUTPUTS DOUT7-DOUT4 | Data Outputs from the internal output latch.

24 | GROUND GND Ground.

OPERATION

For CRT operation, the Write Enable (WREN) signal is
made active for the duration of the top scan line of each
data row. Clear Counter (CLRCNT) typically occurs at
the beginning of each scan line (HSYNC may be used as
input to CE]-*%N' T). Data is continually clocked into the
input latch by CLK. When Clock Enable (CKEN) occurs,
the data in the input latch (Write Data) is written into the
first location of RAM. At the negative-going edge of the
next clock, the address counter is incremented, the next
input data is latched into the input latch, and the new data
is then written into the RAM. Loading the RAM continues
until one clock after CKEN goes inactive or until the

RAM has been fully loaded (135 bytes). While data is
being written into the RAM, it is also being output through
the multiplexer onto the Data Output (DOUT) lines. Each
byte is loaded into the output latch one clock time later
than it is written into the RAM. Output of the data during
the first scan line permits the Video Display Controller
(such as the CRT 8002) to display video on the first scan
line. During subsequent scan linesinthe datarow, the sys-
tem will disable Write Enable (WREN) and cause datatobe
read out from the internal RAM, thereby freeing the sys-
tem memory for processor access for the remaining N-1
scan lines where N is the number of scan lines per datarow.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . .....o.oni i i i ittt it ie it 0°Cto+ 70°C
Storage Temperature RANGE . ...t iiniiiiii ittt ieie e cia it aaneas -556°Cto+150°C
Lead Temperature (SOIAering, 10 SEC.) . .uuu ettt it eiistanrtianasesssesteoonenenesnneenns +325°C
Positive Voltage on any Pin, with respecttoground ....... ..ot e +8.0V
Negative Voltage on any Pin, with respecttoground ... e -0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (Ta=0° C t0 70° C, Voe = +5 £5%, unless otherwise noted)

PARAMETER MIN | TYP | MAX | UNITS COMMENTS
DC CHARACTERISTICS
Input Voltage Levels
Low Level Vi 0.8 \'
High Level Vi 20 \
Output Voltage Levels
Low Level VoL 0.4 \ lo.=2mA
High Level Vou 24 Y lon =—100uA
Input Current 10 LA 0<=Vin<\Vcc
Leakage, I
Output ‘1’ Leakage 10 HA
Output ‘0’ Leakage 10 LA
(Off State)
Input Capacitance
30 45 pF
All other inputs 10 15 pF z
Power Supply Current =]
lec (SRB-135) 115 mA ]
lcc (SRB-83) 100 mA ®
AC CHARACTERISTICS
te
’ (SRB135) 300 | 250 ns
(SRB83) 400 | 330 ns
tex
(SRB135) 240 | 190 | DC ns
(SRB83) 320 | 250 | DC ns
t‘CKH
(SRB135) 28 5000 ns
(SRB83) 34 5000 ns
texr
(SRB135) 10 ns tckn = 28ns
(SRB83) 10 ns tekn = 34ns
texr
(SRB135) 10 ns teke =240ns
(SRB83) 10 ns tax =320ns
toser 65 | ns
torHoLp 0 ns
tenckp 0 ns
tenckn ,
(SRB135) 100 | ns
(SRB8J) 125 | ns
tenHoLo (U ns
WRCKN :
(SRB135) ‘ 100 ! ns
(SRB83) i 125 ns
twenHLD : 0 - l ns
toour | 175 | ns CL=50pF
trson : I 175 ns
trsorF ! : { 175 | ns
toron : i - 175 © ns CL=30pF
tors ‘ ‘
(SRB135) . 100 | ns
(SRB83) 125 | | ns
torn 0 i ns
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FIGURE 1: AC CHARACTERISTICS
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FIGURE 2: SINGLE ROW BUFFER READ TIMING
ck _} K M K K [ ; }J—i K K]

CHAR ADDRESS
(HO = 15t VISIBLE CHaR) ___<ADDRMAXX HO X Hi X__H_Z_)Cm
$

WREN /7 =

77 o S ——
e— CLK ! $ %

CKEN {min.) > N

[r—
CLRCNTﬁ(—(‘_\ //77777777777777777722777777777§

ADDRESS COUNTER _%
uNTERNAL) ZZZ7 777777777777 ) _ADDRG _/ ADORT \_ADDR2 ADDR N_/ADDRNT

(LAST ADDR)

READ DATA )(3

RDG RD1 RD2
Notes: N = 134 FOR CATo006-135  (INTERNAL) X X
N = 82 FOR CAT9006-83 THREE- RS HREE
tan = 1GLK PERIOD (min)  DOUT?0 7777777 777777772~ grsee —< DATAT X DRTAT X__§ § X BATAN-UX DATAN et
CAST DATA!{
oF 3

FIGURE 3: SINGLE ROW BUFFER WRITE TIMING

ck_[} M M X xR t 5 S I S R
CHAR ADDRESS
{HO = 151 VISIBLE CHAR) ____)XADDRMAXX " HO HI Ha X H3 )d
DIN7-6 X < DATA § < _DATA T X _DATA 3 X DATAS % § e P e

WREN 7777 % : e — e ————
-~ 2K
CKEN (min) V I

e XX Wb X wot X woe X4 mC
x<—|c\'u _.'

SURONT N~ (777777777711 IITZTTITITIIIIIITS I7 77711 ITTTITTTTI7T.

ADDRESS

(INTléJFlN EL) ADDRE _/ADDRT \_ADDR2 /¢ ADDR. / ADDRw
LI 777 DR
DOUT7-0 THREE —a7AG >

Notes N 134 FOR CRT9006-135
8 FOR CRT9006-83
= 1 CLK PERIOD (min.)

aF
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Lie

PROCESSOR
uP/uC

MEMORY

HLDA
HOLD
‘ADDR____DATA ROWR
;D DECODE &5 TSC RS INT
T
o
j CRT CONTROLLER Re M
ADDRESS BUS VA13-0
< (CRT 5037, CRT 9007,...) GBLANK 0
|
vs T
< > < VD7-0 9
o VLT SL3 SL2 SL1_SL@CURS COLK
A
T
A 2
w
B § 2=
U ? SiE poT
B of% CLOCK
T Fla GENERATOR
Slo
° L2
CLRCNT CKEN CLK R3 R2 Rl RO CURSOR VSYNC RETBL ‘3
LD/SA +
ouT? ATTRIBUTES voe i
CRT o005 POVTT-0 :
CRT8002 ‘
SINGLE TAS® ;
ROW BUFFER !
oE L)o—GND
s B T |
OF f—» VIDEO —————!————»Moﬁgon

FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFéR

SECTION V




FIGURE 4:
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION

S Sy T R N N O O I O B B B
MEMORY ADDRESS —— AT X AT X A2 X A3 X { X P X A X )X e X s X[ 77777 TTTITITTTTITTTITITS 37X A8 X AT
i —/\ IV
, {3

CIRCNTx, s —/ 3 &“\\ 1} /

DOUT7-0a THREE-STATE --‘ XY O X Dz X D) DN/ THREE-STATE \

CKEN,

OF = CKENs {; ¢ A\ X % !
THREE-STATE
DOUT-0s 43— Dner D 5{ }

Notes: N = 134 FOR CRT9006-135
N = 82 FOR CRT9006-83
EXAMPLE IS FOR N+3 CHARACTERS TOTAL
A, B REFER TO DEVICES A&B IN FIGURE 5

FIGURE 5:
TYPICAL CASCADE OF SINGLE ROW BUFFERS —270 BYTES TOTAL

DATA OUT TO CHARACTER GENERATOR )

CLRCNT — CLRCNT
DOUT7-0
WREN DOUT7-0 WREN
CLK CLK
CKEN ROW BUFFER OF CKEN ROW BBUFFER OF |—
A —
OE p—ov OE o—O0V
DATA INPUT FROM MEMOR\D DIN7-0 o8 >| DIN7-0
CRT 9006-135 CRT 9006-135

tions; consequentiy complete information sufficient for construction purposes is not necessarily given. The

STANMRD M|CROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
35 s S ouomae N TS0 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
We keep ahead OF OUr COMpEXItion so you can keep ahead of yours. at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

CRT 9212

Data Row

[J Dynamically Variable Number of Characters
per Data Row—...64, 80, 132,...up to
aMaximum of 135

[ Cascadable for Data Rows Greater than
135 Characters

] Stackable for “Invisible Attributes”
or Character Widths of Greater than 8 Bits

[Z] Three-State Outputs
[J Up to 4 MHz Read/Write Data Rate

[0 Compatible with SMC CRT 5037, CRT 9007,
and other CRT Controllers

[J 28 Pin Dual-In-Line Package
J +5 Volt Only Power Supply
D TTL Compatible

GENERAL DESCRIPTION

The CRT 9212 Double Row Buffer (DRB) provides
a low cost solution to memory contention between the
system processor and the CRT controller in video dis-
play systems.

The CRT 9212 DRB is a RAM-based buffer which
provides two rows of buffering. It appears to the sys-
tem as two octal shift registers of dynamically vari-
able length (2-135 bytes) plus steering logic.

The CRT 9212 permits the loading of one data row

while the previous data row is being displayed. The
loading of data may take place during any of the scan
line times of the data row. This relaxed time-con-
straint allows the processor to perform additional
processing on the data or service other high priority
interrupt conditions (such as a Floppy Disk DMA
request) which may occur during a single video scan
line. The result is enhanced processor throughput and
flicker-free display of data.
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g_____,_f—_—_w— LLPC FAMILY
FEATURES
PIN CONFIGURATION
[ Low Cost Solution to CRT Memory
Contention Problem DNz 1] Y 28 DIN3
b o
[ Provides Enhanced Processor Throughput for N1 205 (27 @ LK
CRT Display Systems o s [ 26 OF
DOUT7 4] 3 25 WEN2
[0 Replaces Shift Registers or Several RAM and DouTs 57 [ 24 WEN1
Counter IC’s in CRT Display System DOUTS 6 [ 23 GND
DOUT4 7] ) 22 ROF -
[J Permits Display of One Data Row While Next Vee 8 ) 21 WOF =
Data Row is Being Loaded DOUT3 9] 20 REN 5
DOUT2 10 ) 19 CLRCNT &
(] Data May be Written into Buffer at Less Than DOUTI 11 [ 18 TOG
the Video Painting Rate DOUTO 12 ] EJ] 17 RCIK
DIN7 13 716 DIN4
[J Double Data Row Buffer Permits Second Data DING 14 F 15 DINS
Row to be Loaded Anytime during the Display
of the Preceding Data Row PACKAGE 28-pin D.I.P.
- [J Permits Active Video on All Scan Lines of



ADDRESS RAM 1
COUNTER 1 |__ADDR7-0 135x8

!

————I—J‘ >} VO CONTROL : )
k L
OCTAL A 3 STATE :>
DIN7-0 T 21 - T
ﬁ MUX ﬁ DRIVER DOUT7-0
By [FISSN S—
fe——— TOG
fe—————— CLRCNT
ADDRESS j¢——— OE
COUNTER 2 E_} fosxs RCIK
‘ fe———— RCIK
READWRITE [ REN
CONTROL | wor
e WENT1
be—————— WEN2
FIGURE 1: - RoF
CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM > WOF

ex 1 LF U U 4 W
I A A

INTERNAL 1
GLRCNT \ ' oy .
1

REN /
INTERNAL / n

REN
INTERNAL
RAMEAAI[J)I))H 7/X  ApbDRo X ADDR1 X ADDR2 x ADDR3 x XADDR133{ADDR 134 7

R

)( 2 x IMP!
DOUT7-0 HIGH IMPEDANCE DATAO x DATA1 X DATA 2 DATA 132m)ATA 133XDATA 134, HIGH IMPEDANCE
ROF % b /
W

FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING
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DESCRIPTION OF PIN FUNCTIONS

PINNO. |[NAME SYMBOL | FUNCTION

3-0, 28, DINO-DIN7

16-13

Data inputs

DINO-DIN7 are the data inputs from the system memory.

DOUTO-
DOUT?

12-9,7-4 | Data outputs

DOUTO0-DOUT?7 are the data outputs from the CRT 9212 internal data output
latch. Valid information will appear on DOUT0-DOUT7 two RCLK periods after
the rising edge of REN. This introduces two pipeline delays when supplying data
to the character generator.

17 Read Clock RCLK

RCLK increments the current “read” address register, clocks data through the
“read” buffer and moves data through the internal pipeline at the trailing edge.

18 Toggle Signal TOG

TOG alternates the function of each buffer between read and write. TOG nor-
mally occurs at every data row boundary. Switching of the buffers occurs when

19 Clear Counter CLRCNT

TOG is active.

Clear Counter clears the current “read” address counter at the next RCLK posi-
tive edge. CLRCNT is normally asserted low at the beginning of each horizontal
retrace interval. CLRCNT clears the current “write” address counter when the

20 Read Enable REN

REN enables the loading of data from the selected “read” buffer into the output
latch. Data is loaded when Read Clock is active.

21 Write Overflow WOF

WOF high indicates that data is being written into the last memory position (posi- .
tion 135). When WOF is high, further writing into the selected “write” buffer is dis-
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT
9212 for cascaded operation where data row lengths of greater than 135 charac-
ters are desired. See figure 4.

22 Read Overflow ROF

The Read Overflow output is high when data is being read from the last memory
position {position 135). ROF high disables further reading from the selected
“read” buffer. ROF may be connected to the REN input of a second CRT 9212 for
cascaded operation where data row lengths of greater than 135 characters are
desired. DOUTO-7 will switch into a high impedance state at the second positive
transition of RCLK after ROF goes high. See figure 4.

24,25 Write Enable WEN?1,

WEN2

WEN allows input data to be written into the selected “write’” buffer during WCLK
active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an
internal pullup resistor allowing it to assume a high if pin 24 is left open.

26 Output Enable OE

When the OE input is low, the data outputs DOUT0O-DOUT? are enabled. When
OE is high, DOUT0-DOUTY present a high impedance state. OE has an internal
pulldown resistor allowing it o assume a low if pin 26 is left open.

27 Write Clock WCLK

WOCLK clocks input data into the selected “write” buffer and increments the cur-
rent “write” address register when WEN1 and WEN2 are high.

8 Power Supply Vee + 5 Volt supply

23 Ground GND Ground

OPERATION

Figure 1 illustrates the internal architecture of the CRT
9212. It contains 135 bytes of RAM in each of its two buff-
ers. In normal operation, data is written into the input latch
on the positive-going edge of Write Clock (WCLK). When
both Write Enable (WEN1, WEN 2) signals go high, the next
WCLK causes data from the input latch to be written into
the selected buffer (1 or 2) and the associated address
counter to be incremented by one. Loading of the selected
RAM buffer continues until WEN goes inactive dr until the
buffer has been fully loaded. Atthe next data row boundary,
the Toggle Signal (TOG) will go low. When Clear Counter
(CLRCNT) goes low, the next Read Clock (RCLK) will begin
to reset both buffer address counters to zero, switching the
buffer just loaded from a “write buffer” to a “read buffer”,
permitting the next row of data to be written into the other
buffer. Data from the current “read” buffer is read out of the
buffer and to the output latch whenever Read Enable (REN)
is high during a Read Clock (RCLK). Each read-out from

the buffer RAM causes the “read” address counter to be
incremented. REN is normally high during the entire visible
line time of each scan line of the data row. CLRCNT resets
the present “read” address counter. The negative edge of
CLRCNT is detected by the CRT 9212 and the internal “read”
address counter is cleared independent of the CLRCNT
pulse width. The CLRCNT input may be tied to the REN
input for proper operation.

Figures 2 and 3 illustrate the functional timing for reading
and writing the CRT 9212. It is possible to cascade two or
more CRT 9212’s to allow for data storage greater than 135
bytes by employing the read overflow (ROF) and write
overflow (WOF) outputs. Figure 4 illustrates two CRT 9212's
cascaded together.

The CRT 9212 is compatible with the CRT 9007 video
processor and controller (VPAC™) and the CRT 8002 video
display attributes controller (VDAC™). A typical video
configuration employing the three parts is illustrated in
figure 5.
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MAXIMUM GUARANTEED RATINGS*

Operating TemPerature RaNGE . . .. ... .ut ittt ettt et araeans 0°Cto +70°C
Storage Temperature RaNge .. ... ...ttt i i e e —-55°Cto +150°C
Lead Temperature (SOIAering, 10 S€C.) . . . .. ..ottt tt ittt e +325°C
Positive Voltage on any Pin, withrespecttoground . ... ... e +8.0V

Negative Voltage on any Pin, withrespecttoground ........... .o e .. =03V

* Hho o ~ abana mn bl
Qiroccoc ahowao thoeo licted may cause narmanent domanss to Hha davians This in o steass =oii 5 v”‘, and funcliona! uycnanvn Sfihe

device at these or at any other condition above those indicated in the operatlonal sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (T, =0°C {0 70°C, Voo = + 5V = 5%)

PARAMETER MIN TYP MAX UNITS COMMENTS
DC CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level V. 0.8 \
High Level V,,;, 20 v excluding RCCK; WCLK
High Level Vi, : 4.2 1 RCLK, WCLK
OUTPUT VOLTAGE LEVELS
Low Level Vo, 0.4 v
High Level Vo, 2.4 \
INPUT LEAKAGE CURRENT
High Leakage I,,., 10 nA excluding OE
Low Leakagel,., 10 pA excluding WEN1
High Leakage I, 400 pA WEN1
Low Leakage |, 400 pA OFE
INPUT CAPACITANCE
Ch 10 pF excluding RCLK, WCLK
Cune 15 pF RCLK, WCLK
POWER SUPPLY CURRENT
oo 100 mA
AC CHARACTERISTICS'
tovw 300 ns Write clock period
tovm 300 ns Read clock period
texu 247 DC ns
o 33 ns
toxn 10 ns measured from 10% to 90% points
texe 10 ns measured from 90% to 10% points
tos 50 ns referenced to
ton 0 ns referenced to WCLK
teniz 0 ns
teno2 100 ns
ten2 0 ns
tov 175 ns C, = 50 pF; referenced from RCLK
toorr 175 ns
toon 175 ns
tore 175 ns C. = 30pF
tes 100 ns
ten 0 ns
tors ow

1 - Reference points for all AC parameters are 2.4V high and 0.4V low.

2 - For REN, referenced from RCLK; for WEN1 or WEN2 referenced to WCLK.

3 - For ROF, referenced from RCLK; for WOF referenced from WCLK.

4 - Atleast 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN (= WEN1-WEN2).
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FIGURE 6: CRT 9212 I/O TIMING
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FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING

WEN 2 9212
QO RCLK “A”
—0 WCLK
REN
DOUT7-0f
ROF
WOF

DoUT7-0 [

FIGURE 4: CRT 9212 CASCADED CONFIGURATION
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS
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STANDARD MICROSYSTEMS

oo
:

CRT 8021
CRT 8021-003

UPC FAMILY

CRT Vldeo Attributes Controller
Video Gmrator
VAC

FEATURES

[JON CHIP VIDEO SHIFT REGISTER
Maximum shift register frequency —20MHz
Maximum character clock rate—2.5MHz

[JON CHIP HORIZONTAL AND VERTICAL RETRACE
VIDEO BLANKING

[0 ON CHIP GRAPHICS GENERATION

[0 ON CHIP ATTRIBUTE LOGIC-CHARACTER, FIELD
Reverse video
Character blank
Character blink
Underline
Strike-thru

[0 ON CHIP BLINKING CURSOR
0J ON CHIP DATA BUFFER

CJON CHIP ATTRIBUTE BUFFER
J +5 VOLT OPERATION

O TTL COMPATIBLE

[OMOS N-CHANNEL SILICON-GATE COPLAMOS®
PROCESS

PIN CONFIGURATION

VIDEO 1 (O hd 28 RETBL

LD/SH 2 ] ] 27 CURSOR
vDO 3 (] ] 26 MSO
AD 4 ) 25 Ms!
Al 5 ] ) 24 BLINK
A2 6 ) 23 VSYN
A3 7 O ) 22 CHABL
A 8 — 21 REVID
A5 9 ) 20 UNDLN
A6 10 ] ™) 19 STKRU
AT 11 O [ 18 ATTBE
Voo 12 — 17 GND
R2 13 (] ) 16 RO
R3 14 ) 15 R1

0 COMPATIBLE WITH CRT 5027/37 VTAC® AND
CRT 9007 VPAC

GENERAL DESCRIPTION

The SMC CRT 8021 Video Attributes Controiler (VAC)
is an n-channel COPLAMOS® MOS/LSI device. It con-
tains wide and thin graphics logic, attributes logic, a
data latch, field and character attribute latch, a blinking
cursor, and a high speed video shift register. The CRT
8021 VAC is a companion to SMC’s CRT 5027/37 VTAC®
or CRT 9007 VPAC. The CRT 8021 and a character ROM
combined with either a CRT 5027/37 ora CRT 9007 com-
prises the major circuitry required for the display portion
of a CRT video terminal.

The CRT 8021 video output may be connected directly
to a CRT monitor video input. The CRT 5027/37 or
CRT 9007 blanking output can be connected directly to
the CRT 8021 retrace blank input to provide both horizon-
tal and vertical retrace blanking of the video output.

A blinking cursor is available on the CRT 8021. There isa
separate cursor blink rate which is twice the character
blink rate and has a duty cycle of 50/50.

The CRT 8021 attributes include: reverse video, character
blank, blink, underline, and strike-thru. The character
blink rate has a duty cycle of 75/25. The underline and
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strike-thru are similar but independently controlled
functions. These attributes are available in all modes.

The thin graphic mode enables the user to create single
line drawings and forms.

In the wide graphic mode the CRT 8021 produces a
graphic entity the size of the character block. The graphic
entity contains 8 parts, each of which is associated with
one bit of a graphic byte, thereby providing 256 unique
graphic symbols. Thus, the CRT 8021 can produce either
alphanumeric symbols or various graphic entities
depending on the mode selected. The mode can be
changed on a per character basis.

The CRT 8021 is available in two versions. The CRT 8021
provides an eight-part graphic entity which fills the
character block. The CRT 8021 is designed for seven dot
wide, nine or eleven dot high charactersin nine by twelve
or ten by twelve character blocks.

The CRT 8021-003 provides a six part graphic entity for
five by seven or five by nine charactersincharacterblocks
of up to seven by ten dots.




BLOCK DIAGRAM
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STRIKE THRU ——=

VIDEO DOT CLOCK

LOAD/SHIFT
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FIGURE 1
AC TIMING DIAGRAM
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MAXIMUM GUARANTEED RATINGS*
Operating Temperature Range ... ..ottt ittt et eeii e aneanenns 0°Cto+ 70°C

Storage TemperatureRange ...........c.c.oiiiiiiiiiiiiniian.. P —55°C to +150°C
Lead Temperature (SOldering; 10S€C.) ..ottt ettt ettt e e ettt ettt +325°C
Positive Voltage on any Pin, with respecttoground .......... ..ot +8.0V
Negative Voltage on any Pin, with respecttoground ......... ..o i, —0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in the
operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off.

———ln-addition;voltage transients-on-the AC power line-may-appear on the DCoutput: 1f this possibitity "~
exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vec = +5V 5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, Vi, 0.8 \ excluding VDC
High-level, Viu 2.0 : \' excluding VDC
INPUT VOLTAGE LEVELS-CLOCK
Low-level, Vi 0.8 \
High-level, Vin 43 \ See Figure 7 -
OUTPUT VOLTAGE LEVELS =
Low-level, Vo 0.4 \' lo.=0.4 mA, 74LSXX load 5
High-level, Von 24 v lon=—20 LA a
INPUT CURRENT
Leakage, I (Except CLOCK) 10 UA 0=Vin=Vcc
Leakage, I. (CLOCK Only) 50 MA O0=Vin=Vee
INPUT CAPACITANCE
Data 10 pF @ 1MHz
LD/SH ‘ 20 pF @1MHz
CLOCK 25 pF @ 1MHz
POWER SUPPLY CURRENT
lec 100 mA
A.C. CHARACTERISTICS
See Figure 6, 7
RT 8021
SYMBOL PARAMETER CRT 802 UNITS
MIN. MAX. :
VvDC Video Dot Clock Frequency 1.0 20 MHz
PWy VDC —High Time 15.0 ns
PWL VDC—Low Time ) 15.0 ns
tov LD/SH cycle time 400 ns
t, ts Rise, fall time 10 ns
tset-up Input set-up time =0 ns
thop Input hold time 15 ns
teoi, troo Output propagation delay 15 50 ns
ts LD/SH set-up time 10 ns
ta LD/SH hold time 5 ns
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

INPUT/
OUTPUT

FUNCTION

VIDEO

Video Output

o]

The video output contains the dot stream for the selected row of the wide graphic, thin
graphic, or external character after processing by the attribute logic, and the retrace
blank and cursor inputs.

The timina of the Load/Shift oulse will determine the number of additional (— —.
zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4.

When the next Load/Shift pulse appears the next character via the attribute logic, is
parallel loaded into the shift register and the cycle repeats.

LD/SH

Load/Shift

The 8 bit shift-register parallel-in load or serial-out shift modes are established by
the Load/Shift input. When low, this input enables the shift register for serial
shifting with each Video Dot Clock pulse. When high, the shift register parallel
(broadside) data inputs are enabled and synchronous loading occurs on the next
Video Dot Clock pulse. During paralle! loading, serial data flow is inhibited. The
Address/Data inputs (AD-A7) are latched on the negative transition of the
Load/Shift input. See timing diagram, figure 1.

vDC

Video Dot Clock

Frequency at which video is shifted.

4-11

AB-A7

Address/Data

In the External Mode, AG-A7 is used to insert an 8 bit word from a user defined
external ROM, PROM or RAM into the on-chip Attribute logic. In the wide Graphic
Mode AB-A7 is used to define one of 256 graphic entities. In the thin Graphic
Mode AQ-A2 is used to define the 3 line segments.

12

Ve

Power Supply

PS

+5 volt power supply.

13, 14,15,16

R2, R3,R1, RO

Row Address

These 4 binary inputs define the row address in the current character block.

17

GND

Ground

GND

Ground

18

ATTBE

Attribute Enable

A positive level on this input enables data from the Reverse Video, Character Blank,
Underline, Strike-Thru, Blink, Mode Select 8, and Mode Select 1 inputs to be strobed
into the on-chip attribute latch at the negative transition of the Load/Shift pulse.
The latch loading is disabled when this input is low. The latched attributes will remain
fixed until this input becomes high again. Tofacilitate attribute latching on a character
by character basis, tie ATTBE high. See timing diagram, figure 1.

19

STKRU

Strike-Thru

When this input is high and RETBL = 0, the parallel inputs to the shift register are
forced high (SR@-SRY), providing a solid line segment throughout the character
block. The operation of strike-thru is modified by Reverse Video (see table 1). The
strike-thru is a double line on rows R5 and R6 for the CRT 8021 and a single line on
row R4 for the CRT 8021-003.

UNDLN

Underline

When this input is high and RETBL = 0, the parallel inputs to the shift register are
forced high (SRD-SR7), providing a solid line segment throughout the character
block. The operation of underline is modified by Reverse Video (see table 1). The
underline is a single line of R11 for the CRT 8021 and a single line on R8 for the
CRT 8021-003

21

REVID

Reverse Video

When this input is low and RETBL = 0, data into the Attribute Logic is presented
directly to the shift register parallel inputs. When reverse video is high data into the
Attribute Logic is inverted and then presented to the shift register parallel inputs.
This operation reverses the data and field video. See table 1.

22

CHABL

Character Blank

When this input is high, the parallel inputs to the shift register are all set low, provid-
ing a blank character line segment. Character blank will override blink. The operation
of Character Blank is modified by the Reverse Video input. See table 1.

23

V SYNC

V SYNC

This input is used as the clock input for the two on-chip blink rate dividers.
The cursor blink rate (50/50 duty cycle) will be twice the character blink rate
(75/25 duty cycle).

24

BLINK

Blink

When this input is high and RETBL = 0 and CHABL = 0, the character will blink at
the character blink rate. Blinking is accomplished by blanking the character
block with the internal Character Blink clock. The character blink rate is 1.875 Hz
when V SYNC =60 Hz.

MS1
MS0

Mode Select 1
Mode Select @

MS1

MSe MODE

o = O

Thin Graphics
Character Mode
Wide Graphics

These 2 inputs define the three modes of operation of the CRT 8002 as follows:
Thin Graphics Mode— In this mode AB-A2, (A3-A7 = X) will be loaded into the thin
graphic logic along with the row addresses. This logic will define the segments
of a graphic entity as defined in figure 6.

Character Mode —In this mode the inputs A@-A7 go directly from the character latch
into the shift register via the attribute logic. Thus the user may define external charac-
ter fonts or graphic entities in an external PROM, ROM or RAM. See figure 3.

Wide Graphics Mode — In this mode the inputs AG-A7 will define a graphic entity as
described in figure 5. Each line of the graphic entity is determined by the wide graphic
logic in conjunction with the row inputs R@ to R3. In this mode each segment of the
entity is defined by one of the bits of the 8 bit word. Therefore, the 8 bits can define any
1 of the 256 possible graphic entities. These entities can butt up against each other to
form acontiguous pattern or can be interspaced with alphanumeric characters. Each
of the entities occupies the space of 1 character block and thus requires 1
byte of memory.

These 3 modes can be intermixed on a per character basis.

27

CURSOR

Cursor

When this input is enabled the cursor will be activated. The cursor will be a blinking(at
3.75 Hz when V SYNC =60 Hz) reverse video block. In this mode the Character Block is
set to reverse video at the cursor blink rate. The Character Block will alternate between
normal video and reverse video.

28

RETBL

Retrace Blank

When this input is fatched high, the shift register parallel inputs are unconditionally
cleared to all zeros and loaded into the shift register on the next Load/Shift puise. This
blanks the video, independent of all attributes, during horizontal and vertical retracetime.
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TABLE 1

CURSOR . . RETBL REVID CHABL UNDLN* FUNCTION
X 1 X X X “0”  (S.R)AI
0 0 0 0 o] D (S.R.) All
0 0 0 0 1 “1”  (S.R)*
D  (S.R.)Allothers
0. 0 1] 1 X “0” . (S.R)AI
0 0 1 0 0 D (SR)AIl
0 0 1 0 1 “0”  (S.R)* :
. D (S.R.) All others
0 0 1 1 X “1”  (S.R.)Al
__Blink**BEVIDBlock 0 0 0 o e
Blink** REVID Block 0 0 0 1
Blink** REVID Block 0 0 1 X Alternate Normal Video/REVID
Blink** REVID Block 0 1 0 0 At Cursor Blink Rate i
Blink** REVID Block 0 1 0 1
Blink** REVID Block 0 1 1 X

*At Selected Row Decode  **At Cursor Blink Rate
Note: If Character is Blinking at Character Rate, Cursor will change it o Cursor Blink Rate

FIGURE 2
TYPICAL CHARACTER MODE BLOCK FORMATS
CRT 8021 ROWS|R3 R2 R1 R0 CRT 8021-003
(ALLZEROS)-=0 0 0 0 0 0 0 0 — — RO |0 O 0 O 0 0.0 0 0 0 0 O =
008" 0 0 d° @ 0j— — R |Oo 0 0 1 0fo"0 0 0 010 O z
0lo 0 0 0 0 0 0l—— R |0 0 1 O 0l0-0 0 0 0,0 O g
0,0 0 00 00 0;—— R |0 O 1 1 010 0 0 0 0l0 © &
clo 0 0 0 0 0 Ol— — R4 (0O 1 0 O 0Jo o 0 0 0j0 O
0ojo 0 0 00 0 0j—~— R [0 1 0 1 010 0 0 0 0l0 ©
610 0 0 0 0 0 O|— — R6E O 1 1 0 olo o 0 0 0j0 O
olo o0 o0 0o 0o 0o 0l— — RZT jO 1 1 { 010 0 0_0_ 010 0
0 { 0 0 0 0 0 O o:— — R8& {1 0 0 O 0 00 0 0 0 0 0
010 0 0 0 0 0 0,—.— RO |1 0 O 1 00 00 0 0O0 O
olo o o000 01— — RIP|1T O 1 0O 00000 O0O0O
0100 0 0 0 0 O0!l— — R11T[1 0 1 1 0 00 00 00 O
0 000 0 0 06 0 — — RI2[1T 1 0 0 0 0000 00O
0 0000 0 0 0 — — RIB|1T 1 0 1 0 0 00 0 O0 03O
(ALLZEROS) S 6 o 0 0 0 0 0 0 — — RI4|1 1 1 0 0 0 0 0 0 0 0 O
0 0000 0O O — — RI5([1 1 1 1 0 000 0 O0 0O
C7C6C5C4 C3C2C1 CO — — C7Cs C5 C4 C3 C2 C1 CP
EXTENDED ZEROS (BACK
FILL) FOR INTERCHARACTER
SPACING (NUMBER
CONTROLLED BY LD/SH,
COLUMN 7 IS SHIFTED OUT FIRST VDC TIMING)

Note: Dotted line shows typical character display area.

FIGURE 3

CHARACTER MODE
MS@ =1MS1=0

C7 C6 C5 C4 C3 C2 C1 Ce BF BF

RO—R15 A7 | A6 | A5 | A4 | A3 | A2 | A1 | AB | AT | A7

BF = back fiil
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FIGURE 4. TYPICAL VIDEO OUTPUT—CHARACTER MODE

102 3 4 5 & 1. 8 13 21
vDC
— IEEET IS reEER T
LD/SH ! L | e | BElD ] iFED! LFiELD)
VIDEQ DATA

8 DOT FIELD IA7]A6|A5!AA[A3IA2|A1lAOIAT[AG]A5IA4|A3|A2|A1|A0]A7[A6]A5l

VIDEO DATA

9 DOT FIELD [aras[as sl el mam ol larfmlaslaclasaelalan]a]a]

FIGURE 5

WIDE GRAPHICS MODE
MSG =0 MS1=0

5BITS"* NBITS™"

ROW ADDRESS

3 LINES® — a7 a3 | CRT 8021

3LINES 26 P T e
C7 C5 C5 C4 C3 C2 C1 OFf BF BF

3 UNES a5 a1

R3
R4

A6
RS N\

3 LINES A4 Ad : / A7// \>3\Q
’—‘ R // /A&\\\
NN

[ ML
[arlae[asTacJasJae]m[ae] :: //’\57//\/\1\\

"ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES Re N
**CAN BE PROGRAMMED FROM 1 TO 7 BITS R18 \\A4 \/ //
***LENGTH DETERMINED BY LD/&H, VDC TIMING

HINNNZZ,

NN

EXAMPLE: 10010110 R12 \\\\‘\\ ////

oy R13

CRT 8021-003

C7 C6 C5 C4 C3 C2 C1 Cf

R12{ Note:R11-RiSare
always filled with ones.

ni3
iy, R | T weys iod wiin omes. R14
RIS A1s
- BF =back fill
FIGURE 6
THIN GRAPHICS MODE
N BITS MSG =0 MS1 =1
— ROW 0000
CRT 8021 CRT 8021-003
»s C7 C6 C5 C4 C3 C2 G CF BF BF.. G7 C6 C5 C4 C3 C2 C1 GF BF
AZ 728 - 2
A1 | R1
R2 7 | R2
R3 i
R4 V)i :: A
e | m v,
R : .
R7 | R7
RO | R8 Al
— PRO E R9 | R9
ROW R1g ] R
R11 NOTE ! A1
12 /Al | R12
A13 i R13
R14 : : Ri4
J-J A1s

lex'xlx[x]»\z]ml,\o] s

X=DON'T CARE When A1="0", the underline,

* THE INSIDE SEGMENT IS MASK PROGRAMMABLE il selected. will appear
TO ROW 0000 BF = back fill

* LENGTH DETERMINED BY LD/SH. VDC TIMING

NOTE: When A1 ="1", the underline
row/rows are deleted.
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FIGURE 7

= VDC (to chip)

CLK QF————=LD/SH (to chip)
74874
LOAD/SHIFT exrernac D
FIGURE 8 §
TYPICAL CRT 8021 CONFIGURATION @

FOR COMBINED CHARACTER AND GRAPHICS MODES

—N ;‘HREéE-
STAT RT CONTROLLER

—| oriver FROM CRT CC

r Y

RETRAGCE
l_j R3-R0 BLANKING CURSOR
e (N

T~
I I
I CHARACTER
SYSTEM RAM | I-——_—__-> ROM [VIDEO _  TO
OR A | R3-RD 4 VAC MONITOR
SINGLE OR | T | FROM CRT CRT 8021
DOUBLE ROW C CONTROLLER
BUFFER I H
| 7o mse
| [ATTRIBUTES (RV, CB, CBLANK, ATTEN,STKTU, MS1)}
L_J
11
VIDEC DOT CLOCK
*LATCH MAY OR MAY NOT BE REQUIRED DEPENDING ON SYSTEM TIMING. CHARACTER CLOCK
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XTAL
] L
a LT R L] I
A DOT
COUNJ o CHARAGTER CLOCK
| | cp(? ) pee H SYNG PHRBIZ SYNC
7404 C 7404 BI-DIRECTIONAL DATA BUS “ 8 o827 v synG |VERT.SYNC
— EE———
VIDEO DQT == ADDRESS BUS 4
CLOCK 7= a3 € SYNG gg&ﬁgosns
PAGE CHIP SELECT VTAC BLANKING
LOGIC CS  CRTS5027 8L
DATA STROBE s VIDEO
8 CHARACTER COLUMN
o 2 HB8-7
6 CHARACTER ROW
K~ DRB-5
. - CHARACTER RO-3 CRV o
DAYA BUS QSgRESS 4 RASTER SCAN COUNTER %
o
MICRO- ADDRESS BUS| | | <7 z —— b
PROCESSOR " S r/L\ | VIDEO DATA 8 5
|controLBus| LI IL | opiomaL — LA L cm;zggrsn = i3
SR MeMORY cT
hé?:ngG ASCII —':-‘-—' VAC RETRACE]
(IF REQUIRED) DATA v CRT 8021 BLANKING|
ADDRESS VIDEQ DOT SERIAL
U 7 &tock o OUTPUT
L] *2-PORT RAM
1Kx8 TO 4K x8 r
CHARACTER 5 S TIMING
- N FRAME | Al  ATTRIBUTES FROM
~Y BUFFER 7 T3 DOT COUNTER
DATA 1 C OR
N *OR 1 PORT RAM TH CHARACTER
2 CLOCK

RAM & ROM
(FOR nP)

WITH BI-DIRECT
PORT

*Latch may be required depending on system timing.

FIGURE 9. CRT 8021 TYPICAL 1P CONFIGURATION (CHARACTER MODE ONLY)

HOLINOW LHO OL

ense under the patent rights of SMC or athers. SMC reserves the right to make changes

We keep ahead of our competition soyou can keep ahead of yours.  at any time in order to improve design and supply the best product possible.

tions; consequentty complete information sufficient for construction purposes is not necessarily given. The
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor
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STANDARD MICROSYSTEMS

e —
:

CRT 9021A
CRT 9021B

JLPC FAMILY

CRT Video Attributes Controller

VAC |

FEATURES
O On chip video shift register
Maximum shift register frequency
CRT 9021A 30 MHz
CRT 9021B 28.5 MHz

[1 On chip attributes logic
Reverse video
Character blank
Character blink
Underline )
Full/half intensity

[] Four modes of operation
Wide graphics
Thin graphics
Character mode without underline
Character mode with underline

1 On Chip logic for double height/double
width characters

[ Accepts scan line information in parallel
or serial format

O Four cursor modes dynamically selectable via2
input pins
Underline .
Blinking underline
Reverse video
Blinking reverse video

O Programmable character blink rate

PIN CONFIGURATION

Do 1 >~ besoi
MSO 2 727 D2
MS1 30 N 26 D3
REVID 4(] " Qo5 D4
CHABL 5(] []24 D5
BLINK 6(] 1323 D6
INTIN 7(] 022 D7
+5V 8(Q n21 VSYNC
ATTEN 9(] 720 GND
INTOUT 10(J 119 SLO/SLD
CURSOR 11 0 18 SL1/SLG
RETBL 120 117 SL2/BLC
[D/SH 130 116 SL3/BKC
VIDEO 140 115 VDC
PACKAGE 28-pin D.LP.

[0 Programmable cursor blink rate

[J On chip data and attribute latches

[ + 5 volt operation '

O TTL compatible

[ MOS n-Channel silicon gate COPLAMOS® process
[] Compatible with CRT 5037 VTAC®; CRT 9007 VPAC

GENERAL DESCRIPTION

The SMC CRT 9021 Video Attributes Controiler
(VAC) is an n-channel COPLAMOS MOS/LSI device
containing Graphics logic, attributes logic, data and
aftributes latches, cursor control, and a high speed
video shift register. The CRT'9021, a character gen-
erator ROM .and a CRT controller such as the CRT
9007 provide all of the major circuitry for the display
portion of a CRT video terminal. '

The CRT 9021 serial video output may be con-
nected directly to a CRT monitor’s video input. The
maximum video shift register frequency of 28.5 MHz
or 30 MHz allows for CRT displays of up to 132 char-
acters per data row.

The CRT 9021 attributes include: reverse video,
underline, character blank; character blink, and full/
half intensity selection. In addition, when used in con-
junction with the CRT 9007 VPAC ™ the CRT 9021 will
provide double height or double width characters.

Four programmabile cursor modes are provided on
the CRT 9021. They are: underline, blinking under-

line, reverse video character block, and blinking
reverse video character block. When used in the serial
scan line input mode, the cursor mode may be selected
via two input pins. When used in the parallel scan line
input mode, the cursor mode is a mask program option
and is fixed at the time of manufacture.

Two graphics modes are provided. in the wide

_graphics mode, the CRT 9021 produces a graphic
entity the size of the character block. The graphic entity
contains eight parts, each of which is associated with
one bit of the input byte, thereby providing 256 unique
graphic symbols. The thin graphics mode enables the
user to create thin line drawings and forms.

In both graphics modes, continuous horizontal and
vertical lines may be drawn. Additional flexibility is
provided by allowing the mask programming of the
placement and dimensions of the blocks or lines within
a character block. In the thin graphics mode, mask
programming allows serrated horizontal or vertical

~ lines. -
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— 'SERIAL SCAN LINE]
SHIFT REGISTER
D7-D0 > L DI7-D10 N 4
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FIGURE 1: CRT 9021 BLOCK DIAGRAM

DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

1,28, 27, 26,
25, 24, 23,
22

Data

D7-DO

In the character mode, the data on these inputs is passed through the Attributes
logic into the 8 bit high speed video shift register. The binary information on D7
will be the first bit output after the LD/SH input goes low.

In the thin or wide graphics mode these 8 inputs will individually controi the on/off
condition of the particular portion of the character block or line drawing. Figures 2
and 3 iilustrate the wide and thin graphics modes respectively and their
relationships to D7-D0

Mode Select 0
Mode Select 1

MSO0
MS1

These 2 inputs define the four modes of operation of the CRT 9021 as follows:
MS1, MSO = 00; Wide graphics mode

10; Thin graphics mode

01; Character mode without underline

11; Character mode with underline

See section entitled Display Modes for details.

o

Reverse Video

REVID

When this input and Retrace Blank (RETBL) are both low, data from the
Attributes and Graphics logic is presented directly to the video shift register.
When this input is high and RETBL is low, the Attribute and Graphics logic will
invert the data before presenting it to the video shift register.

Character blank

CHABL

When this input is high, the parallel inputs to the video shift register are all set low
(or high depending on the state of REVID) thus providing a constant video level
for the entire length of the character block.

Blink

BLINK

When this input is high and both the RETBL and CHABL inputs are low, the char-
acter will blink at the programmed character blink rate. Blinking is accomplished
by causing the video to go to the background level during the “off” portion of the
Character Blink cycle. This video level may be either the white or black level
depending on state of REVID. The duty cycle for the character blink is 75/25 (on/
off). This input is ignored if it coincides with the CURSOR input and the cursor is
formatted to blink.

Intensity In

INTIN

The INTIN input along with the INTOUT output provides a user controlled general
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay
as that from any other attribute input to the serial video output (VIDEO). By using
an exlernal mixing circuit, it is possibie o raise or iower the voitage ievei of the
video output to produce such atiributes as “half intensity” or "intensity”.
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DESCRIPTION OF PIN FUNCTIONS CONT'D

PIN NO.

NAME

SYMBOL

FUNCTION

8

Supply Voltage

+5V

+ 5 volt power supply

9

Attribute
Enable

ATTEN

When this input is high, the internal attribute latch is updated at the positive going
edge of the LD/SH input with data appearing on the REVID, CHABL, MS1, MS0,
BLINK and INTIN inputs. By selectively bringing this input high, the user will
update the attribute only at specific character times; all subsequent characters
will carry with them the attributes last updated thus allowing “field” or “embed-
ded” attributes. When using a wide video memory where attribute bits are
attached to every character, the internal attribute latch may be updated at each
character by tieing this input high (thus allowing for “invisible” attributes).

10

Intensity Out

INTOUT

This output is used in conjunction with the INTIN input to provide a three charac-

ter pipeline delay to allow for general purpose attributes (such as intensity) to be
Rl tel e b et e s

implemented. See INTIN (pin 7):

11

Cursor

CURSOR

When this input is high and RETBL is low, the programmed cursor format will be
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the
double width mode. See section entitled cursor formats for details.

12

Retrace Blank

RETBL

When this input is high, the parallel inputs to the video shift register are uncondi-
tionally cleared to all zeros and loaded on the next LD/SH pulse. This forces the

| -VIDEO output to a low voltage level, independent of all attributes, for blanking the

CRT during horizontal and vertical retrace time.

13

Load/Shift

LD/SH

The 8 bit video shift register parallel-in load or serial-out shift operation is estab-
lished by the state of this input. When high, this input enables the shift register for
serial shifting with each video dot clock pulse (VDC input). When low, the video
shift register is parallel loaded on the next video dot clock pulse and all data and
attributes are moved to the next position in the internal pipeline. In addition, input
data and attributes are latched on the positive transition of LD/SH.

14

Video

VIDEO

The Video output provides the serial dot stream to the CRT. Video is shifted out
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will
determine the number of backfill dots. See figure 5.

15

Video Dot
Clock

vDC

This input clock controls the rate at which video is shifted out on the
VIDEO output.

16

Scan line
3/Block Cursor

SL3/BKC

This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021.

Parallel scan line mode—This input is the most significant bit of the binary scan
line row address.

Serial scan line mode—This input controls the cursor’s physical dimensions. if
high the cursor will appear as a reverse video block (the entire character cell will
be displayed in reverse video). If low, the cursor will appear as an underline on
the scan line(s) programmed.

17

Scan line
2/Blink Cursor

SL2/BLC

This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021.

Parallel scan line mode—This input is the second most significant bit of the
binary scan line row address.

Serial scan line mode—This input if low, will cause the cursor to alternate
between normal and reverse video at the programmed cursor blink rate. The duty
cycle for the cursor blink is 50/50 (on/off). if this input is high, the cursor will be
non-blinking.

18

Scan Line
1/Scan Line
Gate

SL1/5LG

This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021. .

Parallel scan line mode—This input is the next to the least significant bit of the
binary scan line row address. .

Serial scan line mode—This input will be low for 5 or 6 LD/SH pulses to allow the
scan line information to be serially shifted into the serial scan line shift register. If
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par-
allel input scan line row address mode. -

19

Scan line
0/Scan Line
data

SLO/SLD

This input has two separate functions depending on the way scan line informa-
tion is presented to the CRT 9021. Refer to figure 6.

Parallel scan line mode—This input is the least significant bit of the binary scan
line row address.

Serial scan line mode—This input will present the scan line information in serial
form (least significant bit first) to the CRT 9021 and permits the proper scan line
information to enter the serial scan line shift register during the LD/SH pulses
framed by SLG (pin 18).

20

Ground

GND

Ground

21

Vertical Sync

VSYNC

This input is typically connected to the vertical sync output of the CRT controller
and is used as the clock input for the two on-chip mask programmable blink rate
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac-
ter blank rate (75/25 duty cycle). In addition, the internal attributes are reset when
this input is low. The VSYNC input is also used to determine the scan line mode
(paralle! or serial) used. See the section “Scan Line Input Modes”.
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Retrace Blank

Reverse Video

Character Blank

Underline

Blink

ATTRIBUTES FUNCTION

—The RETBL input causes the VIDEO
to go to the zero (black) level regard-
less of the state of all other inputs.

—The REVID input causes inverted data
to be lnaded intn the video' chift
register.

—The CHABL input forces the video to
go tothe current background level as
defined by Reverse Video.

—MS1, MS0 = 1, 1 forces the video to
go to the inverse of the background
level for the scan line(s) pro-
grammed for underline.

—The BLINK input will cause charac-
ters to blink by forcing the video to the
background level 25% of the time and
allowing the normal video for 75% of
the time. When the cursor is pro-

grammed to blink (not controlied by
the BLINK input), the video alter-
nates from normal to reverse video at
50% duty cycle. The cursor blink rate

! T T N
always cverrides the characier biinn

rate when they both appear at the
same character position.

—The INTIN input and the INTOUT -
output allow an intensity (or half
intensity) attribute to be carried
through the p:pe! ne of the CRT 9021.
An external mixer can be used to
combine VIDEO and INTOUT to cre-
ate the desired video level. See fig-
ure 8.

Table 1 illustrates the effect of the REVID, CHABL, UNDLN

attributes as a function of the cursor format and the CUR-

SOR and RETBL inputs.

Intensity
(Half intensity)

TABLE 1: CRT 9021 ATTRIBUTE COMBINATIONS

CURSOR

CRT 9021 INPUTS

RMAT - VIDEO SHIFT REGISTER
FORMA RETBL | CURSOR| REVID | CHABL | UNDLN LOADED WITH:
1 X X X X all zero's
0 1] 0 0 [\ data
0 0 0 0 1 One's for selected scan line(s); Data for alt
other scan lines.
X 0 0 0 1 X All zero’s
0 0 1 0 [¢] data
0 0 1 0 1 Zero's for selected scan line(s); data for alf
other scan lines.
0 1 1 X One’s for all scan lines.
Q 1 [ 0 X One’s for selected scan iine(s) for cursor;
data for all other scan lines.
[¢] 1 0 1 X One's ;or Sﬁlecrt‘ed scanlline(s) for cursor;
2 zero’s for all other scan lines.
UNDERLINE 0 1 1 0 X Zerg's for selected scan line(s) for cursor;
Data for all other scan lines.
0 1 1 1 Xt Zero's for selected scan line(s) for cursor;
one’s for all other scan lines.
(V] 1 1] ] X One's for selected scan line(s) blinking;
Data for all other scan lines.
0 1 0 1 Xt One's for selected scan line(s) blinking;
BLINKING® zero’s for all other scan lines.
UNDERLINE® 0 1 1 0 X Zero's for selected scan line(s) blinking;
: . Data for all other scan lines.
[¢] 1 1 1 X! Zero’s for selected scan line(s) blunkmg
one’s for all other scan lines.
0 1 0 0 0 Data for all scan lines.
0 1 0 0 1 2Zero's for selected scan line(s) for
: underline; data for all other scan lines.
0 1 0 1 X One’s for all scan lines.
REVID B
1DBLOCK 0 1 1 [*] 0 Data for all scan lines
0 1 1 0 1 One’s for selected scan line(s) for
. underline; data for all other scan lines.
0 1 1 1 - X Zero’s for all scan lines.
0 1 o] ] 0 On Oft
Data for all scan lines. | Data for all scan lines.
0 1 0 0 1 Zero's for selected One’s for selected
scan fine(s) for scan line(s) for
underline; Data for underline; Data for
BLINKING® all other scan lines. all other scan lines.
REVID BLOCK 0 1 0 1 X One’s for all scan lines. | Zero's for all scanlines.
0 1 1 0 -0 Data for all scan lines. | Data for all scanlines.
0 1 1 0 1 One’s for selected Zero's for selected
scan line(s); Data scan line(s); Data
for all other scan lines. | for all other scanlines.
0 1 1 1 X Zero’s for all scan lines. | One’s for all scan lines.

1 - if the programmed scan line{s) for cursor and underiine coincide, the cursor takes precedence; otherwise both are displayed.

2 - at programmed scan line(s) for underline
3 - at cursor blink rate
Note—cursor biink rate overrides character blink rate.
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DISPLAY MODES

Inputs MS1 and MS0 select one of four display modes. Al the character block. Table 3 shows
attributes except underline operate independent of the all programming ranges possible
display mode used. Figures 8a and 8b illustrate a typical when defining the thin graphics
CRT 9021 configuration which operates in all display modes boundaries. No underline is possi-
for both the parallel and serial scan line modes respectively. ble in this display mode.

MS1,MS0 = 00 —Wide Graphics Mode.
In this display mode, inputs D7-D0
define agraphics entity asillustrated
infigure 2. Note that individual bits in
D7-DO will illuminate particular

MS1,MS0 = 01 —Character Mode Without Underline.
In this display mode, inputs D7-DO go

. directly from the input laich to. the

video shift register via the Attributes

h ) and Graphics logic. This mode
e ,,,éomgﬂe character block. Table .. requires either a bit mapped system
-programmingranges —

RAM (1 bitin RAM equals 1 pixal on
the CRT) or an external character
generator as shown in figures 8a and

possible when defining the wide
graphic boundaries. No underline is
possible in this display mode.

MS1,MS0 = 10 —Thin Graphics Mode. 8b. ,
In this display mode, inputs D7-D0 MS1,MS0 = 11 —Character Mode With Underline.
define a graphic entity as illustrated Same operation as MS1, MS0 = 01
in figure 3. Note thatindividual bits in with the underline attribute appear-
D7-DO will illuminate particular hori- ing on the scan line(s) mask pro-
zontal or vertical linesegments within grammed.
SL3-SLO ROW# C7 C6 C5 C4 C3 C2 C1 CO BF BF 0 0 o
0000 RO =TT
0001  Ri D7 D3 | Ha
0010 R2 1 5 >
0011  R3 i ] S
0100 R4 Dé D2 | H2 5
0101 R5 1t &
0110  R6 TI 1
0111 R7 D5 D1 | H
1000 RS 1
1001 R9 '1|
1010  Rt10 I
1011 R11 |
1100  Ri2 - D4 DO : Ho ,
1101 R13 ‘
1110  R14 { [07|p6|Ds|04[03]D2[D1[D0| pATA INPUT ON D7-DO
1111 R15 ‘ b H3, H2, H1, HO, W1, WO are mask programmable
f—W— | —W—
FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021
SL3-SL0O ROW# C7 C6 C5 C4 C3 C2 C1 COBF BFo o0 VERTICAL HEIGHT HORIZONTAL POSITION
0000 RO D4 - Do RO-R5 PROGRAMMABLE
0001 R1 - -_‘; D1 R6-R15 PROGRAMMABLE
0010 R2 ! D6 RO-R15* PROGRAMMABLE
oot1  Rr3 |P7 Do D D7 RO-R15* PROGRAMMABLE
0100 R4 ..-.:
0101 RS D2 D3 ] )
e :‘75 ! HORIZONTAL LENGTH VERTICAL POSITION
1000 R8 D1 : D2 C7-C3 PROGRAMMABLE
1001 R9 ) D3 C3-BF PROGRAMMABLE
1010 Ri10 ] D4 C7-BF* PROGRAMMABLE
1011 R D5 ! D5 C7-BF* PROGRAMMABLE
1100 R12 - ‘i ; i
1101
1110 212 | |D7Ioe[Ds[palps|o2ptpd]  para neuT OND7-DO
1111 R15 [ | || L1 * These values are fixed
FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021
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BACKEFILL

Backfill is a mechanism that allows a character width of

greater than 8 dots and provides dot information (usually
_ blanks) for all dot positions beyond 8. The character width

is defined by the period of the LD/SH input. For the character

modes, backfill is added to the tail end of the character by

two methods which are mask programmable.

Mathad A — Tha hacldfill In:\ dnte will ha tha eame

as the dot dlsplayed in position C7.

Method B — The backfill (BF) dots will be the same

as the dot displayed in position CO.

For the wide graphics mode, the backfill dots will always be

tha same ac tha dot di nr\la,f\ﬁl in nogitiom 0N fmsthed DY

» position CC (mcthod B)
with no programmable option.

CURSOR FORMATS

Four cursor formats are possible with the CRT 9021. If the

parallel scan line input mode is used, one of four cursor for-

mats may be selected as a mask programmed option. If the
serial scan line input mode is used, the cursor format is
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See

Table 5. The four cursor modes are as follows:

Underline — The cursor will appear as an
underline. The position and width
of the cursor underline is mask
programmed.

— The cursor will appear as an
underline. The underline will alter-
nate between normal and reverse
video at the mask programmed
cursor blink rate.

— The cursor will appear as areverse
video block (The entire character

Blinking Underline

Reverse Video
Block

cell wili be displayed in reverse
video).

Blinking Reverse  — The cursor will appear as areverse

Video Block video block and the entire block
(character plus background) will
alternate between normal and
reverse video at the masked pro-
grammed cursor blink rate.

Scan Line
Input Mode Pin 17 Pin 16 Cursor Function
1 0 Underline
1 1 Reverse Video Block
Serial 0 0 Blinking Underline
0 1 Blinking Reverse
Video Block
Parallel X X Mask programmable
Only

TABLE 5: CURSOR FORMATS

DOUBLE WIDTH MODE

In order to display double width characters, video must be
shifted out at half frequency and the video shift register must
receive new information (parallel load) every other LD/SH
inputpulse. In order to divide the video dot clock (VDC) and
the LD/SHpulse internally at the proper time, the cursor input
should be pulsed during RETBL prior to the scan line to be
displayed as double width. The CURSOR input must remain
low for a minimum of 1 LD/SH period from the leading edge
of RETBL. The CURSOR input can stay high for the entire
RETBL time but should not extend into active video. If it does,
a cursor will be displayed. It is assumed that the CRT con-

troller knows when a particular scan line should be double
width and it should activate the CURSOR in the manner just
described. Double height/double width characters can also
be displayed if the scan line count is incremented by the
CRT controller every other scan line. With respect to the
CRT 9021, no distinction between double width and double
height display is necessary. Figure 4 illustrated timing for
both single and double width modes. The CRT 9007, which
supports double height double width characters, will pro-
duce the CURSOR signal as required by the CRT 9021 with
no additional hardware.

.|
SCAN LINE INPUT MODES

Scan line information can be introduced into the CRT 9021
in parallel format or serial format. Table 6 illustrates the pin
definition as a function of the scan line input mode. The CRT
9021 will automatically recognize the proper scan line mode
by observing the activity on pin 18. In parallel mode, this
input will be stable for atleast 1 scanline and in serial mode
this input will remain low for about 5 or 6 LD/SH periods. If
pin 18-goes active low for less than seven but more than
two continuous LD/SH periods during the last scan line that
has an active low on the VSYNC input, the serial mode will
be locked in for the next field. The parallel scan line input

mode will be selected for the next field if the following two
conditions occur during VSYNC low time. First, atleast one
positive transition must occur on pin 18 and second, pin 18
must be low for seven or more LD/SH periods. Refer to fig-
ure 7 for timing details.

Scan Line CRT 9021 Pin Number
Input Mode 19 18 17 16
Serial SLD SLG BLC BKC
Paraliel SLO  SL1 SL2  SL3

TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES

e
PROGRAM OPTIONS

The CRT 9021 has a variety of mask programmed options.
Tables 2 and 3 illustrate the range of these options for the
wide and thin graphics modes respectively. Table 4 illus-

trates the range of the miscellaneous mask programmed
options. In addition, Tables 2, 3 and 4 show the mask pro-
grammed options for the standard CRT 9021.

332




€ee

D7-DO
NOHMAL)
WIDTH

D7-DO
DOUBLE
WIDTH

DI7-DI0
NORMAL
WIDTH

DI7-DI0
'DOUBLE)
‘WIDTH

VIDEO
(352

VIDEO
DOUBLE) VIDEO (N/2-1)

WIDTH

ATTRIBUTE IN'
(NOHMAL)
WIDTH

ATTRIBUTE OUT!
(NORMAL
WIDTH

ATTRIBUTE IN'
DOUBLE)
WIDTH

ATTRIBUTE OUT!
DOUBLE
WIDTH

1-Attributes include MS0, MSI, BLINK, CHABL, INTENSITY, REVID

&

%

—

- =] X I Y s

O N e
I S
SR N e

JE M mu

XcHaARO x CHAR 1 x CHAR 2XCHAR SXCHAR iXCHAR

SN NN SN B e

I 1O =

CHAR N/2X X X

x

]
]
'XCHAR oX XTXCHAR 1X XXlCHARZ XX

'

Lo
3
4

XCHAR OXCHAR 1XCHAR ZXCHAR 3XCHAH

J
CHAR (N-1)XCHAR N x X
/ .

——e] ¢ |-

= et

CHARN/2 X

[
[}
1
vipeo (N-2)X VRED XvibEo N

[}
CHAR 1 JCHAR 2

1
JX CHAR o X
'

i
LANKING

[} v
l

| 1 ] | L
:/VIDEO 0XVIDEO 1{VIDEO 2 VIDEO 3x
! ! [ ! S
]

1 1 H 1
vuoeoo X VIDEO1 x:

LANKING

]
M
VIDEON?2 \
1]
]

el D= ==| ===

x
x
=

‘X ATT‘X ATT—XATT2 ATT3 X ATT 4XATT 5 XATT 6 X:

. i
INT (N-2) XINT(N-1!)X7INT N X

X X

X ATT O X ATT 1 XATT2X ATT sx:

1
1]
XATTOX XX ATT1X XX XATTzX xxXAT‘rax

=

X X ATTO X ATT1 i X:
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SECTION V




MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range .. ........ ...t e i et eens 0°Cto +70°C
Storage Temperature RaNge . ... ...ttt i e i e e —-55°Cto +150°C
Lead Temperature (SOIdering, 10 SEC.) . ... ...ttt ettt e et e i s +325°C
Positive Voltage on any Pin, with respecttoground . ............ i e e 15V
Negative Voltage on any Pin, withrespectto ground . ... ... .. i e -0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or at any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is
suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (T,=0°C to 70°C, V¢ = +5V = 5%, unless otherwise noted)

PARAMETER MIN TYP MAX - UNIT COMMENTS
DC CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level V. 0.8 N .
High Level V,, 2.0 v All inputs except VDC, LD/SH
High Level V,,, 4.3 Vv For VDC, LD/SH input
OUTPUT VOLTAGE LEVELS
Low Level Vg, ) 0.4 Vv loy=0.4 mA
High Level Vo, 2.4 Vv low=100pA
INPUT LEAKAGE CURRENT *_
Leakage |, . 10 pA 0=V, <V¢; excluding VDC, LD/SH
Leakage |, 50 pA 0V, =<V; for VDC LD/SH
INPUT CAPACITANCE .
Cui 10 pf Excluding VDC, LD/SH
Ce 20 pf For LD/SH
Cus 25 pf For VDC
POWER SUPPLY CURRENT
lec 50 mA
AC CHARACTERISTICS
PARAMETER MIN TYP MAX UNIT COMMENTS
vDC’
1y, VDC frequency 1.0 300 | MHZ CRT 9021A; see note 1
1.0 28.5 MHZ CRT 9021B
1o VDC low 10
tos VDC high 10 ns
tokn VDC rise time ' 10 10 ns Measured from 10% to 90% points
toxe VDC fall time 10 ns Measured from 90% to 10% points
LD/sH
tove 290 . ns CRT 9021A; see note 1
315 ns CRT 90218
tse 7 ns
tr 0 ns
INPUT SETUP AND HOLD
te 35 ns
te 0 ns
e« MISCELLANEOUS TIMING
teo 35 ns C.=15pf
fow tove

q-

These parameters are Preliminary.
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TABLE 2
WIDE GRAPHICS MASK PROGRAMMING OPTIONS

OPTION CHOICES STANDARD CRT 9021
Height of graphic block™

D7 and D3 any scan fine(s) RO, R1, R2

D6 and D2 any scan line(s) R3, R4, R5

D5 and D1 any scan line(s) R6, R7,R8

D4 and DO any scan linc{s) NS, N1, Nit, N2, R15, R4, Nis
Width of D7, D6, D5, D4** any number of dots 0to 8 C7,C6,C5,C4
Width of D3, D2, D1, DO** any number of dots 0to 8 C3, C2, C1, CO,BF

* Any graphic block pair can be removed by programming for zero scan lines.
** Total number of dots for both must be equal to the total dots per character with no overlap.

TABLE 3
THIN GRAPHICS MASK PROGRAMMING OPTIONS
OPTION CHOICES STANDARD CRT 9021
Backfill C1orCO Co

Horizontal position for

D2 and D3 any scan line(s) RO-R15 R5

D4 any scan line(s) RO-R15 RO

D5 any scan line(s) R0-R15 R11
Horizontal length for

D22 any continuous dots C7-C0, BF C7-C3

D32 all dots not covered by D2 C3-BF
Blanked dots for serrated horizontal lines

D2 any dot(s) C7-C0, BF none

D3 any dot(s) C7-C0, BF none

D4 and D5 any dot(s) C7-C0, BF none
Vertical position for

DO and D1 any dot(s) C7-C0, BF C3

D6 any dot(s) C6-C0, BF BF

D7 any dot(s) C7-C0 c7
Vertical length for

DO any scan line(s) RO to RS

D1 all scan lines not used by DO R6 to R15

D6 no choice; always R0-R15 RO to R15

D7 no choice; always R0-R15 RO to R15

1-D7 must always come before D6 with no overlap; otherwise D6 is lost.
2-D2 and D3 must always overlap by one and only one dot.

L~~~ "~

TABLE 4
MISCELLANEOUS MASK PROGRAMMING OPTIONS
OPTION CHOICES STANDARD CRT 9021

Backfill in character mode C70r CO Cc7
Character biink rate 8 to 60; divisible by 4 32

(division of VSYNC frequency) : (7.5 Hz to 1 Hz)' (1.875 Hz)
. Twice the character 16

Cursor blink rate? blink rate (3.75 Haz)'
character underline position ) any scan line(s) R0-R15 Rit

cursor underling? any scan line(s) R0-R15 not applicable
underline
Blinking underline L .
cursor format* Reverse video block Blinking reverse video block
Blinking reverse video block

1 - Assumes VSYNC input frequency of 60 Hz.

2 - Valid only if the cursor is formatted to blink.

3 - Valid only if the cursor is formatted for underline.
4 - Valid for the parallel scan line mode only.
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STANDARD M|@OSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any iicense under ihe patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

CORPORATION e
_—

FEATURES

[J IBM Compatible in both Single and Double Density
Recording Formats

O Programmable Data Record Lengths: 128, 256, 512, or
1024 Bytes/Sector

[0 Multi-Sector and Multi-Track Transfer Capability

1 Drive Up to 4 Floppy Disks

(J Data Scan Capability—will scan a Single Sector or an
entire cylinder’s worth of data fields, comparing on a
Byte by Byte Basis, data in the Processor’'s Memory
with data read from the Diskette

] Data Transfers in DMA or Non-DMA Mode

[ Parallel Seek Operations on up to four drives

[0 Compatible with Most Microprocessors

O Single Phase 8 MHz Clock

1 Single + 5 Volt Power Supply

[0 COPLAMOS® n-Channel Silicon Gate Technology

[0 Available in 40-Pin Dual-in-Line Package

FDC 765A

PIN CONFIGURATION
RESET 1 ~ 40 Vo
FD 20 D 39 RW/SEEK
WR 3(] [ 38 LCT/DIR
Cs 4 D37 FRISTP
A 5( 136 HDL
DB, GE ] 35 RDY
DB, 7 [ 34 WP/TS
DB, 8 0 33i FLT/TR,
DB; 9 D32 Ps,
D8, 10 D31 ps,
DB; 11 0 30 wpA
DB, 12E 029 us,
DB; 13 [ 28 us,
DRQ 14 (] D 27 HD
DACK 15 ] 026 MFM
TC 16 [ 25 WE
DX 17§ 0 24 vco
INT 18 0 23 RD
CLK 19 [ 22 ROW
GND 20 0 21 wek
PACKAGE: 40-pin D.L.P.

GENERAL DESCRIPTION

The FDC765 is an LSI Floppy Disk Controller (FDC) Chip,
which contains the circuitry and control functions for inter-
facing a processor to 4 Floppy Disk Drives. It is capable of
supporting either IBM 3740 single density format (FM), or
IBM System 34 Double Density format (MFM) including
double sided recording. The FDC765 provides control sig-
nals which simplify the design of an external phase locked
loop, and write precompensation circuitry. The FDC sim-
plifies and handles most of the burdens associated with
implementing a Floppy Disk interface.

Hand-shaking signals are provided in the FDC765 which
make DMA operation easy to incorporate with the aid of an
external DMA Controller chip. The FDC will operate in either
DMA or Non-DMA mode. In the Non-DMA mode, the FDC
generates interrupts to the processor every time a data byte
is available. In the DMA mode, the processor need only load
the command into the FDC and all data transfers occur
under control of the FDC765 and DMA controller.

There are 15 separate commands which the FDC765 will
execute. Each of these commands require multiple 8-bit
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bytes to fully specify the operation which the processor
wishes the FDC to perform. The following commands are
available:

Read Data Write Data

Read ID Format a Track

Read Deleted Data ~ Write Deleted Data

Read a Track Seek

Scan Equal Recalibrate (Restore to Track 0)
ScanHighor Equal  Sense Interrupt Status

Scan Low or Equal Sense Drive Status

Specify

Address mark detection circuitry is internal to the FDC which
simplifies the phase locked loop and read electronics. The
track stepping rate, head load time, and head unload time
may be programmed by the user. The FDC765 offers many
additional features such as multiple sector transfers in both
read and write with a single command, and full IBM com-
patibility in both single and double density modes.
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STANDARD MICROSYSTEMS
oo
:

Floppy Disk

FDC 1761-02
FDC 1763-02
FDC 1765-02
FDC 1767-02

JPC FAMILY

FDC

FEATURES

{J1MHZ VERSION OF FDC 179X
[ SOFT SECTOR FORMAT COMPATIBILITY
[J AUTOMATIC TRACK SEEK WITH VERIFICATION
[J ACCOMMODATES SINGLE AND DOUBLE
DENSITY FORMATS
IBM 3740 Singie Density (FM)
IBM System 34 Double Density (MFM)
‘J READ MODE
Single/Multiple Sector Read with Automatic Search
or Entire Track Read
Selectable 128 Byte or Variable Length Record
[JWRITE MODE
Single/Multiple Sector Write with Automatic Sector
Search
Entire Track Write for Diskette Initialization
[0 PROGRAMMABLE CONTROLS
Selectable Track to Track Stepping Time
Side Select Compare
I SYSTEM COMPATIBILITY
Double Buffering of Data 8 Bit Bi-Directional Bus for
Data, Control and Status
DMA or Programmed Data Transfers
All Inputs and Outputs are TTL Compatible
On-chip Track and Sector Registers/Comprehensive
Status Information
O WRITE PRECOMPENSATION (MFM AND FM)
[J SIDE SELECT LOGIC (FDC 1765, FDC 1767)
[ WINDOW EXTENSION (IN MFM)

GENERAL

The FDC 176X is an MOS/LSI device which performs the
functions of a Floppy Disk Controller/Formatter in a
single chip implementation. The basic FDC 176X chip
design has evolved into four specific parts: FDC 1761,
FDC 1763, FDC 1765, and the FDC1767. It is a 1MHz
version of the FDC 179X family.

This FDC family performs all the functions necessary
to read or write data to a floppy disk drive. 5% (mini-
floppy) drives with single or double density storage
capabilities are supported. These n-channel MOS/LSI
devices will replace a large amount of discrete logic re-
quired for interfacing a host processor to a floppy disk.

The FDC 176X is iBM 3740 compatible in single density
mode (FM) and System 34 compatible in double density

PIN CONFIGURATION

N\
NC (01 400 -12v
WE (2 39 P INTRQ
" Cs Qs 381 DRQ
RE Q4 37 b DDEN
A Q5 36 WPRT
A Qs 35p P
DALO" Q7 34 p TROO
DAL1" 08 33p WF
DAL2' 09 32 h READY
DAL3" Q10 310 wD
DAL4" {11 30p WG
DALS5* {12 297 TG43
DAL6" G 13 28 HLD
DAL7* 014 27 h RAW READ
STEP 415 26 P RCLK
DIRC j 16 251 RG/SSO
EARLY Q17 24h CLK
LATE @ 18 230 HLT
MR 019 22 h TEST
GND [ 20 21p -5V
“INVERTED BUS FOR FDC 1761. FDC 1765
PACKAGE: 40 pin D.I.P.

0 INCORPORATES.-ENCODING/DECODING
AND ADDRESS MARK CIRCUITRY
[0 COMPATIBLE WITH FD176X-02
O COPLAMOS® n-CHANNEL MOS TECHNOLOGY
[0 COMPATIBLE WITH THE FDC 9216 FLOPPY DISK
- DATA SEPARATOR

DESCRIPTION

mode (MFM). The FDC 176X contains enhanced fea-
tures necessary to read/write and format a double
density diskette. These include address mark detection,
FM and MFM encode and decode logic, window ex-
tension, and write precompensation.

The FDC 1763 is identical to the FDC 1761 except the
DAL lines are TRUE for systems that utilize true
data busses.

The FDC 1765 adds side select logic to the FDC 1761.
The FDC 1767 adds the side selectlogic to the FDC 1763.

The processor interface consists of an 8 bit bidirectional
bus for data, status, and control word transfers. This
family of controllers is configured to operate on a
multiplexed bus with other bus-oriented devices.
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FDC 176X BLOCK DIAGRAM
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Y
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION
1 NO CONNECTION NC This pin is internally connected to the substrate bias generator and
must be left open.

20 GROUND Vss Ground

21 POWER SUPPLY Vee +5V 5%

|-—40—- - POWER-SUPPLY ——— —-—f ——Vpp— 412V 50— ————
S A —— — A'Togic Tow {50 microseconds min.) on this input resets the device

19 MASTER RESET MR and loads HEX 03 into the command register. The Not Ready
(Status Bit 7) is reset during MR ACTIVE. When MR is brought to a
logic high a Restore Command is executed, regardless of the state of
the Ready signal from the drive. Also, HEX 01 is loaded into the
sector register.

COMPUTER INTERFACE:
2 WRITE ENABLE WE A logic low on_this input gates data on the DAL into the selected
i register when CS is low.
3 CHIP SELECT CS A logic low on this input selects the chip and the parallel
) data bus (DAL).

4 READ ENABLE RE A logic low on this input controls the placement of data from a
selected register on DAL@-DAL7 when CS is low.

5,6 REGISTER SELECT AOQ, A1 | These inputs select the register to receive/transfer data on the DAL

LINES lines under RE and WE control:
CS Al A0 RE WE
0 0 0 | Status Reg Command Reg
0 0 1 | Track Reg Track Reg
0 1 0 | Sector Reg Sector Reg
0 1 1 | Data Reg Data Reg
7-14 DATA ACCESS LINES DALO- Eight bit Bidirectional bus used for transfer of data, control, and
DAL7 status. This bus is a receiver enabled by WE or a transmitter
enabled by RE. The Data Bus is inverted on the FDC 1761, and
FDC 1765. Each line will drive 1 standard TTL load.

24 CLOCK CLK This input requires a free-running square wave clock tor internal
timing reference of 1 MHz 1% with a 50% duty cycle.

38 DATA REQUEST DRQ This open drain output indicates that the DR contains assembled

. data in Read operations, or the DR is empty in Write operations.
This signal is reset when serviced by the computer through reading
or loading the DR in Read or Write operations, respectively. Use a
10K pull-up resistor to +5V.

39 INTERRUPT REQUEST INTRQ | This open drain output is set at the completion or termination
of any operation and is reset when a new command is loaded into
the command register or the status register is read. Use a 10K
pull-up resistor to +5V.

FLOPPY DISK INTERFACE:

15 STEP STEP Step and direction motor control. The step output contains a puise
for each step.

16 DIRECTION DIRC Direction Output is active high when stepping in, active low when
stepping out.

17 EARLY EARLY | Indicates that the write data pulse occurring while Early is active
(high) should be shifted early for write precompensation.

18 LATE LATE Indicates that the write data pulse occurring while Late is active
(high) should be shifted late for write precompensation.

22 TEST TEST This input is used for testing purposes only and should be tied to
+5V or left open by the user unless interfacing to voice coil
actuated motors.

23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is assumed
to be engaged.
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NAME

SYMBOL

FUNCTION

25

READ GATE (1761/3)

RG

This output is used for synchronization of external data separators.
The output goes high after two bytes of zeroes in single density,
or four bytes of either zeroes or ones in double density operation.

25

SIDE SELECT OUTPUT

(1705, i767)

SSO

The logic level of the Side Select Output is directly controlled by
the 'S’ iiag in Type ii or iii commands. wnen S — 1, 55U 1s set 10

a logic 1. When S = 0, SSO is set to a logic 0. The SSO is compared
with the side information in the sector I.D. field. If they do not
compare, status bit 4 (RNF) is set. The side select output is only
updated at the beginning of a type |l or Il command. It is forced
to a logic 0 upon a MASTER RESET condition.

A nominal square-wave clock signal derived from the data stream
must be provided to this input. Phasing (i.e. RCLK transitions)
relative to RAW READ is important but polarity (RCLK high or low)
is not.

27

RAW READ

The data input signals directly from the drive. This input shall be a
negative pulse for each recorded flux transition.

28

HEAD LOAD

The HLD output contrals the loading of the Read-Write head
against the media.

TRACK GREATER
THAN 43

This output informs the drive that the Read/Write head is positioned
between tracks 44-76. This output is valid only during Read and
Write Commands.

WRITE GATE

WG

This output is made valid before writing is to be performed
on the diskette.

31

WRITE DATA

WD

A 400 ns (MFM) or 1000 ns (FM) pulse per flux transition. WD
contains the unique Address marks as well as data and clock in both
FM and MFM formats.

32

READY

READY

This input indicates disk readiness and is sampled for a logic high
before Read or Write commands are performed. If Ready is low the
Read or Write operation is not performed and an interrupt is
generated. Type | operations are performed regardless of the state
of Ready. The Ready input appears in inverted format as Status
Register bit 7.

WRITE FAULT/
VFO ENABLE

WF/VFOE

This is a bi-directional signal used to signify writing faults at the
drive, and to enable the external PLO data separator. When WG =1,
Pin 33 functions as a WF input. If WF=0, any write command will
immediately be terminated. When WG =0, Pin 33 functions as a
VFOE output. VFOE will go low during a read operation after the
head has loaded and settled (HLT=1). On the 1765/7, it will remain
low until the last bit of the second CRC byte in the ID field. VFOE
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the
Address Mark. It will then go active until the last bit of the second
CRC byte of the Data Field. On the 1761/3, VFOE will remain low
until the end of the Data Field.

TRACK 00.

This input informs the FDC176X that the Read/Write head is
positioned over Track 00.

INDEX PULSE

This input informs the FDC176X when the index hole is encountered
on the diskette.

WRITE PROTECT

This input is sampled whenever a Write Command is received.

Status bit.

37

DOUBLE DENSITY

This pin selects either single or double density operation. When
DDEN=0, double density is selected. When DDEN=1, single
density is selected.
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FUNCTIONAL DESCRIPTION

The FDC 176X-02 major functional blocks are as follows:
Data Shift Register — This 8-bit register assembles serial
data from the Read Data input (RAW READ) during
Read operations and transfers serial data to the Write
Data output during Write operations.

Data Register — This 8-bit register is used as a holding
register during Disk Read and Write operations. In Disk
Read operations the assembled data byte is transferred
in parallel to the Data Register from the Data Shift

This register can be read onto the DAL, but not loaded
from the DAL.

CRC Logic—This logic is used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The poly-
nomial is: G(x)=x"®+x"2-+x5+1.

Track Register—This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head stepped in
(towards track 76) and decremented by one when the

Register. Tn Disk Write operations information is trans-
ferred in parallel from the Data Register to the Data
Shift Register.

When executing the Seek command the Data Register
holds the address of the desired Track position. This
register is loaded from the DAL and gated onto the DAL
under processor control.

Sector Register (SR) —This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write opera-
tions. The Sector Register contents can be loaded from
or transferred to the DAL. This register should not be
loaded when the device is busy.

Command Register (CR)— This 8-bit register holds the
command presently being executed. This register should
not be loaded when the device is busy unless the new
command is a Force Interrupt. The command register
can be loaded from the DAL, but not read onto the DAL.
Status Register (STR) — This 8-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed.

head is stepped out (towards track 00). The contents
of the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should not
be loaded when the device is busy.

The CRC includes all information starting with the
address mark and up to the CRC characters. The CRC
register is preset to ones prior to data being shifted
through the circuit.

Arithmetic/Logic Unit (ALU)—The ALU is a serial
comparator, incrementer, and decrementer and is used
for register modification and comparisons with the disk
recorded 1D field.

Timing and Control— All computer and Floppy Disk
Iinterface controls are generated through this logic. The
internal device timing is generated from an external
crystal clock.

AM Detector —The address mark detector detects ID,
data and index address marks during ready and
write operations.

OPERATION

The FDC 176X has two modes of operation, according
to the state of DDEN. When DDEN = 0, double density
(MFM) is assumed. When DDEN = 1, single density
(FM) is assumed. In either case the CLK input (Pin 24)
is at 1MHz-and stepping rates of 6, 12, 20 and 30ms
can be obtained.

Disk Read Operation

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM, DDEN should be
placed to logical “1.” For MFM formats, DDEN should
be placed to a logical “0.” Sector iengths are determined
at format time by a special byte in the “ID” field. If this
Sector length byte in the ID field is zero, then the sector
length is 128 bytes. If 01, then 256 bytes. If 02, then
512 bytes. If 03, then the sector length is 1024 bytes.
For the FDC 1765/67 the sector length may be different
according to the state of the b flag in the command
word. Refer to Table 1; command summary. The number
of sectors per track can be from 1 to 255 sectors. The
number of tracks is from 0 to 255 tracks.

For read operations, the FDC 176X requires RAW READ
Data (Pin 27) signal which is a 400 ns pulse per flux
transition and a Read clock (RCLK) signal to indicate
flux transition spacings. The RCLK (Pin 26) signal is
provided by some drives but if not, it may be derived

externally by Phase lock loops, one shots, or counter
techniques. In addition, a Read Gate Signal is provided
as an output (Pin 25) on 1761/63 which can be used to
inform phase lock loops when to acquire synchroniza-
tion. When reading from the media in FM, RG is made
true when 2 bytes of zeroes are detected. The FDC 176X
must find an address mark within the next 10 bytes;
otherwise RG is reset and the search for 2 bytes of
zeroes begins all over again. If an address mark is found
within 10 bytes, RG remains true as long as the FDC 176X
is deriving any useful information from the data stream.
Similarly for MFM, RG is made active when 4 bytes of
“00” or “FF" are detected. The FDC 176X must find an
address mark within the next 16 bytes, otherwise RG is
reset and search resumes.
During read operations (WG =0), the VFOE (Pin 33) is
provided for phase lock loop synchronization. VFOE
will go active when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

¢) The 176X is inspecting data off the disk
If WF/VFOE is not used, this pin may be left open, as
it has an internal pull up resistor. _
On Disk Read operations the Data Request is activated
(set high) when an assembled serial input byte is
transferred in parallel to the Data Register. This bit
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is cleared when the Data Register is read by the pro-
cessor. |f the Data Register is read after one or more
characters are lost by having new data transferred into
the register prior to processor readout, the Lost Data bit
is set in the Status Register. The Read operation con-
tinues until the end of sector is reached.

Disk Write Operation

When writing is to take place on the diskette the Write
Gate (WG) output is activated, allowing current to flow
into the Read/Write head. As a precaution against
erroneous writing the first data byte must be loaded into
the Data Register in response to a Data Request from the
FDC 176X before the Write Gate signal can be activated.
Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is immedi-
ately terminated, an interrupt is generated and the Write
Protect status bit is set. The Write Fault input, when
activated, signifies a writing fault condition detected
in disk drive electronics such as failure to detect write
current flow when the Write Gate is activated. On detec-
tion of this fault the FDC 176X terminates the current
command, and sets the Write Fault bit (bit 5) in the Status
Word. The Write Fault input should be made inactive
when the Write Gate output becomes inactive.

For write operations, the FDC 176X provides Write Gate
(Pin 30) and Write Data (Pin 31) outputs. Write data
consists of a series of 1000 ns pulses in FM (DDEN=1)

and 400 ns pulses in MFM (DDEN =0). Write Data pro-
vides the unique address marks in both formats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin 17)
and LATE (Pin 18). EARLY is active true when the WD
pulse appearing on (Pin 30) is to be written early. LATE
is aclive true wnen ine WU puise is 1o be writien LATE.
If both EARLY and LATE are low when the WD pulse is
present, the WD pulse is to be written at nominal. Since
write precompensation values vary from disk manu-
facturer to disk manufacturer, the actual value is
determined by several one shots or delay lines which are
iocated externai to the FDC 176X.The write precompen-
sation signals EARLY and LATE are valid for the duration
of WD in both FM and MFM formats.

On Disk Write operations the Data Request is activated
when the Data Register transfers its contents to the
Data Shift Register, and requires a new data byte. It is
reset when the Data Register is loaded with new data by
the processor. If new data is not loaded at the time the
next serial byte is required by the Floppy Disk, a byte
of zeroes is written on the diskette and the Lost Data
bit is set in the Status Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the status
register or by loading the command register with a new
command. In addition, INTRQ is generated if a Force
Interrupt command condition is met.

COMMAND WORDS

The FDC 176X will accept eleven commands. Command
words should only be loaded in the Command Register
when the Busy status bit is off (Status bit 0). The one
exception is the Force Interrupt command. Whenever
a command is being executed, the Busy status bit is set.
When a command is completed, an interrupt is gener-
ated and the Busy status bit is reset. The Status Register
indicates whether the completed command encountered
an error or was fault free. For ease of discussion,
commands are divided into four types. Commands and
types are summarized in Table 1.

Table 1. Command Summary

BITS
COMMAND TYPE|7 6 5 4 3 2 1 0
Restore | 0 0 0 0h V nmr
Seek i 0 0 01 h V nr
Step | 0 01 u h V rnn
Step In | 01t 0 u h V rnn
Step Out | 01 1 uh Vo
Read Sector 1 1 0 0mF EF O
Write Sector 1} 1 0 1 m F2 E F, a
Read Address 1 1 1 0 0 0 EF O
Read Track il 111 0 0 EF O
Write Track 1 1 1 11 0 EF O
Force Interrupt] 1V 1 1. 0 1 s L Ik
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Type | Commands

The Type | Commands are Restore, Seek, Step, Step-In,
and Step-Out. Each of the Type | Commands contains a
rate field (ror1), which determines the stepping motor
rate as defined in Table 2.

The Type | Commands contain a head load fiag (h) which
determines if the head is to be loaded at the beginning
of the command. If h=1, the head is loaded at the
beginning of the command (HLD output is made active).
If h=0, HLD is deactivated. Once the head is loaded,
the head will remain engaged until the FDC 176X receives
a command that specifically disengages the head. If
the FDC 176X is idle (busy=0) for 15 revolutions of the
disk, the head will be automatically disengaged (HLD
made inactive).

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is to
take place on the destination track. If V=1, a verification
is performed, if V=0, no verification is performed.

During verification, the head is loaded and after an
internal 30 ms delay, the HLT input is sampled. When
HLT is active (logic true), the first encountered 1D field
is read off the disk. The track address of the ID field is
then compared to the Track Register; if there is a match
and a valid ID CRC, the verification is complete, an
interrupt is generated and the Busy status bit is reset. If
there is not a match but there is valid ID CRC, an interrupt




is generated, and Seek Error Status bit (Status bit 4) is
set and the Busy status bit is reset. If there is a match but
not a valid CRC, the CRC error status bit is set (Status
bit 3), and the next encountered ID field is read from the
disk for the verification operation. If an ID field with a
valid CRC cannot be found after five revolutions of the
disk, the FDC 176X terminates the operation and sends
an interrupt (INTRQ).

The Step, Step-In, and Step-Out commands contain an
Update flag (u). When u=1, the track register is updated
by one for each step. When u=0, the track register is

Step-Out

Upon receipt of this command, the FDC 176X issues one
stepping pulse in the direction towards track 0. If the
u flag is on, the Track Register is decremented by one.
After a delay determined by the rirg field, a verification
takes place if the V flag is on. The h bit allows the head to
be loaded at the start of command. An interrupt is
generated at the completion of the command.

Head Positioning
The period of each positioning step is specified by the

not npdafnd S

On the FDC 1765/7 devices, the SSO output is not
affected during Type 1 commands, and an internal side
compare does not take place when the (V) Verify Flag
is on.

Restore (Seek Track 0)

Upon receipt of this command the Track 00 (TR0O)
input is sampled. if TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is gener-
ated. If TROO is not active low, stepping pulses (pins 15
to 16) at a rate specified by the riro field are issued until
the TROO input is activated. At this time the Track
Register is loaded with zeroes and an interrupt is gener-
ated. If the TROO input does not go active low after 255
stepping pulses, the FDC 176X terminates operation,
interrupts, and sets the Seek error status bit. A verification

operation takes place if the V flag is set. The h bit aliows’

the head to be loaded at the start of command. Note that
the Restore command is executed when MR goes from
an active to an inactive state.

Seek

This command assumes that the Track Register contains
the track number of the current position of the Read-
Write head and the Data Register contains the desired
track number. The FDC 176X will update the Track
register and issue stepping pulses in the appropriate
direction until the contents of the Track register are
equal to the contents of the Data Register (the desired
track location). A verification operation takes place if the
V flag is on. The h bit allows the head to be loaded at the
start of the command. An interrupt is generated at the
completion of the command. Note: When using muiti-
ple drives, the track register must be updated for the
drive selected before seeks are issued.

Step

Upon receipt of this command, the FDC 176X issues one
stepping pulse to the disk drive, The stepping motor
direction is the same as in the previous step command.
After a delay determined by the riro field, a verification
takes place if the V flag is on. If the u flag is on, the Track
Register is updated. The h bit allows the head to be
loaded at the start of the command. An interrupt is
generated at the completion of the command.

Step-in

Upon receipt of this command, the FDC 176X issues one
stepping pulse in the direction towards track 76. If the
u flag is on, the Track Register is incremented by one.
After a delay determined by the riro field, a verification
takes place if the V flag is on. The h bit allows the head to
be loaded at the start of the command. An interrupt is
generated at the completion of the command.
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r field in bits T and 0 of the command word. After the
last directional step an additional 30 milliseconds of
head settling time takes place if the Verify flag is set in
Type | commands. If TEST=0, there is zero settling time.
There is also a 30 ms head settling time if the E flag is set
in any Type Il or Il command.

The rates (shown in Table 2) can be applied to a Step-
Direction Motor through the device interface.

Step— A 4 us (MFM) or 8 us (FM) pulse is providedasan
oqtput to the drive. For every step pulse issued, the
drive moves one track location in a direction determined
by the direction output.

Direction (DIRC)— The Direction signal is active high -

when stepping in and low when stepping out. The Direc-
tion signal is valid 24 us before the first stepping pulse
is generated.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by setting bit 2 (V=1) in the command word
to a logic 1. The verification operation begins at the end
of the 30 millisecond settling time after the head is
loaded against the media. The track number from the
first encountered ID Field is compared against the
contents of the Track Register. If the track numbers
compare and the ID Field Cyclic Redundancy Check
(CRC) is correct, the verify operation is complete and an
INTRQ is generated with no errors. The FDC 176X must
find an ID field with correct track number and correct
CRC within 5 revolutions of the media; otherwise the
seek error is set and.an INTRQ is generated.

Table 2. Stepping Rates

DDEN: -0 ] 1 X
I fo TEST=1 | TEST=t TEST=0
0 0 6ms | 6 ms 368us
0 1 i 12 ms 12 ms 380us
1 0 20 ms 20 ms 396us
1 1 | 30ms 30 ms 416us

The Head Load (HLD) output controls the movement of
the read/write head against the media. HLD is activated
at the beginning of a Type | command if the h flag is
set (h=1), at the end of the Type'l command if the verify
flag (V=1), or upon receipt of any Type tl or lll command.
Once HLD is active it remains active until either a Type |
command is received with (h=0 and V=0); or if the
FDC 176X is in an idle state (non-busy) and 15 index
puises have occurred.

Head Load Timing (HLT) is an input to the FDC 176X
which is used for the head engage time. When HLT=1,
the FDC 176X assumes the head is completely engaged.

=
=
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=
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The head engage time is typically 30 to 100 ms depend-
ing on drive. The low to high transition on HLD is
typically used to fire a one shot. The output of the one
shot is then used for HLT and supplied as an input to
the FDC 176X.

HLD
}—50 TO 100mS —a]
"----: l'___—_
[ i J

’

HLT (FROM ONE SHOT)

Head Load Timing

When both HLD and HLT are true, the FDC 176X will
then read from or write to the media. The “and” of HLD
and HLT appears as a status bit in Type | status.

TYPE | COMMANDS FLAG SUMMARY
h=Head Load Flag (Bit 3)

h=1, Load head at beginning
h=0, Unload head at beginning .

V=Verify flag (Bit 2)
V=1, Verify on destination track
V=0, No verify

r1ro=Stepping motor rate (Bits 1-0)
Refer to Table 2 for rate summary
u=Updateflag (Bit 4)
u=1, Update Track register
u=0, No update

EXCEPTIONS

On the FDC 1765/7 devices, the SSO outputis not affected
during Type 1 commands, and an internal side compare
does not take place when the (V) Verify Flag is on.

Type 1l Commands

The Type I Commands are the Read Sector and Write
Sector commands. Prior to loading the Type |l Command
into the Command Register, the system must load the
Sector Register with the desired sector number. Upon
receipt of the Type It command, the busy status Bit is
set. If the E flag=1 (this is the normal case) HLD is made
active and HLT is sampled until true after a 30 msec delay.
If the E flag is 0, HLD is made active and HLT is sampled
with no delay until true. The ID field and Data Field

comparisons again made. If the ID field CRC is correct,
the data field is then located and will be either written
into, or read from depending upon the command. The
FDC 176X must find an ID field with a Track number,
Sector number, side number, and CRC within four
revolutions of the disk; otherwise, the Record not found
status bit is set (Status bit 3) and the command is ter-
minated with an interrupt.

Each of the Type Il Commands contains an (m) flag
which determines if multiple records (sectors) are to be
read or written, depending upon the command. If m=0,
a single sector is read or written and an interrupt is
generated at the completion of the command. If m=1,
multiple records are read or written with the sector
register internally updated so that an address verification
can occur on the next record. The FDC 176X will read
or write multiple records starting with the sector pre-
sently in the sector register. The FDC 176X wili continue
to read or write multiple records and update the sector
register in numerical ascending sequence until the
sector register exceeds the number of sectors on the
track or until the Force Interrupt command is loaded into
the Command Register, which terminates the command
and generates an interrupt.

If the Sector Register exceeds the number of sectors on
the track, the Record-Not-Found status bit will be set.

The Type || commands also contain side selectcompare
flags. When C=0, no side comparison is made. When
C=1, the LSB of the side number is read off the ID
Field of the disk and compared with the contents of
the (S) flag. If the S flag compares with the side number
recorded in the ID field, the 176X continues with the ID
search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The Type Il and 11l commands for the FDC 1765/67
contain a side select flag (bit 1). When U = 0, SSO
is updated to 0. Similarly, U = 1 updates SSO to 1. The
chip compares the SSO to the ID field. If they do not
compare within 5 revolutions, the interrupt line is made
active and the RNF status bit is set.

The FDC 1765/7 READ SECTOR and WRITE SECTOR
commands include a ‘b’ fiag. The ‘b’ flag, in conjunction
with the sector length byte of the ID Field, allows different
byte lengths to be implemented in each sector. For IBM
compatibility, the ‘b’ flag should be set to a one. The
‘s’ flag allows direct control over the SSO Line (Pin 25)
and is set or reset at the beginning of the command,
dependent upon the value of this flag.

:;:"a‘ a““';“fm’:’; be|'°‘”- © o the disk.the FDG 176X Sector Length Table (1761/3 only)
en an ield is located on the disk, the
compares the Track Number on the ID field with the S?:?;?g (Lﬁ gf)th ir:\lgg::?g: ?;e?:?lrt:asl)
Track Register. If there is not a match, the next encountered
ID field is read and a comparison is again made. If there 00 128
is a match, the Sector Number of the ID field is compared 01 256
with the Sector Register. If there is not a Sector match, 02 512
the next encountered ID field is read off the disk and 03 1024
Field Format
GAP| ID TRACK SIDE SECTOR | SECTOR | CRC | CRC | GAP| DATA CRC |CRC
1 AM | NUMBER | NUMBER | NUMBER | LENGTH 1 2 i AM | DATA FIELD 1 2
ID FIELD DATA FIELD

in MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing.
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Read Sector

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field
is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, the data field is presented to the computer. The
Data Address Mark of the data field must be found within
30 bytes in single density and 43 bytes in double density
of the last ID field CRC byte; if not, the Record-Not-
Found status bit is set and the operation is terminated.
been shifted through the DSR, it is transferred to the DR,
and DRQ is generated. When the next byte is accumu-
lated in the DSR, it is transferred to the DR and another
DRQ is generated. If the Computer has not read the
previous contents of the DR before a new character is
transferred that character is lost and the Lost Data
Status bit is set. This sequence continues until the com-
plete data field has been inputted to the computer. If
there is a CRC error at the end of the data fiéld, the
CRC error status bit is set, and the command is termi-
nated (even if it is a multiple record command).

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is recorded
in the Status Register (Bit 5) as shown below:

STATUS
BIT5
1 Deleted Data Mark
0 Data Mark

Write Sector

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, correct side
number, and correct CRC, a DRQ is generated. The
FDC 176X counts off 11 bytes in single density and 22
bytes in double density from the CRC field and the Write
Gate (WG) output is made active if the DRQ is serviced
(i.e., the DR has been loaded by the computer). If DRQ

has not been serviced, the command is terminated and __

the Lost Data status bit is set. If the DRQ has been ser-
viced, the WG is made active and six bytes of zeros in
single density and 12 bytes in double density are then
written on the disk. At this time the Data Address Mark
is then written on the disk as determined by the a, field
of the command as shown below:

ao Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FDC 176X then writes the data field and generates
DRQ’s to the computer. If the DRQ is not serviced in
time for continuous writing, the Lost Data Status Bit is
set and a byte of zeros is written on the disk. The com-
mand is not terminated. After the last data byte has been
written on the disk, the two-byte CRC is computed
internally and written on the disk followed by one byte
of logic ones in FM or in MFM. The WG output is
then deactivated. For a 1 MHz clock, the INTRQ will
set 16 or 24 usec after the last CRC byte is written.

BIT
7(6]5]4]312]1|0| COMMAND
1]0|0|m|F|E}Fy|0 | READ SECTOR
1]0]1[m|Fz|E|Fs]ac| WRITE SECTOR

DELAY (E)

|—— DATA ADDRESS MARK (ao)

F. (1761/3) SIDE COMPARE FLAG (C)
F4 (1765/7) SIDE SELECT FLAG (S) _{(1)=Update SSO to 1

No delay between HLD activation and HLT Sampling
1=15 ms delay between HLD activating and HLT Sampling

F2 (1761/3) SIDE SELECT FLAG (S)

F2 (1765/7) SECTOR LENGTH FLAG ()] o= | 250 512

MULTIPLE SECTORS (m)

Figure 1. Type Il and Il Flag Summary

0=Write hex FB (data) into Data Address Mark field
1=Write hex F8 (deleted data) into Data AM field

0=Side number not tested
1=Side number tested

=Update SSO to 0

0=Compare for side 0
1=Compare for side 1

Sector Length Field
00 01 10 N

256 512 1024 128
512 1024

0=Read (or Write) Single Sectors
1=Read (or Write) Multiple Sectors
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Type Il Commands

There are three Type il Commands:

e READ ADDRESS—Read the next ID field (6 bytes)
into the FDC.

e READ TRACK—Read all bytes of the entire track,
including gaps.

e WRITE TRACK—Write all bytes to the entire track,
including gaps.

Read Address

Upon receipt of the Read Address command, the head is

joaded and the Busy Status Bit is set. The next en-
countered ID field is then read in from the disk, and the
six data bytes of the ID field are assembled and trans-
ferred to the DR, and a DRQ is generated for each byte.

The six bytes of the ID field are shown below:

TRACK SIDE SECTOR SECTOR | CRC| CRC|
ADDR NUMBER | ADDRESS | LENGTH 1 2
1 2 3 4 5 6

Although the CRC characters are transferred to the
computer, the FDC176X checks for validity and the CRC

error status bit is set if there is a CRC error. The Track
Address of the ID field is written into the sector register.
At the end of the operation an interrupt is generated and
the Busy Status is reset.

Read Track

flnnm Aimd AF A Dr\ﬂd Trant, AanmanmaanAd

~ vAn tHhia hAnA ia
CpUE PUUTHDL Ut vl srows GO

loaded and the Busy Status bit is set. Reading starts
with the leading edge of the first encountered index
pulse and continues until the next index pulse. As each
byte is assembled it is transferred to the Data Register
and the Data Request is generated for each byte. No
CRC checking is performed. Gaps are included in the
input data stream. The accumulation of bytes is synchro-
nized to each Address Mark encountered. Upon com-
pletion of the command, the interrupt is activated. RG
is not activated during the Read Track Command. An
internal side compare is not performed during a
Read Track.

This command has several characteristics which make it
suitable for diagnostic purposes. They are: the Read
Gate is not activated during the command; no CRC
checking is performed; gap information is included in
the data stream; the internal side compare is not per-

[

GAP 3

COMPLETE SECTOR

NO GAP | GAP FC G/:P 1D GAP

DATA GAP D GAP
2

FIELD

1 3 FIELD 2

pDATA | GAP LAST
FEwD2 | o3 DATA
FIELD

SYNG 4 FIELD 1 2
INDEX DETECTED —l

s | c2
3 TIMES MFM ONLY ]‘J

INDEX AM
DR = F6 WRITE

"DR=FS5 WRITE 3 TIMES MFM ONLY

Ll
Gap 1 10 | TRACK sioe | secTor | secTor | crc | cAc | AP |, [oaTa | oata | oo | cre
3 ! A | NUMBER | NUMBER | NUMBER [ LENGTH | 2 2 am | FIELD
DR FE—l /
TRACK NUMBERS 00-4A 2 BYTE CRC
WRITTEN
SINGLE SIDED:  NUMBER 00 DR -FB DR F7
DOUBLE SIDED.  SIDE 000
DOUBLE SIDED.  SIDE 101 2 BYTES GRC WRITTEN
’ DR =F7
BYTES/SECTOR
SECTOR NO | M| MM
SECTOR LENGTH
01-1A I 128 256 R
01-0F 256 512 <
01-08 s12 | 104 o1 256 Flgure 2. 1BM
! - 02 512

L

03 1024

Compatible Sector/Track Format

Table 3. Control Bytes For Initialization

DATA PATTERN FDC 176X INTERPRETATION FDC 176X INTERPRETATION
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)
00 thru F4 : Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 H Now Allowed Write A1* in MFM, Preset CRC
F6 Not Ailowed Write C2" in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes
F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with Clk = D7 Write FC in MFM
FD Write FD with Clk = FF Write FD in MFM
FE Write FE, Clk = C7, Preset CRC Write FE in MFM
FF Write FF with Clk = FF Write FF in MFM

*Missing clock transition between bits 4 and 5
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formed; and the address mark detector is on for the
duration of the command. Because the A.M. detector .
is always on, write splices or noise may cause the chip
to look for an A.M. If an address mark does not appear
on schedule the Lost Data status flag is set. The IDAM.,
ID field, 1D CRC bytes, DAM, Data, and Data CRC
Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly during write-splice time’
because of synchronization.

Write Track

Upon receipt-of the Write Track command, the head is
loaded and.the Busy -Status-bit-is-set-Writing-starts

Type IV Commands

Force Interrupt is the only Type IV command. This
command permits the MPU to terminate (abort) any
command in progress. Figure 3 tabulates the Type IV
command option bits.

The four bits, lo-I3, are used to select the condition of the

- interrupt occurrence. Regardiess of which bit is set, any

command currently being executed is immediately
terminated and the Busy status bit is cleared, indicating
“Not Busy”. Then, when the condition is met, INTRQ
goes high, causing the required interrupt.

_If 1o=13 are all “0”, no interrupt occurs, but any curren4

with the leading edge of the first encountered index
pulse and continues until the next index pulse, at which
time the interrupt is activated. The Data Request is
activated immediately upon receiving the command,
but writing will not start until after the first byte has been
loaded into the Data Register. If the DR has not been
loaded by the time the index pulse is encountered the:
operation is terminated making the device Not Busy, the
Lost Data Status Bit is set, and the Interrupt is activated.

If a byte is not present in the DR when needed, a byte of
zeros is substituted. Address Marks and CRC characters
are written on the disk by deteéting certain data byte
‘patterns in the outgoing data stream as shown in the
table below. The CRC generator is initialized when any
data byte from F8 to FE is about to be transferred from
the DR to the DSR in FM or by receipt of F5 in MFM.

Disk formatting (initialization) is accomplished by the
Write Track command. Each byte for the entire track
must be provided for proper formatting. This includes
gap as well as data bytes.

The sequence required to format a dtskette beglns with
positioning the Read/Write head at the desired track.
‘'Once this has been done, it is necessary to perform a
Write Track command to store all the information on a
track. The Write Track command uses DRQ to request
each byte from the system MPU, starting with the byte at
the beginning of the physical Index Pulse and ending
with the last gap bytes at the end of the track. Figure 2
illustrates the IBM standard for track formatting.

Normally, each data byte stored on the diskette must
be generated by the system MPU and passed into the
FDC Data Register. However, there are exceptions to
this rule. If a data byte of hex F5 through FE is entered
into the Data Register, then the FDC recognizes this as
an AM with missing clocks or CRC generation code.’
Consequently, F5 through FE must not be used in gaps,
data fields, or ID fields, as this will disrupt normal opera-
tion of the FDC during formatting. Table 3 shows the
definition of F5 through FE for disk intialization.

executing command is immediately terminated. If more
than one condition is selected, then the interrupt occurs
when any of the conditions is met.

To clear the interrupt, it is necessary to read the Status
Register or to write the Command Register. An exception,
however, is for I3=1 (Immediate Interrupt). For this case,

-.the interrupt is cleared with another Force Interrupt

command with lo-Is all low.

Itis necessary to wait 16 microseconds (double density)
or 32 microseconds. (single density) before issuing a
new command after issuing a force interrupt. Loading
a new command sooner than this will nullify the forced
interrupt.

Status Register

The Status Register permits the MF’U to monitor a variety
of conditions in the FDC. For each command, the
individual status bits have their own meaning. When a

-command is initiated (except for the Force Interrupt
~command), the Busy status bit is set and the others are

cleared or updated. If the Force Interrupt command is
entered when another command is in progress, the
Busy status bit is cleared, but the others remain
unaffected. However, if the Force Interrupt command

" is initiated when there is not another command in pro-

gress, the other status bits are cleared or updated and
represent the Type | Command status. Figure 4 illustrates
the meaning of the status bits for each command.

The user has the option of reading the status register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data register is
read the DRQ bit in the status register and the DRQ line
are automatically reset. A write to the Data register
also causes both DRQ’s to reset.

The busy bit in the status may be momtored with a user
program to determine-when a command is compiete, in
lieu of using the INTRQ line. When using the INTRQ, a

. busy status check is not recommended because a read

of the status register to determine the condmon of
busy will reset the INTRQ line.
Because of internal sync cycles, certain time delays

“must be observed when operating under programmed

1/0. They are shown in Figure 3A.

BIT
716]514] 3] 2] ] 0] commanp
T [0 [ b1 ] ] ] FORCE INTERRUPT |

, O No effect . :
READY T"”‘S”'o"‘{ 1 Forces INTRQ when READY mput goes low-to-high

O No eftect

| L NOT-READYTRANSITION— | Fqices INTRQ when READY 1put goes nigh-to-iow

! [0 NoEttect
‘ INDEXPULSE ;' Forces INTRQ on next INDEX putse input

L— MMEDIATE| O No effect

1 Forces INTRO immediately

Figure 3.
Force Interrupt Command Flags

Delay Req'd.
Operation Next Operation FM MFM
\Write to Read Busy Bit 24 s 12 us
Command Reg.| (Status Bit 0)
Write to Read Status 56 us 28 us
"|[Command Reg. | Bits 1-7
(Write Any Read From Diff. 0 0
Register Register
Figure 3A.

Observed delay during programmed I/0
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Figure 4A. Status Register Summary

7 6 5 4 3 2 1 0
ALL TYPE ! Mot Ready Write Protect Hoad Loaded Sock Errer CRC Errer Track 0 | !ndox Susy
READ SECTOR Not Ready 0 Record Type | Rec not Found | CRC Error Lost Data DRQ Busy
WRITE SECTOR Not Ready Write Protect Write Fault Rec not Found | CRC Error Lost Data DRQ Busy
READ ADDRESS Not Ready o] 0 Rec not Found | CRC Error Lost Data DRQ Busy
READ TRACK Not Ready 0 0 0 0 Lost Data DRQ Busy
WRITE TRACK Not Ready Write Protect Write Fault [ 0 Lost Data DRQ Busy

Figure 4B. Status Description for Type | Commands
BIT [ NAME MEANING
S7 | NOT READY . This bit when set indicates the drive is not ready. When reset it indicates that the drive is
ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR.

S6 | PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input.
S5 | HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD

and HLT signals.

’SEEK ERROR

S4 When set, the desired track was not verified. This bit is reset to 0 when updated.

S3 | CRC ERROR CRC encountered in ID field.

S2 | TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy
of the TROO input.

S1 | INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
IP input.

S0 | BUSY When set command is in progress. When reset no command is in progress.

Figure 4C. Status Description for Type Il and Il Commands

BIT | NAME MEANING

S7 | NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type |l
and Hl Commands will not execute unless the drive is ready.

S6 | WRITE PROTECT| On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write
Protect. This bit is reset when updated.

S5 | RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark.

WRITE FAULT 1=Deleted Data Mark. 0=Data Mark. On any Write: It indicates a Write Fault. This bit is

reset when updated.

S4 | RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset

FOUND (RNF) when updated.

S3 | CRC ERROR If S4 is set, an error is found in one or more 1D fields; otherwise it indicates error in data
field. This bit is reset when updated.

S2 | LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

S1 DATA REQUEST | This bitis a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation
or the DR is empty on a Write operation. This bit is reset to zero when updated.

S0 | BUSY When set, command is under execution. When reset, no command is under execution.
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Write Data Timing:

w %

PARAMETER SYMBOL MIN. TYP. MAX. UNITS CONDITIONS \
Write Déta Pulse Width Twp 900 1000 550 nsec FM
300 500 250 nsec i MFM
Write Gate to Write Data Twg | 4 usec | M
! 2 usec : MFM
| Write data cycle Time _ " Tpe 4,6, 0r8] . _usec | +CLK Error
Early (Late) to Write Data Ts 250 nsec ’ MFM
Early (Late) From Th 250 nsec t MFM
Write Data |
Write Gate off from WD Twif 4 usec I FM
2 Hsec MFM
WD Valid to Clk Twdl 100 nsec
WD Valid after Clk Twd2 100 nsec
WRITE GATE j L
o Twg oo —] Ty ] T |
WRITE DATA | | I l | I
—»‘ '<—Th
T -.-' l<—
sege_ [ 1 | —
- 500 ns ‘j
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ... ... ... ..ot 0°C to +70°C
Storage Temperature Range ............oiieitiriniti e e e —55°C to +150°C
Lead Temperature (sOldering, 10 SBC.) ...ttt e e e e e e +325°C
Positive Voltage on any Pin, with respect to ground ........ ..ot +15V
Negative Voltage on any Pin, with respecttoground ......... ... ... .ot —-0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these ar at any ather condition ahove thase indicated in tha anaratinnal

sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the
AC power line may appear on the DC output. I this possibility exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V +5%, Vop=-12V +5% unless otherwise noted)
PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS

DC CHARACTERISTICS

Input Voltage Levels
Low Level, Vi, 08 \'
High Level, Viu 26 \'%

Output Voltage Levels
Low Level Voo 0.45 \ lo. =1.6 MA
High Level Vou 28 \Y lon=100 pA

Output Leakage, l.o 10 UA Vour=Voo

Input Leakage, I 10 LA Vin=Vop

Output Capacitance 5 pf

Input Capacitance 10 pf

Power Dissipation 600 mwW

AC CHARACTERISTICS

Processor Read Timing )
Address Setup Time tsetm 50 ns Figure 5
Address Hold Time thior 10 ns Figure 5
RE Pulse Width (CL.=50pF) tre 400 ns Figure 5
DRQ Reset Time torr 500 ns Figure 5
INTRQ Reset Time tirr 1000 6000 ns Figure 5
Data Delay Time (CL.=50pF) toacc 350 ns Figure 5
Data Hold Time (CL.=50pF) toon 50 150 ns Figure 5

Microprocessor Write Timing
Address Setup Time tsetw 50 ns Figure 6
Address Hold Time thiow 10 ns Figure 6
WE Pulse Width twe 350 ns Figure 6
DRQ Reset Time torr - 500 ns Figure 6
INTRQ Reset Time tirr 1000 6000 ns Figure 6
Data Setup Time tos 250 ns Figure 6
Data Hold Time ton 70 ns Figure 6

Disk Input Data Timing
RAWREAD Pulse Width tow 100 200 ns Figure 7, See Note
Clock Setup Time tq 40 ns Figure 7 See Note
Clock Hold Time for MFM ted 40 ns Figure 7
Clock Hold Time for FM tes 40 ns Figure 7
RAWREAD Cycle Time toc 3000 ns 3600 at 70°C, Figure 7
RCLK High Pulse Width ~ M\M ta - 2 we ,ﬁ:gﬂ;g 7
RCLK Low Pulse Width ~ MEM| ¢, e 2 u E:gg;g :
RCLK Cycle Time MEME . “e g

Miscellaneous Timing
CLK Low Pulse Width tcon 460 500 20000 ns Figure 8
CLK High Pulse Width teoa 460 500 20000 ns Figure 8
STEP Pulse Width MEML to . b Faure 8
DIRC Setup Time tow 24 us Figure 8
MR Pulse Width tmr 50 us Figure 8
IP Pulse Width tie 10 us Figure 8
WF Pulse Width twr 10 us Figure 8
CLK Cycle Time teve 1.0 us Figure 8
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DISK FORMATS

Disks may be formatted in IBM 3740 or System 34

formats with sector lengths of 128, 256, 512, or DATA | No. OF
BYTE | ayrge | COMMENTS
1024 bytes. (hex)
IBM 3740 Format . 4 801 | Gaps
This single-density (FM) format utilizes 128 bytes/ (Post Index)
sector. The bytes to be generated by the system 00 12
MPU for use in the execution of the Write Track :6 3 | Writes C2
command are shown in Figure 9. , 4‘53 A
IBM System 34 Format - i o0 12}——Gapw
This double-density (MFM) format utilizes 256
bytes/sector. The bytes to be generated by the F5 3 | Writes A1
system MPU for use in the execution of the Write
Track command are shown in Figure 10. e . D AM
Non-iBM Formats o . XX 1| Track Number
Unique (non-1BM) formats are permissible provid- ONE (00-4C)
ing the following restrictions are understood. SEGTOR —| ox 1 Side Number
® Sector length may only be 128, 256, 512, or o (00 or 01)
1024 bytes. XX 1 Sector Number
e Gap sizes must conform to Figure 11. o ; g’;c'::)’_en o
In addition, the Index Address Mark is not required (256 Bytes)g
for operation by the FDC 176X. Gap 1, 3, and 4 F7 1 Causes 2-Byte
lengths can be as short as 2 bytes for FDC 176X CRC to be
operation, however PLL lock up time, motor speed Written
: S - ) . 4E 227~ Gap 2 (ID Gap)
variation, write-splice area, etc. willadd more bytes 00 12]_
to each gap to achieve proper operation. It is 5 3 Writes A1
recommended that the appropriate format be used
for highest system reliability.
DATA FB 1 Data AM
BYTE r;(y)TEOSF COMMENTS 40 256 Data Field
{hex) F7 1 Causes 2-Byte
CRC to be
FF 40 _Gap 5 Written
{Post index) 4E 54 Part of Gap 3
00 6 — ® {Data Gap)
FC 1 Index AM 4E 598 Gap 4
FF 2 Figure 10. (Pre Index)
Gap 1 Byte Sequence NOTES: 1 THIS PATTERN MUST BE
| — 00 6 for IBM System-34 WRITTEN 26 TIMES PER
. TRACK
FE 1 1D AM Formatting 2 CONTINUE WRITING HEX
XX 1 Track Number 4E UNTIL FDC COMPLETES
(00-4C) SEQUENCE AND GENERATES
INTRQ INTERRUPT.
ox 1 Side Number
(00 or 01)
X ! (S:,C_ﬂ)N"mbe' SINGLE DOUBLE
GAP DENSITY DENSITY NOTE
00 1 Sector Length (FM) (MFM)
ONE {128 bytes)
SEOTOR— F7 y Causes 2-Byte Gap 1 16 bytes FF 16 bytes 4E 2
CRC to be Gap 2 11 bytes FF 22 bytes 4F
C Written 6 bytes 00 12 bytes 00 1
FF n +Gap 2 (ID Gap) 3 bytes A1
00 6 Gap 3 10 bytes FF 16 bytes 4E
4 bytes GO 8 bytes 00 2
& | e |omare 3 bytes A
ata Fie
4
7 1 Causes 2-Byte Gap 16 bytes FF 16 bytes 4E 2
CRC to be NOTES 1 THESE BYTES COUNTS ARE EXACT
Figure 9. Wri 2 THESE BYTES COUNTS ARE MINIMUM
ritten EXCEPT FOR 3 BYTES A1 WHICH IS EXACT.
Byte Sequence FF 27 Part of Gap 3
for IBM 3740 - ® (Data Gap) Figure 11. Gap Size Limitations
Formatting FF 247 Gap 4
(Pre Index)

NOTES: 1. THIS PATTERN MUST BE WRITTEN 26 TIMES PER TRACK
2. CONTINUE WRITING HEX FF UNTIL FDC COMPLETES
SEQUENCE AND GENERATES INTRQ INTERRUPT

STANMRD MlOQOSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typicai semiconductor applica-
CQORPORATION, -

tions. consequently complete information sufticient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
5 Warcos Ba popeeert assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
773 300 et o ame  devices desciibed any license under ihe paient rights of SMC or others. SMC reserves ine right to make changes
We keep ahead of our competition soyou can keep ahead of yours.  at any time in order to improve design and supply the best product possible
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STANDARD MICROSYSTE
CORPORATIO: ROSOTEMS

S

Floppy Disk
Controller/Formatter FDC 1797-02

FEATURES PIN CONFIGURATION
[J SOFT SECTOR FORMAT COMPATIBILITY
O AUTOMATIC TRACK SEEK WITH VERIFICATION ne 41 aof +12v
[0 ACCOMMODATES SINGLE AND DOUBLE WE 5 2 33 P INTRQ
DENSITY FORMATS S pos ; DRg -
IBM 3740 Single Density (FM) Ti ds 36 h WPRT
IBM System 34 Double Density (MFM) A O6 B/pIP
0 READ MODE DALO" §7 34 TROO
Single/Multiple Sector Read with Automatic Search g:t ; E g gg E ;ngDY
or Entire Track Read DAL3* 010 31p WD
Selectable 128 Byte or Variable Length Record DAL4" G 11 hod dhidy
O WRITE MODE Ao d1s 20h HD z
Single/Multiple Sector Write with Automatic Sector DAL7" {14 27 i RAW READ g
Search STEP 15 26 b RCLK _ =
Entire Track Write for Diskette Initialization i I A ®
[0 PROGRAMMABLE CONTROLS LATE G 18 23 HLT
Selectable Track to Track Stepping Time MR 019 22 h TEST
Side Select Compare GND Q20 .  21p 45V
El SYSTEM COMPATIBILITY *INVERTED BUS FOR FDC 1791, FDC 1792, FDC 1795
Double Buffering of Data 8 Bit Bi-Directional Bus for MUST BE LEZ}SE,EE;‘;’; E:?,CDY 22 and FOC 1784
Data, Control and Status

DMA or Programmed Data Transfers

FDC 1791-02
FDC 1792-02
FDC 1793-02
FDC 1794-02
FDC 1795-02

FDC

MPC FAMILY

All Inputs and Outputs are TTL Compatible
On-chip Track and Sector Registers/Comprehensive
Status Information
[0 WRITE PRECOMPENSATION (MFM AND FM)
[0 SIDE SELECT LOGIC (FDC 1795, FDC 1797)
0 WINDOW EXTENSION (IN MFM)

00 INCORPORATES ENCODING/DECODING
AND ADDRESS MARK CIRCUITRY
[0 COMPATIBLE WITH FD179X-02
0 COPLAMOS® n-CHANNEL MOS TECHNOLOGY
[J COMPATIBLE WITH THE FDC 9216 FLOPPY DISK
DATA SEPARATOR

GENERAL DESCRIPTION

The FDC 179X is an MOS/LSI device which performs the
functions of a Floppy Disk Controller/Formatter in a
single chip implementation. The basic FDC 179X chip
design has evolved into six specific parts: FDC 1791,
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the
FDC1797.

This FDC family performs all the functions necessary
to read or write data to any type of floppy disk drive.
Both 8” and 5%" (mini-floppy) drives with single or
double density storage capabilities are supported.
These n-channel MOS/LSI devices will replace a iarge
amount of discrete logic required for interfacing a host
processor to a floppy disk.

The FDC 1791 is IBM 3740 compatible in single density
mode (FM) and System 34 compatible in double density
mode (MFM). The FDC 1791 contains enhanced fea-
tures necessary to read/write and format a double

density diskette. These include address mark detection,
FM and MFM encode and decode logic, window ex-
tension, and write precompensation.

The FDC 1793 is identical to the FDC 1791 except the
DAL lines are TRUE for systems that utilize true
data busses.

The FDC 1792 operates in the single density mode only.
Pin 37 (DDEN) of the FDC 1792 must be left open for
proper operation. The FDC 1794 is identical to the
FDC 1792 except the DAL lines are TRUE for systems
that utilize true data busses. The FDC 1795 adds side
select logic to the FDC 1791. The FDC 1797 adds the
side select logic to the FDC 1793.

The processor interface consists of an 8 bit bidirectional
bus for data, status, and control word transfers. This
family of controllers is configured to operate on
multiplexed bus with other bus-oriented devices.
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FDC 179X BLOCK DIAGRAM

¥

1

DATA COMMAND H SECTOR —  TRACK STATUS
REG ""REG REG REG ; REG
! RAWREAD
DATA
lwd  SHIFT
REG
, |aw
WRITE DATA ]
(TO DISK) —=
AM
DETECTOR RCLK
DRQ WG
S e | [ TG
] WPRT
13} " WENFOE
o % .
— e . e ——
RE : ot
—WE ™| COMPUTER CONTROL PLA CONTROL DISK READY
w2 gl INTERFACE CONTROL INTERFACE et
— A0 .1 CONTROL (230 x 16) CONTROL | ____STEP
— A | __OIRC
EARLY
LATE
CLK RG/SSO
— i
5EN HLD
———
DDEN LD
RAW READ
DATA (8)
RCLK
A0 RG
At LATE
&5 EARLY
c = wD
S RE — F
: = 4 2
u <
T R &1k P
E <’ Y
R FLOPPY DISK we o
CONTROLLER/ 1
,f, FORMATTER WPR s
T K
3 +5v WFAFGE
R D
F 13 R
A |
c TROO v
E . E
10K 10K READY.
TGA3
<
DRQ STEP
INTRQ DIRC
CLK
+5V
HLD
SYSTEM BLOCK DIAGRAM ooEn r GRS
DDEN § ED)
l GND Voo Veo [+—® &
= !
+5v
i 12 45V
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION

1 "NO CONNECTION . ' NC . This p|n is internally connected to the substrate bias generator and
' : must be left open.
20 GROUND Vss Ground
21 POWER SUPPLY Nee +5V
40 POWER SUPPLY : Voo |12y B
19 ‘MASTER RESET MR . | Alogic low on this input resets the device and loads HEX 03 into

the command register. The Not Ready (Status Bit 7) is reset during
MR ACTIVE. When MR is brought to a logic high a Restore
Command is executed, regardless of the state of the Ready signal
from the drive. Also, HEX-01 is loaded into the sector register.

COMPUTER INTERFACE:

2 WRITE ENABLE : WE A logic low on_this input gates data on the DAL into the selected
register when CS is low.

3 CHIP SELECT Cs A logic low on this input selects the chip and the parallel
data bus (DAL).

4 READ ENABLE RE A logic low on this input controls the placement of data from a
. ’ selected register on DAL@-DAL7 when CS is low.

5,6 REGISTER SELECT AQ, A1 " | These inputs select the register to recevve/transfer data on the DAL
LINES . lines under RE and WE control: z
' A1 A0 RE WE e
0 0 | Status Reg Command Reg o
0 1 | Track Reg Track Reg @
1 0 | Sector Reg Sector Reg
1 1 Data Reg Data Reg
7-14 DATA ACCESS LINES . DALO- | Eight bit Bidirectional bus used for transfer of data. control, and

DAL7 status. This_bus is a receiver enabled by WE or a transmitter
enabled by RE. The Data Bus is inverted on the FDC 1791, FDC 1792
and FDC 1795.

24 CLOCK ‘ ' CLK ‘This input requires a free-running square wave clock for internal
timing reference, 2 MHz for 8" drives, 1 MHz for 5% drives.

38 DATA REQUEST ".DRQ This open drain output indicates that the DR contains assembied

. data in' Réad operations, or the DR is empty in Write operations.
This signal is reset when serviced by the computer through reading
or loading the DR in Read or Write operations, respectively. Use a
10K puli-up resistor to +5V.

39 INTERRUPT REQUEST INTRQ | This open drain output is set at the completion or termination

of any operation and is reset when a new command is loaded into
the command register or the status register is read. Use a 10K
pull-up resistar to +5V.

FLOPPY DISK INTERFACE:

15 STEP STEP Step and direction motor control. The step output contains a pulse
for each step.

16 DIRECTION DIRC | Direction Qutput is active high when stepping in, active low when
stepping out.

17 EARLY EARLY | Indicates that the write data pulse occurring while Early is active
(high) should be shifted early for write precompensation.

18 LATE LATE Indicates that the write data pulse occurring while Late is active
(high) should be shifted late for write precompensation.

22 TEST TEST This input is used for testing purposes only and should be tied to
+5V or left open by the user unless interfacing to voice coil
actuated motors.

23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is assumed
to be engaged.
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PIN NO. NAME SYMBOL FUNCTION

25 READ GATE (1791/3) RG A high level on this output indicates to the data separator circuitry
that a field of zeros (or ones) has been encountered. and is used
for synchronization.

25 SIDE SELECT OUTPUT SSO The logic level of the Side Select Output is directly controlled by

(1795, 1797) the ‘S’ flag in Type Il or Il commands. When S=1, SSO is set to
a logic 1. When S=0, SSO is set to a logic 0. The Side Select Output
is only updated at the beginning of a Type Il or Ill command. It is
forced to a logic 0 upon a MASTER RESET condition.

26 READ CLOCK RCLK A nominal square-wave clock signal derived from the data stream
must be provided to this input. Phasing (i.e. RCLK transitions)
relative to RAW READ is important but polarity (RCLK high or low)
is not.

27 RAW READ RAW The data input signal directly from the drive. This input shall be a

READ negative pulse for each recorded flux transition.

28 HEAD LOAD HLD The HLD output controls the loading of the Read-Write head
against the media. -

29 TRACK GREATER TG43 This output informs the drive that the Read/Write head is positioned

THAN 43 between tracks 44-76. This output is valid only during Read and
Write Commands.

30 WRITE GATE WG This output is made valid before writing is to be performed
on the diskette.

31 WRITE DATA WD A 250 ns (MFM) or 500 ns (FM) pulse per fiux transition. WD contains
the unique Address marks as well as data and clock in both FM and
MFM formats.

32 READY READY | This input indicates disk readiness and is sampled for a logic high
before Read or Write commands are performed. If Ready is low the
Read or Write operation is not performed and an interrupt is
generated. Type | operations are performed regardless of the state
of Ready. The Ready input appears in inverted format as Status
Register bit 7.

33 WRITE FAULT/ WF/VFOE | This is a bi-directional signal used to signify writing faults at the

VFO ENABLE drive, and to enable the external PLO data separator. When WG =1,
Pin 33 functions as a WF input. If WF=0, any write command will
immediately be terminated. When WG =0, Pin 33 functions as a
VFOE output. VFOE will go low during a read operation after the
head has loaded and settied (HLT=1). On the 1795/7, it will remain
low until the last bit of the second CRC byte in the ID field. VFOE
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the
Address Mark. It will then go active until the last bit of the second
CRC byte of the Data Field. On the 1791/3, VFOE will remain low
until the end of the Data Field.

34 TRACK 00 TROO This input informs the FDC179X that the Read/Write head is
positioned over Track 00.

35 INDEX PULSE P This input informs the FDC179X when the index hole is encountered
on the diskette.

36 WRITE PROTECT WPRT | This input is sampied whenever a Write Command is received.

A logic low terminates the command and sets the Write Protect
Status bit.
37 DOUBLE DENSITY DDEN This pin selects either single or double density operation. When

DDEN=0, double density is selected. When DDEN=1, single
density is selected. This line must be left open on the 1792/4.
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FUNCTIONAL DESCRIPTION

The FDC 179X-02 major functional blocks are as follows:
Data Shift Register —This 8-bit register assembles serial
data from the Read Data input (RAW READ) during
Read operations and transfers serial data to the Write
Data output during Write operations.

Data Register— This 8-bit register is used as a holding
register during Disk Read and Write operations. In Disk
Read operations the assembled data byte is transferred

in parallel to the Data Register from the Data Shift

Register. In Disk Write operations information is trans-
ferred in parallel from the Data Register to the Data
Shift Register.

When executing the Seek command the Data Register
holds the address of the desired Track position. This
register is loaded from the DAL and gated onto the DAL
under processor control.

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the 1D field during disk Read or Write opera-
tions. The Sector Register contents can be loaded from
or transferred to the DAL. This register should not be
loaded when the device is busy.

Command Register (CR)— This 8-bit register holds the
command presently being executed. This register should
not be loaded when the device is busy unless the new
command is a Force Interrupt. The command register
can be loaded from the DAL, but not read onto the DAL.
Status Register (STR) — This 8-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed.

This register can be read onto the DAL, but not loaded
from the DAL.

CRC Logic—This logic is used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The poly-
nomial is: G(x)=x"®+x"2+x5+1.
Track Register—This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head stepped in
_(towards track 76)-and-decremented-by-one when the-
head is stepped out (towards track 00). The contents
of the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should not
be loaded when the device is busy.

The CRC includes all information starting with the
address .mark and up to the CRC characters. The CRC
register is preset to ones prior to data being shifted
through the circuit.

Arithmetic/Logic Unit (ALU)—The ALU is a serial
comparator, incrementer, and decrementer and is used
for register modification and comparisons with the disk
recorded ID field.

Timing and Control— All computer and Floppy Disk
Interface controls are generated through this togic. The
internal device timing is generated from an external
crystal clock.

AM Detector—The address mark detector detects ID,
data and index address marks during ready and
write operations.

OPERATION

FDC 1791, FDC 1793, FDC 1795 and FDC 1797 have two
modes of operation according to the state of DDEN
(Pin 37). When DDEN=1, single density is selected. In
either case, the CLK input (Pin 24) is at 2 MHz. However,
when interfacing with the mini-floppy, the CLK input is
set at 1 MHz for both single density and double density.
When the clock is at 2 MHz, the stepping rates of 3, 6, 10,
and 15 ms are obtainable. When CLK equals 1 MHz these
times are doubled.

DDEN must be left open for the FDC 1792 and FDC 1794.

Disk Read Operation

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM, DDEN should be
placed to logical “1.” For MFM formats, DDEN should
be placed to a logical “0.” Sector lengths are determined
at format time by a special byte in the “ID” field. If this
Sector length byte in the ID field is zero, then the sector
length is 128 bytes. If 01 then 256 bytes. If 02, then
512 bytes. If 03, then the sector length is 1024 bytes.
The number of sectors per track can be from 1 to 255
sectors. The number of tracks is from 0 to 255 tracks.
For read operations, the FDC 179X requires RAW READ
Data (Pin 27) signal which is a 250 ns pulse per flux
transition and a Read clock (RCLK) signal to indicate
flux transition spacings. The RCLK (Pin 26) signal is

‘provided by some drives but if not,it may be derived
externally by Phase lock loops, one shots, or counter
techniques. In addition, a Read Gate Signal is provided
as an output (Pin 25) which can be used to inform phase
lock loops when to acquire synchronization. When
reading from the media in FM, RG is made true when
2 bytes of zeroes are detected. The FDC179X must find
an address mark within the next 10 bytes; otherwise RG
is reset and the search for 2 bytes of zeroes begins all
over again. If an address mark is found within 10 bytes,
RG remains true as long as the FDC179X is deriving any
useful information from the data stream. Similarly for
MFM, RG is made active when 4 bytes of “00” or “FF” are
detected. The FDC179X must find an address mark
within the next 16 bytes, otherwise RG is reset and
search resumes. ‘
During read operations (WG =0), the VFOE (Pin 33) is
provided for phase lock loop synchronization. VFOE
will go active when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

¢) The 179X is inspecting data off the disk
If WE/VFOE is not used, leave open or tie to a 10K
resistor to +5.

On Disk Read operations the Data Request is activatgd
(set high) when an assembled serial input byte is
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transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost by having new data transferred into
the register prior to processor readout, the Lost Data bit
is set in the Status Register. The Read operation con-

tiniiaa 1imdil tha and nf centar ie roarhan
LRUCS Until the ong Q7 seCior is reached,

Disk Write Operation

When writing is to take place on the diskette the Write
Gate (WG) output is activated, allowing current to flow
into the Read/Write head. As a precaution against
erroneous writing the first data byte must be loaded into
the Data Register in response to a Data Request from the
FDC179X before the Write Gate signal can be activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is immedi-
ately terminated, an interrupt is generated and the Write
Protect status bit is set. The Write Fault input, when
activated, signifies a writing fault condition detected
in disk drive electronics such as failure to detect write
current flow when the Write Gate is activated. On detec-
tion of this fault the FDC179X terminates the current
command, and sets the Write Faulit bit (bit 5) in the Status
Word. The Write Fault input should be made inactive
when the Write Gate output becomes inactive.

For write operations, the FDC179X provides Write Gate
(Pin 30) and Write Data (Pin 31) outputs. Write data
consists of a series of 500 ns pulses in FM (DDEN=1)

and 250 ns pulses in MFM (DDEN=0). Write Data pro-
vides the unique address marks in both formats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin 17)
and LATE (Pin 18). EARLY is active true when the WD
pulse appearlng on (Pin 30) is to be written early LATE
Ia auuvc l.| uc "IIUH Lhw "'D puuac IO I.U bG 'vllllcll I-.l"\l i_
If both EARLY and LATE are low when the WD pulse is
present, the WD pulse is to be written at nominal. Since
write precompensation values vary from disk manu-
facturer to disk manufacturer, the actual value is
determined by several one shots or delay lines which are
located external to the FDC179X. The write precompen-
sation signals EARLY and LATE are valid for the duration
of WD in both FM and MFM formats.

On Disk Write operations the Data Request is activated
when the Data Register transfers its contents to the
Data Shift Register, and requires a new data byte. It is
reset when the Data Register is loaded with new data by
the processor. If new data is not loaded at the time the
next serial byte is required by the Floppy Disk, a byte
of zeroes is written on the diskette and the Lost Data
bit is set in the Status Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the status
register or by loading the command register with a new
command. In addition, INTRQ is generated if a Force
Interrupt command condition is met.

COMMAND WORDS

The FDC179X will accept eleven commands. Command
words should only be loaded in the Command Register
when the Busy status bit is off (Status bit 0). The one
exception is the Force Interrupt command. Whenever
a command is being executed, the Busy status bit is set.
When a command is completed, an interrupt is gener-
ated and the Busy status bit is reset. The Status Register
indicates whether the completed command encountered
an error or was fault free. For ease of discussion,
commands are divided into four types. Commands and
types are summarized in Table 1.

Table 1. Command Summary

BITS
COMMAND TYPE|7 6 5§ 4 3 2 1 0
Restore | 0 0 0 0 h V. rnn
Seek | 0 0 01 h Vnrn
Step | 0 01 uh Vno
Step In | 01 0 u h V. norn
Step Out | 0 11 uh V nrn
Read Sector 1] 1 0 0m€F EFO
Write Sector 1 1 0 1 m F2 E Fi a
Read Address 1 110 0 0 E OO
Read Track ] 111 0 0 E 0 O
Write Track 1 111 1 0 E 0 0
Force Interrupt} IV 1 1 0 1 g Iz Iy g
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Type | Commands

The Type | Commands are Restore, Seek, Step, Step-In,
and Step-Out. Each of the Type | Commands contains a
rate field (ror1), which determines the stepping motor
rate as defined in Table 2.

The Type | Commands contain a head load flag (h) which
determines if the head is to be loaded at the beginning
of the command. If h=1, the head is loaded at the
beginning of the command (HLD output is made active).
If h=0, HLD is deactivated. Once the head is loaded,
the head will remain engaged until the FDC179X receives
a command that specifically disengages the head. If
the FDC179X is idle (busy=0) for 15 revolutions of the
disk, the head wiii be automaticaiiy disengaged (HLD
made inactive).

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is to
take place on the destination track. I1f V=1, a verification
is performed, if V=0, no verification is performed.

During verification, the head is loaded and after an
internal 15 ms delay, the HLT input is sampled. When
HLT is active (logic true), the first encountered ID field
if read off the disk. The track address of the ID field is
then compared to the Track Register; if there is a match
and a valid ID CRC, the verification is complete, an
interrupt is generated and the Busy status bit is reset. If
there is not amatch but thereis valid ID CRC, an interrupt




is generated, and Seek Error Status bit (Status bit 4) is
set and the Busy status bit is reset. If there is a match but
not a valid CRC, the CRC error status bit is set (Status
bit 3), and the next encountered ID field is read from the
disk for the verification operation. If an ID field with a
valid CRC cannot be found after four revolutions of the
disk, the FDC179X terminates the operation and sends
an interrupt (INTRQ).

The Step, Step-In, and Step-Out commands contain an
Update flag (u). When u=1, the track register is updated
by one for each step. When u=0, the track register is

On the FDC 1795/7 devices, the SSO output is not
affected during Type 1 commands, and an internal side
compare does not take place when the. (V) Verify Flag
is on.

Restore (Seek Track 0)

Upon receipt of this command the- Track 00 (TROO)
input is sampled. if TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is gener-
ated. If TROO is not active low, stepping pulses (pins 15
to 16 at a rate specified by the riro field are issued until
the input is activated. At this time the Track
Reglster is loaded with zeroes and an interrupt is gener-
ated. If the TROO input does not go active low after 255
stepping pulses, the FDC179X terminates operation,
interrupts, and sets the Seek error status bit. A verification
operation takes place if the V flag is set. The h bit allows
the head to be loaded at the start of command. Note that
the Restore command is executed when MR goes from
an active to an inactive state.

Seek

This command assumes that the Track Register contains
the track number of the current position of the Read-
Write head and the Data Register contains the desired
track number. The FDC179X will update the Track
register and issue stepping pulses in the appropriate
direction until the contents of the Track register are
equal to the contents of the Data Register (the desired
track location). A verification operation takes placeifthe
V flag is on. The h bit allows the head to be loaded at the
start of the command. An interrupt is generated at the
completion of the command.

Step

Upon receipt of this command, the FDC179X issues one
stepping pulse to the disk drive. The stepping motor
direction is the same as in the previous step command.
After a delay determined by the riro field, a verification
takes place if the V flag is on. If the u flag is on, the Track
Register is updated. The h bit allows the head to be
loaded at the start of the command. An interrupt is
generated at the completion of the command.

Step-In

Upon receipt of this command, the FDC179X issues one
stepping pulse in the direction towards track 76. If the
u flag is on, the Track Register is incremented by one.
After a delay determined by the ryro field, a verification
takes place if the V flag is on. The h bit allows the head to
be loaded at the start of the command. An interrupt is
generated at the completion of the command.

Step-Out

Upon receipt of this command, the FDC179X issues one
stepping pulse in the direction towards track 0. If the
u flag is on, the Track Register is decremented by one.
After a delay determined by the rir, field, a verification
takes place if the V flag is on. The h bit allows the head to
be loaded at the start of command. An interrupt is
generated at the completion of the command.

Head Positioning

The period of each positioning step is specified by the
r field in bits 1"and 0 of the command word. After the
last directional step an additional 15 milliseconds of
head settling time takes place if the Verify flag is set in
Type | commands. Note that this time doubles to 30 ms
for a 1 MHz clock. If TEST=0, there is zero settling time.
There is also a 15 ms head settling time if the E flag is set
in any Type |l or Il command.

The rates (shown in Table 2) can be applied to a Step-
Direction Motor through the device interface.

Step—A 2 us (MFM) or 4 us (FM) pulse is provided as an
output to the drive. For every step pulse issued, the
drive moves one track location in a direction determined
by the direction output.

Direction (DIRC)—The Direction signal is active high
when stepping in and low when stepping out. The Direc-
tion signal is valid 12 us before the first stepping pulse
is generated.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by setting bit 2 (V=1) in the command word
to a logic 1. The verification operation begins at the end
of the 15 millisecond settling time after the head is
loaded against the media. The track number from the
first encountered ID Field is compared against the
contents of the Track Register. If the track numbers
compare and the ID Field Cyclic Redundancy Check
(CRC) is correct, the verify operation is complete and an
INTRQ is generated with no errors. The FDC179X must
find an ID field with correct track number and correct
CRC within 5 revolutions of the media; otherwise the
seek error is set and an INTRQ is generated.

Table 2. Stepping Rates

CLK: 2MHz 2MHz 1MHz 1MHz 2MHz 1MHz
DDEN: 0 1 0 1 X X
1 ro TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0

0 3 ms 3ms 6 ms 6ms 184us  368us
1 6 ms 6ms 12ms 12ms 190us ~ 380us
0
1

10ms 10ms 20ms 20ms 198us  396us
15ms 15ms 30ms 30ms .208us 416us

- w00

The Head Load (HLD) output controls the movement of
the read/write head against the media. HLD is activated
at the beginning of a Type | command if the h flag is
set (h=1), at the end of the Type | command if the verify
flag (V=1), or upon receipt of any Type Il or lll command.
Once HLD is active it remains active until either a Type |
command is received with (h=0 and V=0); or if the
FDC179X is in an idle state (non-busy) and 15 index
pulses have occurred.

Head Load Timing (HLT) is an input to the FDC179X
which is used for the head engage time. When HLT=1,
the FDC179X assumes the head is completely engaged.
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The head engage time is typically 30 to 100 ms depend-
ing on drive. The low to high transition on HLD is
typically used to fire a one shot. The output of the one
shot is then used for HLT and supplied as an input to
the FDC179X.

HLD [-———J

|=e—50 TO 100mS —=]

i |

HLT (FROM ONE SHOT)

be—-
’

~

Head Load Timing

When both HLD and HLT are true, the FDC 179X will then
read from or write to the media. The “and” of HLD and
HLT appears as a status bit in Type | status.

TYPE | COMMANDS FLAG SUMMARY
h=Head Load Flag (Bit 3)

h=1, Load head at beginning
h=0, Unload head at beginning

V=Verify flag (Bit 2)

V=1, Verify on destination track
V=0, No verify

r1ro= Stepping motor rate (Bits 1-0)
Refer to Table 2 for rate summary
u=Updateflag (Bit 4)

u=1, Update Track register
u=0, No update

Type Il Commands

The Type || Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Command
into the Command Register, the system must load the
Sector Register with the desired sector number. Upon
receipt of the Type |l command, the busy status Bit is
set. If the E flag=1 (this is the normal case) HLD is made

is a match, the Sector Number of the IDfield is compared
with the Sector Register. If there is not a Sector match,
the next encountered 1D field is read off the disk and
comparisons again made. If the ID field CRC is correct,
the data field is then located and will be either written
into, or read from depending upon the command. The
FDC179X must find an ID field with a Track number,
Sector number, side number, and CRC within four
revolutions of the disk; otherwise, the Record not found
status bit is set (Status bit 3) and the command is ter-
minated with an interrupt.

which determines if multiple records (sectors) are to be
read or written, depending upon the command. If m=0,
a single sector is read or written and an interrupt is
generated at the completion of the command. If m=1,
multiple records are read or written with the sector
register internally updated so that an address verification
can occur on the next record. The FDC179X will read
or write multiple records starting with the sector presently
in the sector register. The FDC179X will continue to read
or write multiple records and update the sector register
until the sector register exceeds the number of sectors
on the track or until the Force Interrupt command is
loaded into the Command Register, which terminates
the command and generates an interrupt.

If the Sector Register exceeds the number of sectors on
the track, the Record-Not-Found status bit will be set.

The Type |l commands also contain side select compare
flags. When C=0, no side comparison is made. When
C=1, the LSB of the side number is read off the ID
Field of the disk and compared with the contents of
the (S) flag. If the S flag compares with the side number
recorded in the ID field, the 179X continues with the ID
search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The FDC1795/7 READ SECTOR and WRITE SECTOR
commands include a ‘b’ flag. The b’ flag, in conjunction
with the sector length byte of the ID Field, allows different
byte lengths to be implemented in each sector. For IBM
compatability, the ‘b’ flag should be set to a one. The
‘s’ flag allows direct control over the SSO Line (Pin 25)
and is set or reset at the beginning of the command,
dependent upon the value of this flag.

active and HLT is sampled until true aftera 15 msecdelay. ct 791 i
If the E flag is 0, HLD is made active and HLT is sampled S Sector Length Table (1791/2/3/4 only)
with no delay until true. The ID field and Data Field ector Length _Number of Bytes
format are shown below. Fieid (hex) in Sector (decimal)
When an ID field is located on the disk, the FDC179X 80 128
compares the Track Number on the ID field with the 1 256
Track Register. If there is not a match, the next encountered 02 512
ID field is read and a comparison is again made. If there 03 1024
Field Format
GAP| ID TRACK SIDE SECTOR | SECTOR | CRC | CRC | GAP| DATA CRC|CRC
1] AM | NUMBER | NUMBER | NUMBER | LENGTH 1 2 il AM | DATA FIELD 1 2
ID FIELD DATA FIELD

In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing.




Read Sector

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field
is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, the data field is presented to the computer. The
Data Address Mark of the data field must be found within
30 bytes in single density and 43 bytes in double density
of the last ID field CRC byte; if not, the Record-Not-
Found status bit is set and the operation is terminated.

~When the first character or byte of the data field has

been shifted through the DSR, it is transferred tothe DR,

and DRQ is generated. When the next byte is accumu-
lated in the DSR, it is transferred to the DR and another
DRQ is generated. If the Computer has not read the
previous contents of the’'DR before a new character is
transferred that character is lost and the Lost Data
Status bit is set. This sequence continues until the com-
plete data field has been inputted to the computer. If
there is a CRC error at the end of the data field, the
CRC error status bit is set, and the command is termi-
nated (even if it is a multiple record command).

At the end of the Read operation, the type of Data

Address Mark encountered in the data field is recorded
in the Status Register (Bit 5) as shown below:

STATUS
BITS
1 Deleted Data Mark
0 Data Mark

Write Sector

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, correct side
number, and correct CRC, a DRQ is generated. The
FDC179X counts off 11 bytes in single density and 22
bytes in double density from the CRC field and the Write
Gate (WG) output is made active if the DRQ is serviced
(i.e., the DR has been loaded by the computer). If DRQ
has not been serviced, the command is terminated and

“the Lost Data status bit is set. If the DRQ has been ser-

viced, the WG is made active and six bytes of zeros in
single density and 12 bytes in double density are then
written on the disk. At this time the Data Address Mark
is then written on the disk as determined by the ao field
of the command as shown below:

ao Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FDC179X then writes the data field and generates
DRQ’s to the computer. If the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit is
set and a byte of zeros is written on the disk. The com-
mand is not terminated. After the last data byte has been
written on the disk, the two-byte CRC is computed
internally and written on the disk followed by one byte
of logic ones in FM or in MFM. The WG output is
then deactivated.

BIT
716[(5]|4]3(2]|1{0]| COMMAND
1{0{0m|F2[E[F,|0 | READ SECTOR
110|1|m|Fz|E|Fijac| WRITE SECTOR

DELAY (E)

DATA ADDRESS MARK (ag) __[(1J=Write hex FB (data) into Data Address Mark field
F, (1791/3) SIDE COMPARE FLAG (C)

F1 (1795/7) SIDE SELECT FLAG (S)

No delay between HLD activation and HLT Sampling
1=15 ms delay between HLD activating and HLT Sampling

F2 (1791/3) SIDE SELECT FLAG (S) —{‘1’

F2 (1795/7) SECTOR LENGTH FLAG (b)[?i

MULTIPLE SECTORS (m)

Figure 1. Type Il and lll Flag Summary

=Write hex F8 (deleted data) into Data AM field

0=Side number not tested
1=Side number tested

0==Update SSO to 0
1=Update SSO to 1

=Compare for side 0
=Compare for side 1

Sector Length Field
00 01 10 1
256 512 1024 128
128 256 512 1024

0=Read (or Write) Single Sectors
1=Read (or Write) Multiple Sectors
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Type Il Commands

There are three Type. Il Commands:

e READ ADDRESS—Read the next ID field (6 bytes)
into the FDC.

¢ READ TRACK— Read all bytes of the entire track,
inciuding gaps.

o WRITE TRACK—MWrite all bytes to the entire track,
including gaps.

Read Address ‘

Upon receipt of the Read Address command, the head is

loaded and the Busy Status Bit is set. The next en-

countered ID field is then read in from the disk, and the

six data bytes of the ID field are assembled and trans-

ferred to the DR, and a DRQ is generated for each byte.

The six bytes of the ID field are shown below:

TRACK SIDE SECTOR SECTOR | CRC| CRC|
ADDR NUMBER | ADDRESS | LENGTH 1 2
1 2 . 3 4 5 6

Although the CRC characters are transferred to the
computer, the F DC179X checks for validity and the CRC

error status bit is set if there is a CRC error. The Track
Address of the ID field is written into the sector register.
At the end of the operation an interrupt is generated and
the Busy Status is reset.

Read Track ‘

Upon receipt of the Read Track command, the head is
loaded and the Busy Status bit is set. Reading starts
with the leading edge of the first encountered index
pulse and continues until the next index pulse. As each
byte is assembled it is transferred to the Data Register
and the Data Request is generated for each byte. No
CRC checking is performed. Gaps are included in the
input data stream. The accumulation of bytes is synchro-
nized to each Address Mark encountered. Upon com-
-pletion of the command, the interrupt.is activated. RG
is not activated during the Read Track-Command. An
internal side compare is not performed during a
Read Track.

Write Track :
Upon receipt of the Write Track command, the head is
loaded and the Busy Status bit is set. Writing starts

with the leading edge of the first encountered index
pulse and continues until the next index pulse, at which

b INDEX AM
DR=F6 WRITE
3 TIMES MFM ONLY

I3
u | COMPLETE SECTOR
G,Qg 3| gar | cap c2 |rc | GA° D Gap | patA | Gap D GAP | DATA |GaP 'E’ﬁx
syne | 4 5 1 | FELDA 2 FED1 | 3 | FEwD2 | 2 | RELD2 A
r
INDEX DETECTED =

r
GAP |1 ID | TRACK SIDE SECTOR
3 | am | NumBER | NUMBER | NUMBER

SECTOR
LENGTH

cre | cre | aar DATA | DATA
] 2 2 | *| am | FiELD | CRC | ORC

OR= FE—I

TRACK NUMBERS: 00-4A

SINGLE SIDED: . NUMBER=00 -1
DOUBLE SIDED, SIDE 0=00
DOUBLE SIDED. SIDE 1=01

A\ \4

DR=FB

2 BYTE CRC
WRITTEN
DR=F7

-

2 BYTES CRC WRITTEN
DR=F7

*OR=F5 WRITE 3 TIMES MFM ONLY -

SECTOR NO. l i\gw‘secmz -1
TS r e | SECTOR LENGTH
01-0F | 256 512 el
0108 512 1024 =
02= 512
03= 1024

Figure 2. IBM Compatible Sector/Track Format
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time the interrupt is activated. The Data Request is
activated immediately upon receiving the command,
but writing will not start until after the first byte has been

loaded into the Data Register. If the DR has not been

loaded by the time the index pulse is encountered the
operation is terminated making the device Not Busy, the
Lost Data Status Bit is set, and the Interrupt is activated.
If a byte is not present in the DR when needed, a byte of
zeros is substituted. Address Marks and CRC characters
are written on the disk by detecting certain data byte
patterns in the outgoing data stream as shown in the
table-below. The- CRC-generatoris-i

data byte from F8 to FE is about to be transferred from
the DR to the DSR in FM or by receipt of F5 in MFM.

Disk formatting (initialization) is accomplished by the
Write Track command. Each byte for the entire track
must be provided for proper formatting. Th:s includes
gap as well as data bytes.

The sequence required to format a_dlskette begins with
positioning the Read/Write head at the desired track.
Once this has been done, it is necessary to perform a
Write Track command to store all the information on a
track. The Write Track command uses DRQ to request
each byte from the system MPU, starting with the byte at
the beginning of the physical Index Pulse and ending
with the last gap bytes at the end of the track. Figure 2
ilustrates the IBM standard for track formatting.

Normally, each data byte stored on the diskette must
‘be generated by the system MPU and passed into the
FDC Data Register. However, there are exceptions to
this rule. If a data byte of hex F5 through FE is entered
into the Data Register, then the FDC recognizes this as
an AM with missing clocks or CRC generation code.
Consequently, F5 through FE must not be used in gaps,
data fields, or ID fields, as this will disrupt normal opera-
tion of the FDC during formatting.

Type IV Commands

Force Interrupt is the only Type IV command. This
command’ permits the MPU to terminate (abort) any
command in progress. Figure 3 tabulates the Type v
command option bits.

The four bits, lo-l3, are used to select the condition of the
interrupt occurrence. Regardless of which bit is set, any
command currently being executed is immediately
terminated and the Busy status bit is cleared, indicating
“Not Busy" Then when the condmon is met INTRQ

If lo-15 are all “0”, no interrupt occurs, but any currently
executing command is immediately terminated. If more
than one condition is selected, then the interrupt occurs
when any of the conditions is met.

To clear the interrupt, it is necessary to read the Status

" Register or to write the Command Register. An exception,

however, is for I=1 (Immediate Interrupt). For this case,
the interrupt is cleared with another Force Interrupt
command with lo-Is all low.

Status Register .

The Status Register permits the MPU to monitor avariety
of conditions in the FDC. For each command, the
individual status bits have their own meaning. When a
command is initiated (except for the Force Interrupt
command), the Busy status bit is set and the others are
cleared or updated. If the Force Interrupt command is
entered when another command is in progress, the
Busy status bit is cleared, but the others remain
unaffected. However, if the Force Interrupt command
is initiated when there is not another command in pro-
gress, the other status bits are cleared or updated and

' represent the Type | Command status. Figure 4 illustrates

the meaning of the status bits for each command.

IMMEDIATE

BIT
7]6[5[4] 3] 2] 1] 0| COMMAND
1{1]0[1] ta] 2] 1| to| FORCE INTERRUPT
" 0=No effect
READY TRANSITION—| {1~ "INTRQ when READY input goes low-to-high
0=No effect '

NOT-READY TRANSITION— 1_ £/ cos INTRQ when READY input goes high-to-low
INDEX PULSE—| 0= No Effect

1=Forces INTRQ on next INDEX pulse input

0=No effect
1=Forces INTRQ immeédiately

Figure 3. Force Interrupt Command Flags
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Figure 4A. Status Register Summary

COMMAND STATUS BIT

7 6 5 4 3 2 1 0
ALL TYPEI Not Ready Write Protect Head Loaded Seek Error CRC Error Track 0 Index Busy
READ SECTOR Not Ready 0 Record Type | Rec not Found | CRC Error Lost Data DRQ Busy
WRITE SECTOR Not Ready | Write Protect Write Fault Rec not Found [ CRC Error Lost Data DRQ Busy
READ ADDRESS Not Ready 0 0 Rec not Found | CRC Error Lost Data DRQ Busy
READ TRACK Not Ready 0 0 0 0 Lost Data DRQ Busy
WRITE TRACK Not Ready Write Protect Write Fault 0 0 Lost Data DRQ Busy

Figure 4B. Status Description for Type | Commands
BIT | NAME MEANING ‘
S7 | NOT READY ‘This bit when set indicates the drive is not ready. When reset it indicates that the drive is
ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR.

S6 | PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input.
S5 | HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD

and HLT signals.

S4 | SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated.

S3 | CRC ERROR CRC encountered in (D fieid.

S2 | TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy
of the TROO input.

S1 | INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
1P input.

S0 | BUSY When set command is in progress. When reset no command is in progress.

Figure 4C. Status Description for Type Il and il Commands

BIT | NAME MEANING

§7 | NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type |l
and Il Commands will not execute unless the drive is ready.

S6 | WRITE PROTECT| On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write
Protect. This bit is reset when updated.

S5 | RECORD TYPE/ | On Read Record: It indicates the record-type code from data fieid address mark.

WRITE FAULT 1=Deleted Data Mark. 0=Data Mark. On any Write: It indicates a Write Fauit. This bit is

reset when updated.

S4 | RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bitis reset

FOUND (RNF) when updated.

S3 | CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data
field. This bit is reset when updated.

S2 | LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

S1 | DATA REQUEST | This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation
or the DR is empty on a Write operation. This bit is reset to zero when updated.

SO | BUSY When set, command is under execution. When reset, no command is under execution.
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Write Data Timing:

Ty b ] Tyl T e
1L
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el |
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WRITE DATA

CLK

(IMHZ) —l

N 77/7;
—

—

——m——t—.—m——'
L

)
et

CLK
(2MHZ) j

w v 1

WRITE DATA/CLOCK RELATIONSHIP
{DDEN=0)

PARAMETER SYMBOL MIN. TYP. MAX. | UNITS CONDITIONS |
Write Data Puise Width Twp 450 500 550 nsec FM
150 200 250 nsec MFM
Write Gate to Write Data Twg 2 psec FM
1 HsSec MFM
Write data cyle Time The 2,3, 0r4 psec +CLK Error
Early (Late)to Write Data | Ts. | 126 L. d—  ——f—ns€C— T "MFM T
"I Early (Late) From Th 125 nsec MFM
Write Data ‘
Write Gate off from WD Twf 2 usec F™M
1 usec MFM
WD Valid to Clk Twal 100 nsec CLK=1 MHZ
50 nsec CLK=2 MHZ
WD Valid after Clk Twd2 100 nsec CLK=1 MHZ
30 nsec CLK=2 MHZ
These values are doubled when CLK=1 MHz.
Write Data Timing
write GaTe _[ |
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNGe ........cciiiiiiiiiiii ittt iientnerateneananenneanss 0°C to +70°C
Storage Temperature Range ....................... et it —55°C to +150°C
Lead Temperature (soldering, 10 S8C.) . ....viuttiitiii it iii it et e eineeaneanneananan +325°C
Positive Voltage on any Pin, with respecttoground ...........coiiiiiiiiii ittt iinnnienienennns +15V
Negative Voitage on any Pin with respecttoground ............ ittt e ti ettt —-0.3V

*Stresses above those listed may cause permanent damage to the devnce This is a stress rating only and
functional operation ot the device at these I at any Giier conaition asove those indicated in the aneratinnal
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V £5%, Vop=+12V £5% unless otherwise noted)

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS
DC CHARACTERISTICS
Input Voltage Levels
Low Level, Vi 0.8 \
High Level, Vin 2.6 \
Output Voltage Levels
Low Level Voo 0.45 \' lo.=1.6 mA
High Level Vou 28 v lon=100 A
Output Leakage, lo 10 HA Vour=Voo
Input Leakage, I 10 uA Vin=Vop
Output Capacitance 5 pf
Input Capacitance 10 pf
Power Dissipation 500 mw

AC CHARACTERISTICS
Processor Read Timing

Address Setup Time tsetm 50 ns Figure 5
Address Hold Time thior 10 ns Figure 5
RE Pulse Width (C.=50pF) tre 400 ns Figure 5
DRQ Reset Time tore 500 ns Figure 5
INTRQ Reset Time tinn 500" 3000" ns Figure 5
Data Delay Time (C.=50pF) toacc 350 ns Figure 5
Data Hold Time (C.=50pF) toon 50 150 ns Figure 5
Microprocessor Write Timing
Address Setup Time tsetw 50 ns Figure 6
Address Hold Time thow 10 ns Figure 6
WE Pulse Width twe 350 ns Figure 6
DRQ Reset Time torr 500 ns Figure 6
INTRQ Reset Time tirr 500" | 3000" ns Figure 6
Data Setup Time tos 250 ns Figure 6
Data Hold Time ton 70 ns Figure 6
Disk Input Data Timing
RAWREAD Pulse Width tow 100* 200 ns Figure 7, See Note
Clock Setup Time ta 40 ns Figure 7 See Note
Clock Hold Time for MFM tea 40 . ns Figure 7
Clock Hold Time for FM tes 40 ns Figure 7
RAWREAD Cycle Time MEM toc 1 3%0 ; ns 1800 atF70° C, I;igure 7
. * S igure
RCLK High Pulse Width ta 08 2: Zs Figure 7
RCLK Low Pulse width ~ MEM | 4, % X e Faue?
RCLK Cycle Time M\';M te i* zss E:gﬁ:: ;
Miscellaneous Timing
CLK Low Pulse Width tcor 230 250 20000 ns Figure 8
CLK High Pulse Width MEM teoz 2290 250 20000 ns Figure 8
: * us Figure 8
DIRC Setup Time tor 12 us Figure 8
MR Pulse Width tma 50* us Figure 8
IP Pulse Width tie 10* us Figure 8
WF Pulse Width twe 10* us Figure 8
CLK Cycle Time teve 0.5* us _Figure 8

*: These Values are doubled when CLK=1 MHz.




Figure 5.
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Note: Pulse width on RAW READ (Pin 27) is normally 10-300 ns. However, pulse may be any width if pulse is entirely
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DISK FORMATS

Disks may be formatted in IBM 3740 or System 34 DATA | vo oF
formats with sector lengths of 128, 256, 512, or BYTE ; COMMENTS
1024 b trey | BYTES
es. ksl
yt 4E 80] | Gaps
1BM 3740 Format (Post Index)
This single-density (FM) format utilizes 128 bytes/ oo 12 v
sector. The bytes to be generated by the system F6 3 | Writes C2
MPU for use in the execution of the Write Track Z‘E’ 5;_] Index AM
command are shown in Figure 0. —! o0 12 H-Gap 1
IBM System 34 Format
This double-density (MFM) format utilizes 256 Fs 3 | Writes A1
bytes/sector. The bytes to be generated by the
system MPU for use in the execution of the Write FE 1 | pam
Track command are shown in Figure 10. XX 1| Track Number
Non-IBM Formats ONE (00-4C)
. L. . SECTOR —{ 0X 1 Side Number
Unique (non-IBM) formats are permissible provid- o (00 or 01)
ing the following restrictions are understood. XX 1 Sector Number
(01-1A)
® Sector length may only be 128, 256, 512, or o1 1| Sector Length
1024 bytes. (256 Bytes)
. N F7 1 Causes 2-Byte
® Gap sizes must conform to Figure 11. CRO to be
. Written
4E 22]——Gap 2 (ID Gap)
00 12
DATA .
BYTE | 5O-OF | commenTs Fs 3 | writes A1
{hex)
FF 407] | Gap 5 FB 1 Data AM
(Post Index) 40 256 | Data Field
00 6 F7 1 Causes 2-Byte
FC 1 Index AM CRC to be
FF 26 Written
~Gap 1 4E 54 Part of Gap 3
_ 00 6 - ® (Data Gap)
FE 1 D AM 4E 598 Gap 4
XX 1 Track Number Figure 10. (Pre Index)
(00-4C) Byte Sequence NOTES: 1. THIS PATTERN MUST BE
ox 1 Side Number for IBM Sysmem-34 WRITTEN 26 TIMES PER
(00 or 01) Formatting JRACK
2. CONTINUE WRITING HEX
XX 1 Sector Number ;Eg NTIL FDC COMPLETES
R UENCE AND GENERATES
00 1 (Sot:c:t:')!_ength INTRQ INTERRUPT.
(128 bytes)
ONE
| 7 1 Causes 2-Byte
SECTOR CRC to be SINGLE DOUBLE )
® Written GAP DENSITY DENSITY NOTE
FF 117} Gap 2 (ID Gap) (FM) (MFM)
00’ 6 Gap 1 16 bytes FF 16 bytes 4E 2
FB 1 Data AM Gap 2 11 bytes FF 22 bytes 4F
ES 128 | Data Field 6 bytes 00 12 bytes 00 !
F7 1 Causes 2-Byte 3 bytes A1
CRC io be Gap 3 10 bytes FF 16 bytes 4E
Written 4 bytes 00 8 bytes 00 2
FF 27 | Partof Gap 3 3 bytes At
— Data Ga Gap 4 16 bytes FF 16 bytes 4E 2
® ( p)
FF 247 Gap 4 NOTES: 1. THESE BYTES COUNTS ARE EXACT.
Figure 9. (Pre index) 2. THESE BYTES COUNTS ARE MINIMUM
EXCEPT FOR 3 BYTES A1, WHICH IS EXACT.
By‘e sequence NOTES: 1. THIS PATTERN MUST BE
for IBM 3740 WRITTEN 26 TIMES PER TRACK. Figure 11. Gap Size Limitations
Formatting 2. CONTINUE WRITING HEX FF
UNTIL FDC COMPLETES
SEQUENCE AND GENERATES
INTRQ INTERRUPT
ANMRD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
A ATDN T information has been carefully checked and is believed to be entirely reliable. However, no responsibility is

 Haugpage NY 1788
(SK273-300 TWY-50.227.8098

We keep ahead Of UF COMPECIoN 50 you can keep ahead Of YOurs.

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS ‘ FDC 9216

UPC FAMILY

Floppy Disk Data Separator

FEATURES , PIN CONFIGURATION
O PERFORMS COMPLETE DATA SEPARATION

FUNCTION FOR FLOPPY DISK DRIVES
[JSEPARATES FM OR MFM ENCODED DATA

FROM ANY MAGNETIC MEDIA . . \J
[J ELIMINATES SEVERAL SSt AND DSKD |: 1 8 :I Voo

MSI DEVICES NORMALLY USED FOR .

DATA SEPARATION SEPCLK []2 7 [ SEPD
[ONO CRITICAL ADJUSTMENTS REQUIRED

REFCLK CD1

[0 COMPATIBLE WITH STANDARD I: 3 6 ]

MICROSYSTEMS' FDC 1791, FDC 1793 AND GND [ 4 5[] coo

OTHER FLOPPY DISK CONTROLLERS ' -
[JSMALL 8-PIN DUAL-IN-LINE PACKAGE 3
[J+5 VOLT ONLY POWER SUPPLY ; 5
CITTL COMPATIBLE INPUTS AND OUTPUTS “

GENERAL DESCRIPTION

The Floppy Disk Data Separator provides a low cost package to save board real estate, the FDDS operates
solution to the problem of converting a single stream of “.on +5 volts only and is TTL compatible on all inputs
pulseg from a floppy disk d_rive into separate Clock and and outputs.
Data inputs for a Floppy Disk Controller. The FDC 9216 is available in two versions; the FDC 9216,
The FDDS consists primarily of a clock divider, a long- which is intended for 5%" disks and the FDC 9216B for
term timing corrector, a short-term timing corrector, and 5%" and 8" disks.

reclocking circuitry. Supplied in an 8-pin Dual-In-Line

—45V
REFCLK —— ]| —GND
cLOCK
Do DIVIDER
CD1——]
" | paracLock - PULSE [~ SEPCLK
SEPARATION REGENERATION
- LOGIC LOGIC | —m SEPD
’ L
EDGE

DSKD~———m»| DETECTION
LOGIC

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. | NAME SYMBOL FUNCTION
"1 | DiskData DSKD Data input signal direct from disk drive. Contains combined
) clock and data waveform.
Separated Clock SEPCLK Clock signal output from the FDDS derived from floppy
disk drive serial bit stream.
Reference Clock REFCLK Reference clock input
Ground GND Ground - - .
Clock Divisor CDoO, CDO0 and CD1 control the internal clock divider circuit. The
CDi internai clock is a submuitipie of the REFCLK according to
the following table:
CD1 CD0 Divisor
0 0 1
0 1 2
1 0 4
1 1 8
Separated Data SEPD SEPD is the data output of the FDDS
Power Supply Voo +5 volt power supply
FIGURE1
TYPICAL SYSTEM CONFIGURATION
(5%4" Drive, Double Density)
4 MHz CRYSTAL
OSCILLATOR
- 4 1MHz
) |
REFCLK sep5 | FEGENERATED DATA | marremn
FLOPPY DISKDATA | seos FDC 1791 or Equiv.
DISK B DSKD  FDC 9216 FLOPPY DISK CONTROLLER
DRIVE SEPCLK [_DERIVED GLOCK ___f o
CDO0 CD1
GND GND
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OPERATION

A reference clock (REFCLK) of between 2 and 8 MHz
is divided by the FDDS to provide an internal clock.
The division ratio is selected by inputs CD0 and CD1.
The reference clock and division ratio should be
chosen per table 1.

The FDDS detects the leading edges of thedisk data
pulses and adjusts the phase of the internal clock
to provnde the SEPARATED CLOCK output

Separate short and lorig term timing correctors
assure accurate clock separation.

The:internal clock frequency is nomlnally 16 times
the SEPCLK frequency. Depending on the internal
tlmmg correction, the internal clock may be a
minimum of 12 times to a maximum of 22 times the
SEPCLK frequency.

The reference clock (REFCLK) is divided to provide
~the internal ciock according to pins CDO and CD1.

_

TABLE 1:
CLOCK DIVIDER SELECTION TABLE
DRIVE DENSITY REFCLK
(8" or 5Y") (DD or SD) MHz CD1 CDO0 REMARKS

8 DD 8 0 0 _
8 SD 8 0 1 }.Select either one
8 SD 4 0 0
5Y% DD 8 0 1 . .
5%, DD 4 0 0 }Select eitherone
5Y, SD 8 1 0
5% SD 4 0 1 Selectany one
5% SD 2 0 0

FIGURE 2

INTCLK STy uuyagnnrnnnnrruuiguar

SEPCLK ___I 1
|

SEPD

always two internal clock cycles
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ...........oiiuiiiiniiiiiiinienen e ananraeaneanennens 0°C to +70°C
Storage Temperature Range .............cooiiniiiiiiiiieiiiiiiiiiiii s —55°C to +150°C
Lead Temperature (soldering, 10 SEC.) ........ouiiuiiriiiiiiii i iitiiiei it eneaeaneannannn +325°C
Positive Voltage on any Pin, with respectto ground ........ ...l it +8.0V
Negative Voltage on.any Pin, with respecttoground ........... ittt —03V

“Siresses apove inuse Tisied mmay Cause peimainént dainage o the device. This is a 3iiess rating only
and functional operation of the device at these or at any other condition above those indicated in the
operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off.

in addition, voltage transients on the AC power line may appear on the DC output. If this possibility
exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vop=-+5V £5%, unless otherwise noted)

Parameter Min. Typ. Max. | Units Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level Vi, 08 Vv
High Level Vix 20 Vv
OUTPUT VOLTAGE LEVELS-
Low Level Vo_ 04 Vv loe=16mA
High Level Von 24 \ lon=—100 pA
INPUT CURRENT
Leakage 1 10 HA OSVWSVDD
INPUT CAPACITANCE
All Inputs 10 pF
POWER SUPPLY CURRENT
lop 60 mA
A.C. CHARACTERISTICS
Symbol
fey REFCLK Frequency 0.2 43 MHz FDC 9216
fey REFCLK Frequency 0.2 8.3 MHz FDC 9216B
tekw REFCLK High Time 50 2500 ns
tox REFCLK Low Time 50 2500 ns
tsoon REFCLK to SEPD “"ON" Delay 100 ns
tsporr REFCLK to SEPD “OFF” Delay 100 ns
tseck REFCLK to SEPCLK Delay 100 ns
toLL DSKD Active Low Time 0.1 100 us
towH DSKD Active High Time 0.2 100 us

FIGURE 3:' AC CHARACTERISTICS

:ﬁ:[\["“"
REFCLK —7 T m

retspck!

SEPCLK

g
Ty

378




STANDARD MICROSYSTEMS
CORPORATION A
_——

FDC 9229
FDC 9229B
FDC 9229T
FDC 9229BT

FLOPPY DISK INTERFACE CIRCUIT

FEATURES .

[ Digital Data Separator

Performs complete data separation function for floppy disk drives

Separates FM and MFM encoded data
No critical adjustments necessary
5%4" and 8" compatible

(1 Variable Write Precompensation
[ Internal Crystal Oscillator Circuit
[ Track-Selectable Write Precompensation
{J Retriggerable Head-Load Timer

O Compatible with the FDC 179X, 765, and other standard
Floppy Disk Controllers

[J COPLAMOS® n-channel MOS Technology
[ Single + 5 Volt Supply
[J TTL Compatible

B PIN CONFIGURATION
DSKD 1[0 <_J P20 Ve
FDCSEL 2 19 P2
MINI 3 18 P1
DENS 4 17 PO
SEPCLK 5 16 TEST
SEPD 6 15 HLD
WDOUT 7 14 LATE
HLT/CLK 8 13 EARLY
CLKOUT 9 12 WDIN
GND 10 ] 11 XTAL/CLKIN

FUNCTIONAL DESCRIPTION

The FDC 9229/B is an MOS integrated circuit designed to
complement either the 179X or 765 (8272) type of floppy
disk controller chip. It incorporates a digital data separator,
write precompensation logic, and a head-load timer in one
0.3-inch wide 20-pin package. A single pin will configure
the chip to work with either the 179X or 765 type of control-
ler. The FDC 9229/B provides a number of different dynam-
ically selected precompensation values so that different
values may be used when writing to the inner and outer tracks

of the floppy disk drive. The FDC 9229/B operates from a
+ 5V supply and simply requires that a 16 or 8 MHz crystal
or TTL-level clock be connected to the XTAL/CLKIN pin. All
inputs and outputs are TTL compatible.

The FDC 9229 is available in four versions: The FDC
9229/T are intended for 5Y4” disks and the FDC 9229B/T
for 5%4" and 8" disks. The FDC 9229/B have an internal
crystal oscillator circuit; the FDC 9229T/BT require an

WDIN
/\

16 Mz aMHz
XTAL ] {OSCILLATOR| K
CLKiN GENER. | 16.8MHz
BUFFERS SENEF

external clock.
7

o Q= TAP
_— SELECT
ROM

o a
CLKOUT LATCH
™ DIVIDER = CLK
" DELAYED WRITE
LOGIC
|L; ACTIVE EDGE e | LaTcHED WRITE DATA
i PRECOMPENSATION o
X SINGLE DENSITY a il
LATCH 168MHz | swiFT REGISTER
[F]-Lee
84 MHz
- 125 [ DATA SEPARATOR
INTOLK GENERATOR DISK DATA Lo—> W
DETECT sl
8472 MHz e R A{ >—-
Ty HEAD-LOAD HLT e
TIMER
END-
OF-SLOT
PHASE T smienc [CENTFREG. | rrtumn
FREQUENCY
MEMORY ﬁ._ OSCILLATOR upoN | EREOUENEY
PHASE-LOCKED
 — PHASE S LooP ADJUST NEXT SLOT
FDC 9229 o 3 28
: MEMORY .
dares oA
BLOCK DIAGRAM — ] iy
MEMORY
DIFFERENTIATOR
35KD [L SYNCHRONIZER |'_
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

/0

DESCRIPTION

DSKD

FDCSEL

This input is the raw read data received from the drive. (This input is
active low.)

This input signal, when low, programs the FDC 9229/B for a 179Xt_ype of
LSt controlier. When FDCSEL is high, the FDC 9229/B is programmed
for a 765 (8272) type of controller. (See fig. 4.)

MINI

The state of this input determines whether the FDC 9229/B is configured
to support 8" or 54" floppy disk drive interfaces. It is used in conjunction
with the DENS input to prescaie the clock for the data separator. The
state of this input aiso alters the CLKOUT frequency, the
precompensation value, the head load delay time (when in 179X mode)
and the HLT/CLK frequency (when in 765 mode). (See figs. 2, 3, and 4.)

DENS

The state of this input determines whether the FDC 9229/B is configured
to support single density (FM) or double density (MFM) floppy disk drive
interfaces. It is used in conjunction with the MINI input to prescale the
clock for the data separator. The state of this input also alters the
CLKOUT frequency when in the 765 mode. (See figs. 2, 3, and 4.)

SEPCLK

A square-wave window clock signal output derived from the DSKD input.

SEPD

This output is the regenerated data pulse derived from the raw data input
(DSKD). This signal may be either active low or active high as
determined by FDCSEL (pin 2).

WDOUT

The precompensated WRITE DATA stream to the drive.

HLT/CLK

When in the 765 mode (FDCSEL high), this output is the master clock to
the floppy disk controller. When in the 179X mode, this signal goes high
after the head load delay has occured following the HLD input going
high. This output is retriggerable. (See fig. 3.)

CLKOUT

This signal is the write clock to the floppy disk controller. lts frequency is
determined by the state of the MINI, DENS, and FDCSEL input pins.
(Seefig. 3.)

10

GND

Ground

11

XTAL/CLKIN

This input is for direct connection to a 16 MHz or 8 MHz crystal (FDC
9229/B only). The other pin of the crystal is grounded. XTAL/CLKIN
may alternatively be connected to a single-phase T TL-level clock. The
FDC 9229T and BT require an external TTL-level clock.

12

WDIN

The write data stream from the floppy disk controller.

13

EARLY

When this input is high, the current WRITE DATA pulse will be written
early to the disk.

14

LATE

When this input is high, the current WRITE DATA pulse will be written late
to the disk.

When both EARLY and LATE are low, the current WRITE DATA pulse will
be written at the nominal position.

15

HLD

This input is only used in 179X mode. A high level at this input causes a
high level on the HLT/CLK output after the specified head-load time
delay has elapsed. The delay is selected by the state of the MINI output.
(See fig. 3.)

16

TEST

This input (when low) decreases the head-load time delay and initializes
the data separator. This pin is for test purposes only. This input has an
internal pull-up resistor and should be tied high or disconnected for
normal operation.

17

PO

18

P1

19

P2

P2-P0 select the amount of precompensation applied to the write data.
(See fig. 2.)

20

Vee

+5 VOLT SUPPLY
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OPERATION

Data Separator

The XTAL/CLKIN input clock is internally divided by the FDC

9229/B to provide an internal clock. The division ratio is INPUTS DIVISOR
selected by the FDCSEL, MINI and DENS inputs depend- ~ _FDCSEL_DENS  MINI__ f(XTAL/CLKIN)/A(INTCLK)

ing on the type of drive used. (See fig. 1.) 0 0 0 2
The FDC 9229/B detects the leading (negative) edges of 0 (1’ 1 4
the disk data pulses and adjusts the phase of the internal g S 2 N f ~
clockto provide the SEPCLK output.™ o 1 0 0 2
Separate short- and long-term timing correctors assure 1 0 1 8
accurate clock separation. 1 1 0 2
The SEPCLK frequency is nominally e the internal clock 1 1 1 4
frequency. Depending on the internal timing correction, the
duration of any SEPCLK half-cycle may vary from a nomi-
nal of 8 to a minimum of 6 and a maximum of 11 internal FIG. 1
clock cycles.
INTCLK
SEPCLK ___J L I -
|
SEPD* ﬁ__i 0 L U =
| =
l I *polarity of SEPD shown for FDCSEL = low. @
always two internal clock cycles
Precompensation
The desired precompensation delay is determined by the
state of the PO, P1and P2 inputs of the FDC 9220/Basper  —MINI_ P2 P1 PO PRECOMP VALUE
fig. 2. Logic levels present on these pins may be changed 1 0 0 0 0 ns
dynamically as long as the inputs are stable during the time 1 0 0 1 125 ns
the floppy disk controller is writing to the drive and the inputs 1 0 1 0 250 ns
meet the minimum setup time with respect to the write data 1 0 1 1 375 ns
from the floppy disk controller. 1 1 0 0 500 ns
1 1 0 1 500 ns
1 1 1 0 625 ns
MINL P2 P1_ PO PRECOMP VALUE 1 1 1 1 625 ns
0 0 0 0 Ons
S 625 ne NOTE: Al values shown are obtained with a 16 MHz ref-
0 0 1 1 187.5 ns erence clock. Multiply pre-comp values by two for
0 1 0 0 25'0 ns 8 MHz operation.
0 1 0 1 250 ns
0 1 1 0 312.5ns FIG. 2 WRITE PRECOMPENSATION
0 1 1 1 3125ns VALUE SELECTION
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OPERATION (CONT’D)

Head Load Timer

1he nead loaa ume geiay IS eltner 4u mMms or su ms, aepena-
ing on the state of MINI. (See fig. 3.) The purpose of this
delay is to ensure that the head has enough time to engage
properly. The head load timer is only used in the 179X mode;

Tne FOGC 79X initiates the ioading oi the fioppy disk drive
head by setting HLD high. The controlier then waits the pro-
grammed amount of time until the HLT signal from the FDC
9229/B goes high before starting a read or write operation.

it is non-functional in the 765 mode.

INPUTS QUTPUTS
FDCSEL DENS MINI CLKOUT HLT/CLK
0 0 0 2 MHz 40 ms*
0 0 1 1 MHz 80 ms*
0 1 0 2 MHz 40 ms*
0 1 1 1 MHz 80 ms*
1 0 0 500 KHz 8 MHz
1 0 1 250 KHz 4 MHz
1 1 0 1 MHz 8 MHz
1 1 1 500 KHz 4 MHz

NOTE: All values shown are obtained with a 16 MHz ref-
erence clock. Divide all frequencies and multiply all
periods by two for 8 MHz operation.

*May be mask programmed at factory to any value from 1
to 512msin 15.625 ps increments (MINI low) or 1 to 1024
msin 31.25 ps increments (MINI high).

FIG. 3 CLOCK AND HEAD LOAD

TIME DELAY SELECTION
INPUTS FLOPPY DISK FLOPPY DISK FLOPPY DISK
FDCSEL DENS  MiNI DRIVE TYPE DRIVE DENSITY CONTROLLER TYPE
0 0 0 8" DRIVE DOUBLE 179X
0 0 1 54" DRIVE DOUBLE 179X
0 1 0 8" DRIVE SINGLE 179X
0 1 1 54" DRIVE SINGLE 179X
1 0 0 8" DRIVE SINGLE 765 (8272)
1 0 1 514" DRIVE SINGLE 765 (8272)
1 1 0 8" DRIVE DOUBLE 765 (8272)
i 1 1 514" DRIVE DOUBLE 765 (8272)

FIG.4 FLOPPY DISK DRIVE AND CONTROLLER SELECTION
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ...........iuiiiiiiii i et a e et ettt aeaanns 0°Cto +70°C
Storage Temperature Range ... ... ... oot e —55°to +150°C
Lead Temperature (SOIAeriNg, 10 SEC.) . .. ...ttt it ettt et et ittt e et i ees +300°C
Positive Voltage on any I/O Pin, withrespecttoground .......... ... ottt i +8.0v
Negative Voltage on any 170 Pin, withrespecttoground . ........ ... i e et iee e -0.3v
PowerDisSIPation . .. ... .o e e e e 0.75W

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or at any other condition above those indicated in the operational sections of this specification is not implied.
"NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output.

ELECTRICAL CHARACTERISTICS (T, = 0°Cto 70°C, V¢ = 5V +=5%)

PARAMETER MIN TYP MAX UNIT CONDITIONS
DC CHARACTERISTICS
INPUT VOLTAGE
Low Level V. -0.3 0.8 \' Except XTAL/CLKIN
High Level V.., 2.0 (Veo) v
XTAL/CLKIN INPUT VOLTAGE
AC Amplitude 1.0 Vep XTAL/CLKIN  only; input is
Instantaneous voltage -0.3 (Vee) ) AC-coupled. >
OUTPUT VOLTAGE 3
Low Level V,, 0.4 \ oo = 1.6 mA except HLT/CLK 5
lo. = 0.4 mA, HLT/CLK only *
High Level Vo, 24 Vv low = — 100 pA except HLT/CLK
low = —400 pA, HLT/CLK only
POWER SUPPLY CURRENT
lec 100 mA
INPUT LEAKAGE CURRENT
I . 10 pA Vi = 0to Ve
INPUT CAPACITANCE 10 pF Except CLKIN
Cwn 25 pF CLKIN only

ELECTRICAL CHARACTERISTICS (T, = 0°C1070°C, Vi = 5V +5%

PARAMETER MIN | TYP | mMAX [ UNIT | CONDITIONS

AT (All imes assume XTAL/CLKIN = 16 MHz unless otherwise specified)

XTAL/CLKIN frequency 3.95 16 16.2 MHz FDC 9229B
3.95 8 8.1 MHz FDC 9229

XTAL/CLKIN DUTY CYCLE 25 75 %

et 465 500 515 ns FDCSEL = low; MINI = high.
215 250 265 ns FDCSEL = low; MINI = fow.

90 125 140 ns FDCSEL = high.

o 280 3125 350 ns

t 50 400 ns

thEC ' 0 400 ns

tuce 562.5 ns .

tuen precomp value See fig. 2.

| 2 x precomp value Seefig. 2.

t 1.0 | | ws

CRYSTAL SPECIFICATIONS

Frequency (8" Disk Drive) 16 MHz, at Cut
(5v4" Disk Drive) 8 MHz, at Cut
Holder Preferred HC —18/V
Frequency and stability tolerance +.05% from 0°C to 70°C
Series Resistance 50 ohm max

383



AC TIMING CHARACTERISTICS

HLT/CLK (765 MODE) WDOUT PULSE WIDTH
I E + j
|<—-—-—-—4or8MHz—->| l* T - I

CLKOUT VS. WDIN TIMING
179X MODE '
CLKOUT

o T —\

765 (8272) MODE

| 1,2, or4 psec.

CLKOUT

WDIN
SET-UP TIME PO, P1 AND P2 TO WDIN
CLKOUT
PO, P1, P2 )(
CLKOUT
WDIN Loion
-— ¢,
CLKOUT
{179X)
w7\ VAl
WO [///[ /] L
Yuce
WDOUT (EARLY) ;r \
et {0
PRECOMPENSATION WDOUT (NOMINALY ————'>l | N
Yoo
WDOQUT (LATE) I \_

Ref. to Fig. 2 for
1, (precompensation)
vaiue
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TYPICAL SYSTEM IMPLEMENTATION—765 (8272) FDC

Dc DRIVE

765 (8272) gl
e Gl G2 | o 2 SIDED
WP/TS |- L g WPRT
— - TRK 00
B e —— = a3 ——l— - *ﬁi—i‘ - kFiAULT
RW/SEEK
FAULT
[ ™1 'RsT
D7 by PRSP &= —=] STEP
. — =1 L.OW CUR
LCTDIR — el
D
E |——|DRSEL4
INT —— INT Ust - 8 | DRSEL3
cs —m={ CsS Uso ! D | DRSEL2
RD —= RD S — ! DRSEL1
WR —a={ WR HDL
RDY 2
AQ ——mm] AD | e—— RDY FDC9229 Mo i
DRQ ~=—| DRQ IDX |t IDX —> =
— (]
DACK —ammi DACK WE |t WE =
—] HD |——m SIDE SEL TEST 2
T | 7C 75y <-E FDCSEL B
RESET —#m RST : WDOUT Jl SO—p{ WDATA
WDA 2| WDIN
PS0 | EARLY
PS1 —{ | ATE «
ey A*_| raw
RDW |et— SEPCLK DSKD | Q—— RAW
RDD |t~ SEPD
MFM [:g C‘L
WCK |t — | MINI P2 co—'
CLK |- - DENS | g
cikout P! co""
HLT/CLK L—_g
o
XTAL/CLKIN iR
== 16 MHz
T XA
LATCH = RDY ~a—— RDY

IDY «eg— IDX

_r\ WE ———d WE
De-D7 y | sibe

SIDESEL g

= MOTOR
ON

2\

—1

“The FDC9229/B, as all other NMOS integrated circuits, presents a high
impedance on al! inputs. .

To avoid soft errors caused by transmission line effects and noise where
there is long cabling between the floppy disk drive and the controller board, the
use of a (non-inverting) TTL schmidt-trigger input gate or bus transceiver is
recommended at the DSKD input to the FDC9229/B.
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TYPICAL SYSTEM IMPLEMENTATION—179X FDC
DRIVE
179X
TROO j=ett— TRK0O
WPRT |t WPRT
P ja INDEX
READY }e— READY
DIR — DIR
STEP = —p! STEP
WRITE
WG GATE
HLD =1 HLD
" DALO- )
Do-b7 DAL7 FDC-9229
| HLD
RAWRD |- SEPD x
NTRG N HLT/CLK ~ DSKD 4——@—‘ RAW READ
RCLK |wut— SEPCLK FDCSEL
DRQ ~—— DRQ S
RE ——» RE DDEN |- - DENS WDOUT WOATA
WE «w——p WE —- MINI TEST"| D+ 5V
CS —={CS WD —p-{ WDIN
Al ] At EARLY ~g-{ EARLY P2 ] I
AD ——m=i AO LATE -1 LATE g'\
— 4
RESET MR TG43 b1 _Cg o
[0 o
CLK jtg- CLKOUT PO | o9
XTAL/CLKIN L
c— 16MHz
I XTAL
LATCH =
»{ LCUR
—~MOTOR ON
| SIDE
Do-D7 ] SEL3
-t SEL2
i SEL1
—T
“The FDC9229/B, as all other NMOS integrated circuits, presents a high
impedance on all inputs.
To avoid soft errors caused by transmission line effects and noise where
there is long cabling between the fioppy disk drive and the controller board, the
use of a (non-inverting) TTL schmidt-trigger input gate or bus transceiver is
recommended at the DSKD input to the FDC9229/B.

STANDARD M‘CROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-

A N tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor

devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
35 Marcus Bivd. Hauppauge, NY 11788 (516) 273-3100  at any time in order to improve design and supply the best product possible. 9
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STANDARD MICROSYSTEMS HDC 7261D
_—

Hard Disk Controller

FEATURES PIN CONFIGURATION

[ Flexible interface to various types of Hard Disk Drives

[J Programmable Track Format

[ Controls up to 8 Drives

[ Parallel Seek Operation Capability owe 1d 40 Voo (RGATE)

[J Multi-sector and Multi-track Transfer Capability RWDATA 2 N 39 BT! (WGATE)

[J Data Scan and Data Verify Capability Rwclk 30 0 38 BTO

[ High Level Commands, Including: RESET 4 E g SN
READ DATA  SEEK (Normal or Buffered) DREQ 6 (] 35 SCT (PCL)
READ ID RECALIBRATE (Normal or Buffered) g 75 g 34 Uﬂss% §E§§§

8
WRITE DATA READ '[:JIAGNOSTIC (SMD Only) = o 2 et (sKO) i
WRITE ID SPECIFY #R 100 R a1 Ta3  (TRKO) >
SCAN DATA  SENSE INTERRUPT STATUS A0 110 N 30 TG2  (READY) S
VERIFY DATA SENSE DRIVE STATUS go :; E :3] s: ;<T3; :\SI;)L)T) S
1 1723

VERIFYID  DETECT ERROR o 1 g 0 B e
CHECK D3 15 [ ] 26 BT4 (HS0)

[JNRZ, FM, or MFM Data Format D4 16 0 25 BT5 (HSY)

[J Maximum Data Transfer Rate: 12MHz [D,z :; E 8| i; 213 (HS2)

O Etror Detection and Correction Capability o7 19 O g 2B STen

[J Simple I/0O Structure: Compatible with Most GND 20 (] 7 21 BT (OIR)
Microprocessors ——

[J Al Inputs and Outputs except Clock Pins are TTL- PACKAGE: 40-pin D.LP.
Compatible (Clock Pins Require Pull-up)

[ Single +5V Power Supply Note: Signals shown in parentheses are used when the HDC7261

[ 40-Pin Dual-in-line Package isin the floppy-like mode.

[0 COPLAMOS® n-Channel Silicon Gate Technology

GENERAL DESCRIPTION

The HDC7261 Hard Disk Controller is an intelligent micro- write, or format operations are done by the HDC7261 and
processor peripheral designed to control a number of dif-  the DMA controller. Extensive error reporting, verify com-
ferent types of disk drives. Itis capable of supporting either ~ mands, ECC, and CRC data error checking assure reliable
hard-sector or soft-sector disks and provides all control sig- controller operation. The HDC7261 provides internal
nals that interface the controller with either SMD disk inter- address mark detection, ID verification, and CRC or ECC
faces or Seagate floppy-like drives. Its sophisticated checking and verification. An eight-byte FIFO is used for
instruction set minimizes the software overheadforthehost  loading command parameters and obtaining command
microprocessor. By using the DMA controller, the micropro- results. This makes the structuring of software drivers a
cessor needs only to load a few command bytes into the  simple task. The FIFO is also used for buffering data during
HDC7261 and all the data transfers associated with read, DMA read/write operations.
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STANDARD MICROSYSTEMS FDC 3400
JLPC FAMILY

=rf

Floppy Disk
Hard Sector DataHandler
-~ HSDH

FEATURES . PIN CONFIGURATION
[ Hard-Sectored Operation — performs all data \o
operations Ao ] 1 0[] :’anss
[ Single or Double Density Operation— R§§§E i ] §§ %ch
recording code independent roe(] 4 a7[]res
O Minifloppy or Standard Floppy compatible RDFEE 5 gg %:ZD
[0 Programmable Sync Byte 2§7c ? 3¢ wo?
[ Internal Sync Byte Detection and Byte Framing RO6[] 8 33 %WDG
O] Fully Double Buffered iets I i
[J Data Overrun/Underrun Detection rO3[] 11 30 Qwos
[ Dual Disk Operation — Write on one disk drive RD2[] 12 ii %a‘n’f
while simultaneously reading from another 25;E - 27 Gwos
[ Tri-State Output Bus for processor Ne] 15 26 [ Vo
compatibility ne( 16 25 Jwou
[ TTL Compatible Inputs and Outputs :EE . oo
Nc[ 1 - 22 JWDR
vee[] 20 21 {JNC
PACKAGE: 40-Pin D.LP.
GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM

08 R

The FDC3400 is an MOS integrated circuit which L
simplifies the data interface between a processor

and a floppy disk drive. During a write operation, e[ v | e | I’L wese |

the HSDH receives data from the processor

and shifts it out bit-serially to the floppy disk data
encoding logic. Similarly, during a read operation S 3 ]
the HSDH receives a bit-serial stream of read o

data from the floppy disk data separator,
establishes byte synchronization by detecting oo ] e
the sync byte, and transfers data on a byte by e
byte basis to the processor.

The HSDH detects data overrun and underrun
conditions and indicates these conditions on its o
status lines. A data underrun causes write data

N—

WRITE GUTPUT
REGISTER

WRITE BT
COUNTER

READ INPUT
REGISTER

to be written onto the disk from a special —

programmablefill register until new data is comves I
entered into the write data buffer or until the omnon
write operation is ended. Ll—J
Separate read and write data registers permit o]

simultaneous read and write operations on two s ] poro Y.

different drives for enhanced system throughput. e T T mesw |

The HSDH is fully double buffered and all inputs Aok —

and outputs are TTL compatible.

b a) READ DATA BUS )ADE-RDT
AoE
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DESCRIPTION OF OPERATION

Prior to reading or writing on the disk, the read/write
head must be positioned and loaded onto the desired
track.

Write Oneoration

The Write Clock is set at the desired bit rate (usually
125, 250, or 500KHz), and the desired fill byte is written
into the Write Fill Register. After the external logic
makes the write enable to the drive active, the first
byte to be written should be loaded into the Write Data
Register. This byte is then loaded into the Write Output
Register and shifted out bit serially to the externa! write
encoding logic. The first bit shifted out of each byte
is the LSB. Whenever a byte is transferred from the
Write Data Register to the Write Output Register, Write
Data Request becomes active and requests another
byte from the processor. If new data is not loaded into
the Write Data Register before the Write Output Reg-
ister becomes empty, then the Write Output Register
is loaded with data from the Write Fill Register and
the Write Data Underrun status line is set. WDU is reset
the next time WDS is pulsed. At the end of the write
operation, the processor should return the external
write enable line to an inactive state.

Read Operation

The Read Clock is set at the desired bit rate (usually
125, 250, or 500KHz) and the desired sync byte is
loaded into the Sync Byte Register. When the pro-
cessor wishes to read a sector of data it causes a
transition on the Read Gate input to set the read
logic into a sync byte search mode. In the search
mode the serial read data bit stream is examined on
a bit by bit basis until a sync byte is found. A sync
byte is found, by definition, when the contents of the
Sync Byte Register and the Read Input Register are
identical. When this occurs the Sync Byte Detected
output is set high. This byte is then loaded into the
Read Data Register and the read logic is set into the

FLOW DIAGRAM

byte mode. In this mode each byte read is loaded into
the Read Data Register and Read Data Request is
made active high for each byte. The processor re-
sponds to each Read Data Request by enabling the
output bus with Read Data Enable. reading the data
byte from the Read Data Register, and resetting Read
Data Request by pulsing Read Data Request Reset.
If the processor fails to respond to Read Data Request
within one byte time, the Read Data Lost status line is
set. When the processor has read the required amount
of data it may reset Read Gate to an inactive-high level.

System Operation — Additional Features
Automatic Sector Fill

In some applications, such as the end of a logical file,
the system buffer may contain less than a full sector
of data. In this case the processor need supply only
this data to the FDC3400. The FDC3400 will then under-
run, setting the Write Data Underrun Status line and
thereby causing the remainder of the sector to fill with
bytes taken from the Write Fill Register. This operation
continues until the processor returns the disk’s write
enable signal to an inactive level.

Byte Search

After byte synchronization has been established during
a read operation, the processor may load a different
byte into the Sync Byte Register. Whenever that byte
occurs in the data being read, the Sync Byte Detected
status line will go high. This feature permits the pro-
cessor to search for the occurence of a specific byte
while reading a sector.

Multiple Byte Synchronization

Some systems use two or more contiguous sync
bytes to establish byte synchronization. For these ap-
plications, the number of Read Data Requests re-
ceived while Sync Byte Detected remains active-high
may be counted by the processor to establish valid
synchronization.

— WRITE DATA

TURN POWER ON
APPLY WCK

PULSE WDS

SET FILL BYTE ONTO WRITE DATA INPUT LINES — PULSE FBS
SET FIRST DATA BYTE ONTO WRITE DATA INPUT LINES —

WRITE 1 BIT

¥

HAS A
FULL BYTE

LOAD WRITE OUTPUT REGISTER
FROM WRITE DATA REGISTER

-
\

BEEN WRITTEN
?

SET NEXT DATA
BYTE ONTO WRITE
DATA INPUT LINES —
PULSE WDS

WDR =0

NO

Y

LOAD WRITE OUTPUT
REGISTER FROM WRITE
FILL REGISTER

WDU =1

T
Y
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FLOW DIAGRAM — READ DATA

TURN POWER ON

APPLY RCK

SET SYNC BYTE ONTO WRITE DATA INPUT LINES — PULSE SBS
PULSE RG — SETS READ LOGIC INTO SYNC BYTE

SEARCH MODE, RDR =RDL =SBD =0

—

Y . . —
[ SHIFT 1 BIT INTO THE READ INPUT REGISTER ~l

ARE THE

CONTENTS OF THE READ

INPUT REGISTER IDENTICAL TO

THE CONTENTS OF THE

SYNC BYTE REGISTER
?

SET THE READ LOGIC INTO
THE BYTE MODE, SBD =1

Y

TRANSFER THE CONTENTS OF THE READ INPUT
REGISTER TO THE READ DATA REGISTER, RDR =1

.

Y
l SHIFT 1 BIT INTO THE READ INPUT REGISTER J

=
=
=]
-
o
o
)

It

HAS A

COMPLETE BYTE

BEEN RECEIVED
?

NO

EXAMINE RDL, SBD

SET CONTENTS OF READ
DATA REGISTER ONTO

READ DATA OUTPUT LINES
VIA RDE.PULSE RDRR,RDR =0

ARE THE
YES CONTENTS OF THE READ NO
I SET SBD =1 I INPUT REGISTER IDENTICAL TO THE SETSBD =0
CONTENTS OF THE SYNC
BYTE REGISTER
?
\

i

YES NO
SET RDL=0 [= IS RDR =0 | SET RDL =1
?
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

FUNCTION

RD

Read Data

The Read Data input accepts the serial data stream
IrGin (e Hoppy disk Jata sCparator.

RCK

Read Clock

The negative-going edge of the Read Clock input
shifts Read Data into the Read Input Register.

RDRR

Read Data
Request Reset

An active-high pulse input on the Read Data Request
Reset input resets the RDR output to a low level.

RDE

Read Data
Enable

An active-high leve! on the Read Data Enable line
gates the outputs of the Read Data Register onto the
Read Data Qutput lines.

RDR

Read Data
Request

The Read Data Request output is made active-high when
an assembled byte is transferred from the Read Input
Register to the Read Data Register.

RDL

Read Data Lost

The Read Data Lost output is made active-high, if the
byte presently in the Read Data Register is not read
(RDR not reset) by the processor before the next byte is
loaded into the Read Data Register.

714

RD7-RD@

Read Data
Output

When enabled by RDE the tri-state Read Data Output
lines present the data in the Read Data Register to the
processor. When RDE is inactive-low the RD7-RD{ lines
are held at a high-impedance state.

NC

Not Connected

Vee

Power Supply

+ 5 volt supply

Not Connected

WDR

Write Data
Request

The Write Data Request output is made active-high
when the Write Data Register becomes empty and
requires a data byte. It is reset to a low level when WDS
occurs to load the Write Data Register. If WDR is not
serviced by the time the next byte is required by the
Write Output Register, the byte stored in the Write Fill
Register is written onto the disk and the WDU line is
made active high.

23

WD

Write Data

The Write Data output presents the serial stream of data
to the external write data encoder. Each byte is normally
provided from the Write Data Register provided that a
WDS pulse occurs during the presently written byte.

I1f WDS is not pulsed, the next byte to be written will be
extracted from the Write Fill Register.

24

GND

Ground

Ground

25

wDU

Write Data
Underrun

The Write Data Underrun output is set active-high when
the processor fails to respond to the WDR signal

within one byte time. When WDU occurs the data
written on the disk is extracted from the Write Fill
Register. This line is reset when WDS is pulsed.

26

VDD

Power Supply

—12 volt supply

27-34

WDp-WD7

Write Data
Input

The Write Data Input lines present information to the
Write Data Register, the Write Fill Register, and the
Sync Byte Register under control of their respective
strobes. The strobes operate independently of each
other. The LSB should always be placed on WD0.

35

RG

Read Gate

This input should be pulsed to a high-Tevel after

power turn on to reset RDR, SBD, and RDL to aninactive-
low level. The high-to-low transition of RG setsthe read
logic into the sync byte search mode. In this mode

the serial Read Data stream is examined on a bit by bit
basis until a sync byte is found. A sync byte is found by
definition when the contents of the Sync Byte Register
and the Read Input Register are identical. When this
occurs the SBD output is set active-high. The sync byte
just read is then transferred into the Read Data Register;
RDR is set high, and the read logic is set into the byte
mode. In this mode each byte read is transferred into

the Read Data Register.

SBD

Sync Byte
Detected

The Sync Byte Detected output is set active-high each
time the byte loaded into the Read Data Register is
identical to the byte in the Sync Byte Register. This
outputis reset low the next time the Read Data Register
is loaded with a byte which is not a sync byte.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL NAME FUNCTION
37 FBS Fill Byte The Fill Byte Strobe is an active-high input strobe which
Strobe loads the byte on the WD@-WD?7 lines into the Write
Fill Register.
38 WCK Write Clock Each positive-going edge of this clock shifts one bit
out of the Write Output Register onto WD.
39 WDS Write Data The Write Data Strobe is an active-high input strobe
Strobe which loads the byte on the WD@-WD?7 lines into the
- Write Data Register.
40 SBS Sync Byte The Sync Byte Strobe is an active-high input strobe
Strobe which loads the byte on the WD@-WD?7 lines into the
Sync Byte Register.

ADDITIONAL TIMING INFORMATION
(Typical Propagation Delays)

WRITE DATA

WCK Vi k

OUTPUT  Troo Troy UNITS

. - WDR NA 2.0 uS
N - - - -
OUTPUT -\\ - wDU 1.0 1.5 e
VoL wD 1.0 1.0 uS
“n e o -
TrDO
TpD ;
(=]
=
(&)
wi
w
READ DATA
RCK viL
OQUTPUT Tepo Tep, UNITS
RDR NA 1.5 uS
—— RDL 2.0 2.5 1S
OUTPUT SBD 2.0 2.5 uS
RDg-RD7 25 2.5 uS
tey
ten ter
RCK I I
100ns
max—» kﬁ’—-{ MIN. TIMING FDC3400 FDC3400-1 UNITS
o~ / ” tey 4.0 2.0 S
7 DATA teu 1.0 0.5 1S
RD // / VALID /{’{ te 2.0 1.0 ©S
tov 1.4 0.9 S
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HSDH TIMING DIAGRAM

WDS i Note 1

WDR 1 | [ Note 1 LT

wDuU l—.
wo 1 T T T T T Y D W [ R i

|¢—————n0ATA BYTE

DATA BYTE

FILL BYTE |

Lruuururuyrrerryyrerurur

| | | | | ! | 1 ]

| SYNC BYTE DATA BYTE DATA BYTE ———|
RG M
rROR " | [Note s 1 |
RDRR JNote 2
ROL | [
sBD ] [Note 3 L
NOTE 1 NOTE 2 NOTE 3

The Write Output Register is
loaded with the next byte at the
positive clock transition cor-
responding to the leading edge
of the last bit of the current byte
on the WD output. WDR is set
high approximately two micro-
seconds after this clock tran-
sition. If it is desired that the
next byte be extracted from the
Write Data Register the leading
edge of the WDS should occur
at least one microsecond prior
to this clock transition.

In order to avoid an RDL indi-
cation the leading edge of the
RDRR pulse should occur at
least one microsecond prior to
the negative clock transition
corresponding to the center of
the first bit after the last bit

of the previous byte on the

RD input.

The RDL, SBD and RD0O-RD7
output are set to their correct
levels approximately two micro-
seconds after the negative
clock transition corresponding
to the center of the first bit after
the last bit of the previous byte
on the RD input. The RDR
output is set high at the next
negative clock transition.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range. . . .. ... ii ittt it e ettt et e eiaaaaas 0°C to +70°C
Storage Temperature Range . .. .. ... ittt it i e, —55°C to +150°C
Load Temperature (soldering, 10 SEC.) .. .. ...t tmnt ittt ettt ettt et et iee i, +325°C
Positive Voltage onany Pin, Vee. ... ..o e e +0.3v
Negative Voltage onany Pin, Vec. . ... oot et et e e e et e —25V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in the
operational sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc= +5V +5% Vo= —12V+5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Conditions
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, Vi Voo 0.8 v
High-level, Viu Vee-1.5 Vee \)
OUTPUT VOLTAGE LEVELS
Low-level, Vou 0.2 0.4 v lo==1.6mA
High-level, Von 2.4 4.0 \") lon= —1 OO,MA
INPUT CURRENT
Low-level, . 1.6 mA See note 1
OUTPUT CURRENT '
Leakage, lo -1 wA RDE=V.,0=Vour= +5V
Short circuit, los** 10 mA Vour=0V
INPUT CAPACITANCE .
All inputs, Ci 5 10 pF Vin=Vec, f=1MHz
OUTPUT CAPACITANCE
All outputs, Cour 10 20 pF RDE=V., f=1MHz
POWER SUPPLY CURRENT
lec 28 mA All outputs =Vou =
loo 28 mA =
=4
—_
A.C. CHARACTERISTICS ‘ Ta= +25°C §
CLOCK FREQUENCY DC 250 KHz RCK, WCK
DC 500 KHz RCK, WCK, FDC3400-1
PULSE WIDTH
Clock 1 uS RCK, WCK
0.5 %] RCK, WCK, FDC3400-1
Read Gate 1 1S RG
Write Data Strobe 200 ns wDS
Fill Byte Strobe 200 ns FBS
Sync Byte Strobe 200 ns SBS
Read Data Request Reset 200 ns RDRR
INPUT SET-UP TIME
Write Data Inputs 0 ns WD@-WD7
INPUT HOLD TIME
Write Data Inputs 0 ns WD@-WD7
STROBE TO OUTPUT DELAY Load=20pf+1 TTL input
Read Data Enable 180 250 ns RDE: Teer, Tero
OUTPUT DISABLE DELAY 100 250 ns RDE

**Not more than one output should be shorted at a time.

NOTES:

1. Under steady state condition no current flows for TTL or MOS interfacing.

A switching current of 1.6mA maximum flows during a high to low transition of the input.
2. The tri-state output has 3 states:

1) low-impedance to Ve

2) low-impedance to GND

3) high-impedance OFF = 10M ohms

The CFF state is controlied by the RDE input.
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-

However, no responsibility is

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
We keep ahead of our competition 50 you can keep ahead of yours.  at any time in order to improve design and supply the best product possible.

information has been carefully checked and is believed to be entirely reliable.

STANDARD MICROSYSTEMS

(516)273-3100  TWX-510-227-B398.

B 35 Marcus B Haugoauge. NY, 11768
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STANDARD MICROSYSTEMS CCC 3500
w_ JLPC FAMILY

Cassette/Cartridge Data Handler
"CCDH

FEATURES
B . PIN CONFIGURATION
[1 Facilitates Magnetic Tape Cassette or —
Cartridge to Processor Interfacing o 1 40[] 58S
O Performs All Data Operations Rgi:E 2 o %mgi
[0 Up to 250K bps Data Transfer Rate roe(] 4 37 [JFBS
O Recording Code Independent F;EFZE : o %ii"
O Compatible with Standard and Mini Cassettes ror 7 3¢ Jwo?
[0 Compatible with Standard and Mini 3M-type ADs[] 8 33 [Jwoe
Cartridges “DSE ° 2 ::Jlasj A
4
[0 Read-While-Write Operation for Write 2;’3[ :1 30 []wp3
Verification In Dual Gap Head Systems roz[j12 L) 20 %woz
281 jwD
O Programmable Sync Byte . EE;E ° ® 3WD;
O Internal Sync Byte Detection and Byte Framing ne 1s 26 [ Voo
[ Fully Double Buffered N[ 16 :45 lesg
[0 Data Overrun/Underrun Detection :',EE 1; 23 %fm
[ Tri-State Output Bus for Processor Nc[] 19 22 [JwoR
Compatibility vee[J 20 Sl IL
[ TTL Compatible Inputs and Outputs PACKAGE: 40-Pin D.LP
GENERAL DESCRIPTION

FUNCTIONAL BLOCK DIAGRAM
The CCC 3500 is an MOS integrated circuit which "

A A ] 108 —EITE BATA RS
simplifies the data interface between a
processor and a magnetic tape cassette or

I

cartridge drive. During a write operation the wos ——— v oars waTE AL S YT
CCDH receives data from the processor and ros i j J ’—{ & |
shifts it out bit serially to the cassette/cartridge

data encoding logic. Similarly during a read < <

operation the CCDH receives a bit-serial stream L exen |

of read data from the cassette/cartridge data

recovery circuit, establishes byte synchroniza- N I

tion by detecting the sync byte, and transfers o — o e oreur | o
data on a byte by byte basis to the processor. Lo T

WRITE BIT
COUNTER

The CCDH detects data overrun and underrun
conditions and indicates these conditions on its
status lines. A data underrun causes datafrom a
special programmabile fill register to be written
onto the cassette/ cartridge until new data is meao &t
entered into the write data buffer or until the

write operation is ended.

Separate read and write data registers permit .

RD READ INPUT

REGISTER

simultaneous read and write operations. Drives e I !
with dual gap heads may utilize this read-while- o —| ————I'—EE;DT—‘
write feature for write data verification thereby ]

enhancing system throughput and reliability.
The CCDH is fully double buffered and all inputs
and outputs are TTL compatible.

397



DESCRIPTION OF OPERATION

Write Operation

After power-on, the Write Clock is set at the desired bit
rate and the desired fill byte is written into the Write
Fill Register. After the external control logic has
caused Ine tape to come up to operating speed and
activated the write enable signal, the first byte to be
written should be loaded into the Write Data Register.
This byte is then loaded into the Write Output Register
and shifted out bit serially to the external write en-
coding logic. The first bit shifted out of each byte is
the LSB. Whenever a byte is transferred from the Write
Data Register to the Write Output Register, Write Data
Request becomes active and requests another byte
from the processor. If new data is not loaded into the
Write Data Register before the Write Output Register
becomes empty, then the Write Output Register is
loaded with data from the Write Fill Register and the
Write Data Underrun status line is set. WDU is reset
the next time WDS is pulsed. At the end of the write
operation, the processor should return the external
write enable line to an inactive state.

Read Operation

After power-on, the desired sync byte is loaded into
the Sync Byte Register. After the external control logic
has initiated forward motion and the tape has come up
to operating speed, the processor produces a positive-
to-negative transition on the Read Gate input to set the
read logic into the sync byte search mode. In the
search mode the serial read data bit stream is ex-
amined on a bit by bit basis until a sync byte is found.
A sync byte is found, by definition, when the contents
of the Sync Byte Register and the Read Input Register
are identical. When this occurs the Sync Byte Detected
output is set high. This byte is then loaded into the
Read Data Register and the read logic is set into the
byte mode. In this mode each byte read is loaded into
the Read Data Register and Read Data Request is made
active high for each byte. The processor responds to

each Read Data Request by enabling the output bus
with Read Data Enable, reading the data byte from
the Read Data Register, and resetting Read Data
Request by pulsing Read Data Request Reset If the

mranneamr falla da sanmamad 2 Ty
PrCCCSCCr iGHS WO ICSPONRG W nicad uutuncquc:ﬂ Withii

one byte time, the Read Data Lost status line is set.
When the processor has read the required amount of
data it may reset Read Gate to an inactive-high level
and stop tape motion.

System Operation — Additional Features

Automatic Biock Fili

In some applications, such as the end of a logical file,
the system buffer may contain less than a full block
of data. In this case the processor need supply only
this data to the CCC 3500. The CCC 3500 will then
underrun, setting the Write Data Underrun Status line
and thereby causing the remainder of the block to fill
with bytes taken from the Write Fill Register. This op-
eration continues until the processor returns the drive’s
write enable signal to an inactive level.

Byte Search

After byte synchronization has been established dur-
ing a read operation, the processor may load a differ-
ent byte into the Sync Byte Register. Whenever that
byte occurs in the data being read, the Sync Byte De-
tected status line will go high. This feature permits the
processor to search for the occurrence of a specific
byte while reading a block.

Multiple Byte Synchronization

Some systems use two or more contiguous sync
bytes to establish byte synchronization. For these
applications, the number of Read Data Requests re-
ceived while Sync Byte Detected remains active-high
may be counted by the processor to establish valid
synchronization.

FLOW DIAGRAM — WRITE DATA

TURN POWER ON
APPLY WCK

PULSE WDS

SET FILL BYTE ONTO WRITE DATA INPUT LINES — PULSE FBS
SET FIRST DATA BYTE ONTO WRITE DATA INPUT LINES —

Y

[ WRITE 1 BIT

)

HAS A

Y

LOAD WRITE QUTPUT REGISTER
FROM WRITE DATA REGISTER
WDU =0

WDR =1

.

FULL BYTE

BEEN WRITTEN
?

SET NEXT DATA
BYTE ONTO WRITE
DATA INPUT LINES —
PULSE WDS

WDR =

LOAD WRITE OUTPUT
REGISTER FROM WRITE
FILL REGISTER

WDU =1
t
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FLOW DIAGRAM — READ DATA

TURN POWER ON
SET SYNC BYTE ONTO WRITE DATA INPUT LINES — PULSE SBS

PULSE RG —SETS READ LOGIC INTO SYNC BYTE
SEARCH MODE, RDR=RDL =SBD =0
APPLY RCK

t-

Y
- —l '""W‘TBH’MG'THE%WREGPS?ERW"*}*"*" S

ARE THE

~~ CONTENTS OF THE READ

INPUT REGISTER IDENTICAL TO

THE CONTENTS OF THE

SYNC BYTE REGISTER
?

SET THE READ LOGIC INTO"
THE BYTE MODE, SBD =1

Y

TRANSFER THE CONTENTS OF THE READ INPUT
REGISTER TO THE READ DATA REGISTER, RDR = 1

.

Y
[ SHIFT 1 BIT INTO THE READ INPUT REGISTER |

HAS A

COMPLETE BYTE

BEEN RECEIVED
?

EXAMINE RDL, SBD

SET CONTENTS OF READ
DATA REGISTER ONTO

READ DATA OUTPUT LINES
VIA RDE.PULSE RDRR,RDR =0

ARE THE
CONTENTS OF THE READ NO
INPUT REGISTER IDENTICAL TO THE [ SETSBD =0 I
A

CONTENTS OF THE SYNC
BYTE REGISTER
?

YE
l SET SBD =1 l S
Y

YES NO
ISRDR =0 — SET RDL =1
?

SET RDL =0 [
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DESCRIPTION OF PIN FUNCTIONS

SYMBOL

NAME

FUNCTION

RD

Read Data

The Read Data input accepts the serial data stream
from the cassette/cartridge data recovery circuit.

RCK

Read Clock

The negative-going edge of the Read Clock input
shifts Read Data into the Read Input Register.

RDRR

Read Data
Request Reset

An active-high pulse input on the Read Data Request
Reset input resets the RDR output to a low level.

RDE

Read Data
Enable

An active-high level on the Read Data Enable line
gates the outputs of the Read Data Register onto the
Read Data QOutput lines.

RDR

Read Data
Request

The Read Data Request output is made active-high when
an assembled byte is transferred from the Read Input
Register to the Read Data Register.

RDL

Read Data Lost

The Read Data Lost output is made active-high, if the
byte presently in the Read Data Register is not read
(RDR not reset) by the processor before the next byte is
loaded into the Read Data Register.

7-14

RD7-RDf

Read Data
Output

When enabled by RDE the tri-state Read Data Output
lines present the data in the Read Data Register to the
processor. When RDE is inactive-low the RD7-RD@ lines
are held at a high-impedance state.

NC

Not Connected

Vee

Power Supply

+ 5 volt supply

Not Connected

WDR

Write Data
Request

The Write Data Request output is made active-high
when the Write Data Register becomes empty and
requires a data byte. It is reset to a low level when WDS
occurs to load the Write Data Register. If WDR is not
serviced by the time the next byte is required by the
Write Output Register, the byte stored in the Write Fill
Register is written onto the cassette/cartridge and the
WDU line is made active high.

23

WD

Write Data

The Write Data output presents the serial stream of data
to the external write data encoder. Each byte is normalily
provided from the Write Data Register provided that a
WDS pulse occurs during the presently written byte.

I WDS is not pulsed, the next byte to be written will be
extracted from the Write Fill Register.

24

GND

Ground

Ground

25

WDU

Write Data
Underrun

The Write Data Underrun output is set active-high when
the processor fails to respond to the WDR signal

within one byte time. When WDU occurs the data
written on the disk is extracted from the Write Fill
Register. This line is reset when WDS is pulsed.

26

VDD

Power Supply

—12 volt supply

27-34

WDp-WD7

Write Data
Input

The Write Data Input lines present information to the
Write Data Register, the Write Fill Register, and the
Sync Byte Register under control of their respective
strobes. The strobes operate independently of each
other. The LSB should always be placed on WD@.

35

RG

Read Gate

This input should be pulsed to a high-level after

power turn on to reset RDR, SBD, and RDL to aninactive-
low level. The high-to-low transition of RG setsthe read
logic into the sync byte search mode. In this mode

the serial Read Data stream is examined on a bit by bit
basis until a sync byte is found. A sync byte is found by
definition when the contents of the Sync Byte Register
and the Read Input Register are identical. When this
occurs the SBD output is set active-high. The sync byte
just read is then transferred into the Read Data Register;
RDR is set high, and the read logic is set into the byte
mode. In this mode each byte read is transferred into

the Read Data Register.

SBD

Sync Byte
Detected

The Sync Byte Detected output is set active-high each
time the byte loaded into the Read Data Register is
identical to the byte in the Sync Byte Register. This
output is reset low the next time the Read Data Register
is loaded with a byte which is not a sync byte.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL NAME FUNCTION
37 FBS Fill Byte The Fill Byte Strobe is an active-high input strobe which
Strobe loads the byte on the WD@-WD7 lines into the Write
Fill Register.
38 WCK Write Clock Each positive-going edge of this clock shifts one bit
out of the Write Output Register onto WD.
39 WDS Write Data The Write Data Strobe is an active-high input strobe
Strobe which loads the byte on the WD8-WD?7 lines into the
S [ [ - i TS - S
40 SBS Sync Byte The Sync Byte Strobe is an active-high input strobe
Strobe which loads the byte on the WD@-WD7 lines into the
Sync Byte Register.
]
ADDITIONAL TIMING INFORMATION
(Typical Propagation Delays)
WRITE DATA
WCK ViH—t
OUTPUT  Troo Teo,  UNITS
WDR NA 2.0 uS
---——-h—-----\
TV wDU 1.0 1.5 uS
vV
OUTPUT -, ng WD 1.0 1.0 uS
N .- -
TrDO 1
TPD1
READ DATA
RCK ViL
OUTPUT  Troo Teon  UNITS
RDR NA 1.5 uS
S ——— | e— RDL 2.0 2.5 1S
OUTPUT N Vou SBD 2.0 .25 »S
~ =% 'mmm  RDHRD7 25 25 48
TepDO 1
TPD1
tey
ten ta
e
RCK I I
100ns toy
max—{ p——s MIN. TIMING CCC 3500 UNITS
, ter 4.0 ©S
L / 1 1.0 45
RD // oAb / to 20 s
tov 1.4 1S
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range. . .. ... oottt ittt ettt ie e ettt iereeanennn. 0°C to +70°C
Storage Temperature Range . . .. ...ttt ittt it et et it —55°C to +150°C
Load Temperature (soldering, 10 S8C.) . .....vtutte it ittt et e e et +325°C ,
Positive Voltage onany Pin, Vec. . ... ..o oo e +0.3V |
NEQgative VOITAgE ONM ANY PIM, Vet . . v vttt ittt et ittt ae sttt sttt enaeeanneeneennnnneenns —25V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in the
operational sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (T+=0°C to 70°C, Vec= +5V +5% Vo= —12V+=5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Conditions
D.C. CHARACTERISTICS

INPUT VOLTAGE LEVELS .

Low-level, Vi Voo 0.8 Vv

High-level, Vi Vee-1.5 Ve v
OUTPUT VOLTAGE LEVELS

Low-level, Vo 0.2 0.4 Vv loo=1.6mA

High-level, Vou 24 4.0 \ lov= —100zA
INPUT CURRENT

Low-level, I 1.6 mA See note 1
OUTPUT CURRENT

Leakage, lo -1 A RDE =Vu, 0= Vourr= +5V

Short circuit, los** 10 mA Vour=0V
INPUT CAPACITANCE N

Allinputs, Cix 5 10 pF Vin=Vcc, f=1MHz
OUTPUT CAPACITANCE

All outputs, Cour 10 20 pF RDE=V., f=1MHz
POWER SUPPLY CURRENT

lec 28 mA All outputs = Von

loo 28 mA

A.C. CHARACTERISTICS Ta= +25°C

CLOCK FREQUENCY DC 250 KHz RCK, WCK
PULSE WIDTH

Clock 1 us RCK, WCK

Read Gate 1 ] RG

Write Data Strobe 200 ns WDS

Fill Byte Strobe 200 ns FBS

Sync Byte Strobe 200 ns SBS

Read Data Request Reset 200 ns RDRR
INPUT SET-UP TIME

Write Data Inputs 0 ns WD@-WD7
INPUT HOLD TIME

Write Data Inputs 0 ns WD@-WD7
STRORE TQ OUTPUT DELAY Load=20pf+1 TTL input

Read Data Enable 180 250 ns RDE: Teor, Teoo
OUTPUT DISABLE DELAY 100 250 ns RDE

**Not more than one output should be shorted at a time.

NOTES:
1. Under steady state condition no current flows for TTL or MOS interfacing.

A switching current of 1.6mA maximum flows during a high to low transition of the input.
2. The tri-state output has 3 states:

1) low-impedance to Vcc

2) low-impedance to GND

3) high-impedance OFF = 10M ohms

The OFF state is controlled by the RDE input.
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CCDH TIMING DIAGRAM

esiaipipigipipipipigipigipipipipipipipininipiginininigin
wos n_ Notet[]

wor — L ‘[Notei i

wDU r l_.
wo LT [ N A B [ [

|«———————DATA BYTE

| DATA BYTE

FILL BYTE

Rk LMy e L
3 T T T T S O 0
} SYNG BYTE | DATA BYTE -] DATA BYTE ————|
rRea [
RDR ~ | [Note 3 1
RDRR Note 2
DL | I
sBD "~ | _ [Notes L
NOTE 1 NOTE 2 NOTE 3

The Write Output Register is
loaded with the next byte at the
positive clock transition cor-
responding to the leading edge
of the last bit of the current byte
on the WD output. WDR is set
high approximately two micro-
seconds after this clock tran-
sition. If it is desired that the
next byte be extracted from the
Write Data Register the leading
edge of the WDS should occur
at least one microsecond prior
to this clock transition.

In order to avoid an RDL indi-
cation the leading edge of the
RDRR puise should occur at
least one microsecond prior to
the negative clock transition
corresponding to the center of
the first bit after the last bit

of the previous byte on the

RD input.

The RDL, SBD and RD0-RD7
output are set to their correct
levels approximately two micro-
seconds after the negative
clock transition corresponding
to the center of the first bit after
the last bit of the previous byte
on the RD input. The RDR
output is set high at the next
negative clock transition.
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uently complete information sufficient for construction purposes is not necessarily given. The

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
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STANDARD MICROSYSTEMS

CORPORATION e
_—

FEATURES

[] 4096 x 8 Organization

O All Inputs and Outputs TTL-Compatible

[ Fully Static (No Clocks, No Refresh)

[ Single +5v Power Supply

[J Maximum Access Time...450ns

O Minimum Cycle Time...450ns

O Typical Power Dissipation...580mW

[ Three-State Outputs for Wire-OR Expansion

[0 Industry Standard 24 pin DIP Pin Out

[J Pin Compatible with TMS 4732, TMS 4700,
TMS 2708 and Intel 2316E

O Two programmable chip select inputs for Chip
Select Flexibility

O Automated Custom Programming— Formats—
Media

O COPLAMOS® N-Channel MOS Technology

ROM 4732

JLPC FAMILY

4096 X 8-Bit Static Read-Only Memory

PIN CONFIGURATION

a7 1( g N 24 vee
A6 20 1] 23 A8
A5 30 ] 22 A9
A4 4 (g 1 21 CS2 or C82
A3 50 11 20 CS1 or C81
A2 6 [ 19 A10
At 70 g18A11
A 8 [ D17Q8
Q1 9 n16Q7
Q210 1 15Q6
Q311 Qg D14Q5
GND 12 N13Q4
PACKAGE: 24-pin D.I.P.

GENERAL DESCRIPTION

The ROM4732 is a 32,768-bit read-only memory
organized as 4096 words of 8-bit length. This makes
the ROM 4732 ideal for microprocessor based
systems. The device is fabricated using N-channel
silicon-gate technology for high speed and simple
interface with bipolar circuits.

All inputs can be driven directly by Series 74 TTL
circuits without the use of any external pull-up
resistor. Each output can drive one Series 74 or74S
load without external resistors. The data outputs
are three-state for OR-tieing multiple devices on a
common bus, facilitating easy memory expansion.
Two chip select controls allow data to be read.

These controls are programmable, providing
additional system decode fiexibility allowing four
32K ROMs to be OR-tied withoutexternal decoding.
The data is always available, it is not dependent
on external CE clocking.

The ROM 4732 is designed for high-density fixed-
memory applications such as logic function
generation and microprogramming. Systems
utilizing 1024 x 8-bit ROMs or 1024 x 8-bit EPROMs
can expand to the 4096 x 8-bit ROM 4732 with
changes only to pins 18, 19, and 21. Toupgrade from
the 2316E, simply replace CS2 with A11 on pin 18.

BLOCK DIAGRAM

1

Y
AB—A4 ¥ ADDRESS
BUFFER

DATA QUTPUTS
Q1—Q8
CHIP SELECT LOGIC .
OUTPUT BUFFERS
= \ 32 )
5 Y DECODE Y GATING

ADDRESS INPUTS

X 128
A5—A11Y ADDRESS |7 X DECODE
BUFFER

4096 X 8 MEMORY MATRIX
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MAXIMUM GUARANTEED RATINGS*

Operating TemperatureRange .................... e e e 0°Cto+ 70°C
Storage Temperature Range . . ... .ovueie it i i ieeaens —55°C to +150°C
Lead Temperature (soldering, 10 sec ) IR P, +325°C
Positive Voltage on any Pin, with respecttoground .............................. +7.0V
l\lnnahun \/r\lfnnn onany Dtn with roenar\f tn nrn| ind —0 2/

*Stresses above those listed may cause permanentdamagetothedevice. Thisisastressrating
only and functional operation of the device at these or at any other condition above those
indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, itisimportant
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is
switched on and off. In addition, voltage transients on the AC power line may appear on the
DC output. If this possibility exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS

(Ta=0°C to 70°C, Vce = +5V 5%, unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit Comments
D.C. CHARACTERISTICS

INPUT VOLTAGE LEVELS

Low-level, Vi 0.65 \

High-level, Vin 2.0 v
OUTPUT VOLTAGE LEVELS

Low-level, Voo 04 \Y lo. =2.0mA

High-level, Vou 24 \ low = —200pA
INPUT CURRENT

Low-level, ln 10 uA ov =< Vin < Vec
QUTPUT CURRENT

lou +10 uA Chip Deselected
INPUT CAPACITANCE

Allinputs, Cin 7 pF
OUTPUT CAPACITANCE

Ali Outputs, Cour 10 pF
POWER SUPPLY CURRENT .

lec 150 mA

A.C. CHARACTERISTICS 1 Series 74 TTL load,
CL =100 pF

Read cycle time, t¢q 450 ns
Access time from address, taeq 450 ns
Access time from chip select,

taces) 200 ns
Previous output data valid after

address change, tevx 450 ns
Output disable time from chip

select, tpx; 200 ns

READ CYCLE TIMING
-¢ Lt Tetray > ;

ic(ns) t:
I

]
ViH
ADDRESSES ADDRESSES VALID X ADDRESSES VALID W
ViL
Vin

Vi taes)

'4— ta(ad)—'» !

!
| —— 5 (a0)———1 tovx E j* texz

Vou J
Q1—Q8 HI—2Z \ VALID xNOT VALI?X VALID )—HI-Z—

VoL
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Description of Pin Functions

. INPUT/
PIN NO. SYMBOL NAME OUTPUT FUNCTION

,2,3,4,5,6, | A7, A6, A5, A4, | Addresses < The 12-bi