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PART NUMBER PAGE PART NUMBER PAGE 

COM 1553A 18-19 COM 5036 128-129 
COM 1671 20-35 COM5036T 128-129 
FDC1771 CRT 5037 78-85 
FDC1791 COM 5046 130-131 
COM 1863 36 COM5046T 130-131 
COM 2017 37-44 CRT 5057 78-85 
COM2017H 37-44 FDC7003 178-179 
KR2376XX 152-155 CRT7004A 104-108 
COM 2502 37-44 CRT7004B 104-108 
COM 2502H 37-44 CRT7004C 104-108 
COM 2601 45-52 CRT8002A 94-103 . 
COM 2651 53-54 CRT8002B 94-103 
FDC3400 170-177 CRT8002C 94-103 
CCC3500 180-187 COM 8004 67 
KR3600XX 156-163 COM 8017 68-75 
CG4103 110-113 COM 8018 36 
ROM 4732 166-169 COM 8046 136-137 
SR5015XX 114-117 COM8046T 136-137 
SR 5015-80 114-117 COM 8116 138-139 
SR 5015-81 114-117 COM 8116T 138-139 
SR 5015-133 114-117 COM 8126 140-141 
COM 5016 124-125 COM 8126T 140-141 
COM5016T 124-125 COM 8136 142-143 
SR5017 118-121 COM 8136T 142-143 
SR5018 118-121 COM 8146 144-145 
COM 5025 55-66 COM 8146T 144-145 
COM 5026 126-127 COM 8251 A 76 
COM5026T 126-127 COM 8502 68-75 
CRT 5027 78-85 CRT 96364A/B 86-93 
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FUNCTIONAL INDEX 

~ Data Comm1lllicatlon Products 
Part .- Power 

B'Umber Rame Description Baud ... Supplies Package ~e 
COM 1663A(l) MIL-STD- MIL-STD 1663 (Manchester) Interface 

1663A UART Controller i MB +6 40 DIP 18-19 

COM 1671 ASTRO AsynchronouwVS,ynchronous 
Transmitter/Receiver, Full Duplex 6-8 1 MB +6, -6, +12 40 DIP 20-36 
data bit, IX or 32X clock 

COM 1863(1) UART Universal Asynchronous Receiverl 
Transmitter, Full Duplex 6-8 data bit, 
1, 1'fl, 2 stop bit, enhanced distortion 40KB +6 40 DIP 36 
margin 

COM 2017 UART Universal Asynchronous Receiver 
Transmitter, Full Duplex 6-8 data bit, 26KB +-6,-12 40 DIP 37-44 
1, 1 'fl, 2 stop bit 

COM 2017H UART Universal Asynchronous Receiverl 
Transmitter, Full Dupiex 6-.8 data bit, 40KB +6, -12 40 DIP 37-44 
1, 1'fl, 2 stop bit 

COM 2602 UART Universal Asynchronous Receiverl 
Transmitter, Full Duplex 5-8 data bit, 25KB +5, -12 40 DIP 37-44 
1,2 stop bit 

COM 2602H UART Universal Asynchronous Receiverl 
Transmitter, Full Duplex 6-8 data bit, 40KB +6, -12 40 DIP 37-44 
1,2 stop bit 

COM 2601 USRT Universal Synchronous Receiverl 
Transmitter, STR, BSC, Bi-sync 260KB +6, -12 40 DIP 46-62 
compatible 

COM 2661(1) USART/PCI Universal S,ynchronous/Asynchronous 
Receiver/Transmitter, Full Duplex; 6-8 
Data bits; 1, 1'fl, 2 stop bit, IX, 16X, 1 MB +6 28 DIP 63-64 
64X clock 

COM 6026 Multi-Protocol SDLC, HDLC, ADCCP, Bi-sync, DDCMP 
USRT compatible, automatic bit stuffing! 

stripping, frame detection/generation, 1.6MB +6,+12 40 DIP 66-66 
CRC generation/checking, sync detection 

COM 8004(1) 32 Bit CRC Companion device t6 COM 6026 
Generatorl for 32 bit CRC 2.0MB +6 20 DIP 67 
Checker 

COM 8017 UART Universal Asynchronous Receiverl 
Transmitter, Full Duplex 6-8 data bit, 40KB +6 40 DIP 68-76 
1, 1'fl, 2 stop bit 

COM 8018(1) UART Universal Asynchronous Receiverl 
Transmitter, Full Duplex .6-8 data bit, 
1, 1'fl, 2 stop bit, enhanced distortion 40KB +6 40 DIP 36 
margin 

COM 8261A(1) USART/PCI Universal S,ynchronous/Asynchronous 
ReceiverlTransmltter, Full Duplex, 6-8 64 KB (sync) 
data bit, 1, 1 'fl, 2 stop bit 9.6 KB (async) +6 28 DIP 76 

COM 8602 UART Universal Asynchronous Receiverl 
Transmitter, Full Duplex 6-8 data bit, 40KB +6 40 DIP 68-76 
1,2 stop bit 

(1) For future release 
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OB! Display 
'V'.U.C~ ~I.mG COB'.rB.OLLIIU 

Dlaplay IIu: 
I'eatures 1'o1'lll&t mock 

provides &ll of the 
t1m1ng a.nd control 

CRT 5037 for interlaced a.nd balanced beam interlace 414Hz 
non-interlaced CRT 

CRT 5057(1) d1spl~ line-lock 

CRT on-chip cursor and 64 column 1.6 14Hz 
write control 16 row 

(llpor future release 
VDA.(J'M DISPLA.Y COlftB.OLLlIIBS 

.art # Description Dlaplay 

CRT 8002A (2,3) provides complete 7x 11 dot matrix, 
d1spl~ and attri- wide graphics, 
butes control for • thin graphics. 

CRT 8002B(2,3) 
alpha.numeric and on-chip cursor 
graphics d1spl~. 
Consists of 7x11x128 
character generator, 

CRT 8002C(2,3)' 
videQ shUt register, 
latches, graphics a.nd 
attributes circuits 

(2)Also av&1lable as CRT 8002A,B,C-001 Kat&kana. 
CRT 8002A,B,C-003 5X7 dot matrix 

(3)~ be custom mask programmed 

IIu: 
.At;t;rilnltes Glock 

reverse video 2014Hz 
blank 
blink 
underline 
strike-thru 1514Hz 

10 MHz 

CKABACDB GlilDIBA.TOBS 
IIu: 

+5, +12 

+5 

Powe 
8Ilpply 

+5 

.art# Description l'reCJ.uency Power 8Ilpply 
CRT 7004A(3) 'l'x11x 128 charactsr generator, 2014Hz 

CRT 7004B(3) 
latches, video shUt register 

1514Hz +5 

CRT 70040(3) 10 MHz 

(3)~ be custom mask progr8JJUIled 

"'PriD1;er 
CKABACHB GlilDIBA.~OB 

• artRumber Description __ Access '.rime .ower 8Ilppl1e • 
CG 4103(3) 5x7x64 1.2 ILsec +5, -12 or ±12 

(3)~ be custom mask programmed 

SHIft BIIGlftIIB 
IIu: Power 

.artRumber DeSCription l'eat1u'e Glock 1'reCJ.. 8Ilpply. 
SR 50l5-XX Quad . Static ShUt Register Load, Reciroulate, 

Mask Programmable Length ShUt Controls, 
SE 5015-80 Quad 80 Bit Static 
SR 5015-81 Quad 81 Bit Static 114Hz +5 

SR 5015-133 Quad 133 Bit Static 

SR 5017 Quad 81 Bit ShUt LeftJShUt 
Right, Recirculate 114Hz +5 

SR 5018 Quad 133 Bit Controls, Asynch-
ronous clear 
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40 DIP 78-85 

25 DIP 86-93 

·.ackate ·ace 

25 DIP 94-103 

hcb,e .... 
24 DIP 104-108 

.ackate ·ace 

16 DIP 114-117 

16 DIP 118-121 



Baud Bate Generator 
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. 
"Tn versions utilize an external frequency input 
only. Dual Baud Rate Generators provide two out-

put frequencies simultaneously for full duplex 
communication. I 

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. 

'except as noted 

Power 
Part # Description I'eatures Supplies Pack.,e 

COM 5016 Dual Baud Rate Generator On-chip oscillator or external +5, +12 18 DIP 
frequency input 

COM 5016T Dual Baud Rate Generator External frequency input +5, +12 18 DIP 

COM 5026 Single Baud Rate Generator On-chip oscillator or external +5, +12 14 DIP 
frequency input 

COM 5026T Single Baud Rate Generator External frequency input +5, +12 14 DIP 

COM 5036 Pual Baud Rate Generator COM 5016 with additional +5, +12 18 DIP 
output of input frequency + 4 

COM 5036T Dual Baud Rate Generator COM 5016T with additional +5, +12 18 DIP 
output of input frequency + 4 

COM 5046 Single Baud Rate Generator COM 5026 with additional +5, +12 14 DIP 
output of input frequency + 4 

COM 5046T Single Baud Rate Generator COM 5026T with additional +5, +12 14 DIP 
output of input frequency + 4 

COM 8046 Single Baud Rate Generator 32 baud rates; IX, 16X, 32X +5 16 DIP 
clock outputs; single +5 volt 
supplY 

COM 8046T Single Ba.ud Rate Generator COM 8046 witll. 8ll-t.ernal +6 16 DIP 
frequency input only 

COM 8116 Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 
COM 5016 

COM 8116T Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 
COM 5016T 

COM 8126 Single Baud Rate Generator Single +5 volt version of +5 14 DIP 
COM 5026 

COM 8126T Single Baud Rate Generator Single +5 volt version of +5 14 DIP 
COM 5026T 

COM 8136 Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 
COM 5036 

COM 8136T Dual Baud Rate Generator Single +5 volt version of +5 18 DIP 
COM 5036T 

COM 8146 Single Baud Rate Generator Single +5 volt version of +5 14 DIP 
COM 5046 

COM 8146T Single Baud Rate Generator Single +5 volt version of +5 14 DIP 
COM 5046T 

Keyboard Incoder 
Stan4ar4 I'onts Power 

Part # Ro. of Keys Modes I'eaturas Suffix Description Supplies Package 
KR-2376 XX(3) 88 3 2 Key Rollover -ST ASCII +5, -12 40 DIP 
KR-3600 XX(3) 90 4 2 Key or -ST ASCII +5, -12 40 DIP 

N Key Rollover -STD ASCII 
-PRO Binary Sequential 

(3)Maur be custom mask programmed 
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Page 
124-125 

124-125 

126-127 

126-127 
128-129 

128-129 

130-131 

130-131 

136-137 

136-137 

138-139 

138-139 

140-141 

140-141 

142-143 

142-143 

144-145 

144-145 

Page 
152-155 

156-163 



Microprocessor Peripheral 

part; R1UIlber I De.cription Acce.. time Power Supply Packaje page 
ROM 4732(3) I 32K ROM; 32,768 bits 450 nsec +5 24 DIP ·166-159 

organized 4096x8 

')Ma3r be custom mask programmed 

I'LOPPT DISK 

Write 
part; Sector IBM Pre·com· Power 

R1UIlber De.cription l'orma1; De_ity CompaUble pen .. 1;ion Supplie. Package Page 
FDC 1771(1) Floppy Disk 

Controller/Formatter Soft. Single Yes No +5 40 DIP -
FDC 1791(1) Floppy Disk 

Controller/Formatter Soft. Double Yes External +5 40 DIP -
FDC 3400 Floppy Disk Data Handler Hard NA. NA. No +5, -12 40 DIP 170-177 

provides serial/parallel inter-
face, sync detection 

FDC 700~1) Floppy Disc 
Controller/Formatter Soft. Double Yes Internal +6 40 DIP 178-179 

CASSETTE/CABTBIDGE 

MIUI: Power 
Part; R1UIlber De.cription Data Ba1;e I'eature. Supply Packaje page 

CCC 3500 Cassette/Cartridge Data Handler 250K bps Sync byte detection, +5, -12 40 DIP 180-187 
Read While Write 

)For future release 
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SMC CROSS REFERENCE OUIDE 

Description AMI E.A. Fairchild G.I. Harris Intel Inter! 

UART (1112 SB)·· 51883 AY5-1013A 

UART (1, 2 SB)*· S1863 AY5-1013 

UART (N-Channel)· * 56850· AY3-1015 HM6402 IM64C 

UART (N-Channel) * * AY3-1015 HM6403* 8251" IM640: 

UART (CMOS)" * HM6402 IM64C 

USR/T 52350* 

ASTRO 8251 

Multi-Protocol 

Dual Baud Rate Gen. 

Single Baud Rate Gen. F4702* HD4702* 
HD6405" 

88 Key KB Encoder AY5-2376 

EA2007" 
9~ Key KB Encoder 2030* AY 5-3600 

2007" 

Character Generator 58564" 

Character Generator 

Character Generator 58499 RO 5-22405" 

Shift Register 52182/3/5 

Shift Register 

CRT Controller 8275" 

ROM 568322 8332 RO 3-9332 2332 

*Functional Equivalent 
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MOS Solid 
chnology Mostek Motorola National NEe Plessy Signetics State 

SCientific 
Synertec T.I. W.O. 

- - - MM5303* HPD369* - - - - TMS6011 TR1602 

- - - - - - 2536 - - - TR1402 

- - MC6850* - - - - - - - TR1863 

- - - - - - - - - - TR1983* 

- - - - - - - SCP1854 - - -

- - - - - - - - - - -

- - - INS1671 - - 2651* - - - UC1671 

- - - - HPD379* - 2652 - - - SD1933* 

- - - - - - - - - - BR1941L 

- - MC14411* MM5307* - - - - - - -

- - - - - - - - - - -

CS1009* - - MM5740* HPD364* MP3802* - - - TMS5001 -

MCM66700* DM8678* 2609* - - MC6570* - - - - - -

- - - - - - - - - - -

:::S1004* MK2002 MC1132* M5240 - - - - TMS4103 :::S2027* - -

MK1002* 5054* 2532* TMS3113* - - - - - - TMS3114* -

- - - - - - - - - - -

- - MC6845* DP8350* - - - - 6545* TMS9927 -

- - - - I1PD2332 - 2632 - SY2332 TMS4732 -

**Most UART's are interchangeable; consult the factory for detailed information on interchangeability. 
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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 technology 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® tech
nology. 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, Standard Microsystems developed the CLASP® process. The need 
was for fast turnaround, 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 accom
plished after all wafer manufacturing steps are performed including metal
ization and finai passiviation iayer 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 widespread industry recognition. In fact, many of the world's 
most prominent semiconductor companies have been granted patent and 
patent/ technology licenses covering various aspects of these technologies. 
The companies include Texas Instruments, IBM, General Motors, ITT and 
Western Electric. 
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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<ID and 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 functions 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 (VfAC®) 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 Micro
systems combined all these functions in the CRT 8002 Video Display 
Attributes Controller VDACM). The COPlAMOS <ID process 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 terminal. 

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 are employed. 
In addition to conventional processing equipment, we use ion implantation 
technology extensively. We also use plasma reactors for much of our etching 
and stripping operations 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-channel metal gate, N-channel silicon gate (COPLAMOS<~), high-speed 
N-channel silicon gate with depletion mode devices, and CIASP®In general, 
these processes have been engineered so that they are also compatible 
with most industry standard pr<;>cesses. .. 

One obvious advantage our total capability gives customers, is that 
they can bring 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 pro
duction 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. 

12 



SMC microcircuits are built under the 
industry's most carefully controlled conditions. 
Standard Microsystems uses the latest equipment and techniques for 
assembly - just as it does for processing. Automatic wire-bonding which 
we introduced recently to expand Standard Microsystems' capacity is a 
typical example. 

However, nothing is left to chance. To make sure every IC performs 
the way it should, each product is subjected to 37 quality control checks 
during assembly. Every run that comes out of wafer fabrication is analyzed 
to insure that all of its DC electrical characteristics are within specifications. 
Standard Microsystems' computerized analysis techniques, in fact, are 
second to none in the industry. 

Tightly-controlled QC measures include die and pre-seal inspection 
and wire-pull, among others. Assembled parts are further subjected to 
vigorous mechanical tests including centrifuge, temperature cycling, and 
hermeticity testing. 

Naturally, to perform all these tests properly requires adequate 
personnel. That's why 35% of all Standard Microsystems production tech
nicians are assigned to the Quality Control Department. 

Many tests are computer-controlled. In addition, we use dedicated 
equipment designed to simulate the customers' systems requirements. 

Thanks to the dedication of Standard Microsystems' highly-motivated 
technical staff and well-trained production personnel, Standard Micro
systems has one of the highest product yields in the industry. 
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SMC can supply standard microcircuits 
or custom-design them to your requirements. 
The product mix at Standard Microsystems is approximately half custom 
products and half standard products. 

This makes Standard Microsystems the ideal company to talk with 
if you're undecided which direction to take. 

As a matter of fact, a combination of custom and standard may 
actually be best for you. 

Since our processes are industry compatible, we can enter a program 
at any level: 1. Complete system design and definition; 2. Artwork genera
tion; 3. Wafer processing. 

If you need qUick turnaround on mask-programmable options, we 
can also combine COPLAMOS®technologywith CLASp®(which stands 
for COPLAMOS®Last Stage Programmable), to provide the solution. 

As for standard products, Standard Microsystems makes one of the 
widest lines of standard MOS/LSI circuits for data communications and 
computer peripherals in the industry. 

Standard Microsystems custom circuits have found their way into 
such industrial, computer, and aerospace applications as computer 
peripherals, modems, telecommunications, data communications, home 
entertainment, word processing, pay 1\1, and many other consumer and 
industrial uses. In fact, Standard Microsystems has created over 100 
different custom designs for the above applications. . 

. Standard or custom LSI? Bring your requirements to Standard 
Microsystems. We'll give you an unbiased recommendation as to which 
is the best route for you to take. 
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Quality Assurance 
It is well understood at Standard M icrosystems that 

for an integrated circuit to be attractive to a system 
designer, it must provide not only state-of-the-art circuit 
function, but do so with a high degree of reliability. 

The manufacture of reliable quality product is no acci
dent. Although testing is necessary to flag problems as 
soon as possible, it is an old adage that quality cannot be 
tested into a product, but must be designed in and builtin. 

The design of a reliable product is assured byadher
ence to tested and proven design rules. Before any 
change in design rules or processing steps is accepted for 
production, sample runs are exhaustively evaluated for 
both basic reliability and consistent manufacturability. 

The manufacturing flow is closely monitored byquality 
assurance to insure not only that all potential failures 
are identified and rejected, but that proper standards are 
met for the processing itself. Clean room standards, 
calibrations and work methods are all monitored. 

In addition, test and field failures are analyzed in con
juction with design and process engineering to monitor 
and correct any possible flaws in either design or 
manufactu reo 

Product flow and screening for standard devices is 
shown on the following flow charts. In addition, 
MIL-STD-883 level B screening may be done on request. 

STANDARD PROCESSING 

HERMETIC PACKAGES 

DIE ATTACH 

INCOMING WAFERS 

INSPECTION 

WAFER 
FABRICATION 

All purchased materials 
are inspected to written 
specifications. 

IN-PROCESS INSPECTION Wafers are 100% 
inspected at each major 
manufacturing step. 

DIE SEPARATION 

100% DIE INSPECTION 

Wafers are electrically 
tested for key processing 
parameters before release 
from wafer processing. 

Each die is electrically 
tested. Dice not meeting 
electrical requirements are 
inked. 

MOLDED PACKAGES 

DIE ATTACH 
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SHIP 

DIE ATTACH Random sample of 
INSPECTION packages are centrifuged 

at 30KG to test die attach 
strength. 

DIE ATTACH INSPECTION 

WIRE BOND WIRE BOND 

WIRE PULL TEST 2 wires on ellery 
part are pulled. 

WIRE PULL 
SAMPLE 

Samples are tested 
periodically for pull until 
breakage. 

PRE-SEAL INSPECTION: bond position, 
wire dress, workmanship. 

SEAL 

MARK 

BAKE 

100% TEMPERATURE CYCLE 

100% CENTRIFUGE 

100% FINE LEAK 

100% GROSS LEAK 

FINAL TEST 

O.C.AUDIT 

VISUAL INSPECTION 

PACK 

STOCK 
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SHIP 

o WIRE PULL SAMPLE 

PRE-ECAPSULATION INSPECTION, 
bond position, wire dress, 
workmanship. 

MOLD 

BAKE 

TEMPERATURE CYCLE 

LEAD FORM 

TIN DIP 

MARK 

VISUAL INSPECTION 

HIGH TEMPERATURE 
CONTINUITY 

FINAL TEST 

O.C.AUDIT 

PACK 

STOCK 



~ Data Communication Products 

) For future release 
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COM 1553A* 
ILPCFAMILY 

MIL-STO-1553A uUART" 

FEATURES 
o Support of MIL-STD-1553A 
o Operates as a: Remote Terminal Responding 

Bus Controller Initiating 
o Performs Parallel to Serial Conversion when 

Transmitting 
o Performs Serial to Parallel Conversion when 

Receiving 
o Compatible with HD-15530 Manchester Encoder/ 

Decoder 
o All Inputs and Outputs are TTL Compatible 
o Single +5 Volt Supply 
o COPLAMOS8 N Channel MOS Technology 
o Available in PC Board Form from Grumman 

Aerospace Corporation 

PIN CONFIGURATION 

"O"MSGFLG 1 40GND 
"O"WRD FLG 2 39BDCST 

IVWF 3 38 Vee 

DTAAVL 4 37AD1 
RCVINT 5 36AD2 

Tl<Tm" 6 35AD3 

CMDSYN 7 34AD4 

DTASYN· B 33 ADS 

RCVNRZ 9 : 32lmE 

!!WE 10 3107 

i>ciR 11 3008 

iA12 2905 

RCV CLK 13 2BD4 

VW14 2703 

SEND DATA 15 2BD2 

DTARQST16 25D1 

MSG COMPLT 17 2400 

TX ENA 1B 23 'fliE 
TX CLK 19 22~ 

XMITNRZ20 21iiC 

PACKAGE: 40-pin D.I.P. 

GENERAL DESCRIPTION 

SMC's COM 1553A is a special purpose N Channel 
MOS/LSI-UART designed to provide a compatible 
user interface in support of MILf:l.I.1:?_1553A, The 
COM 1553A meets the requirements of Mil-STD-
883 Method 5004.1 Level B. It operates at a 1 MHz 
clock rate over the full military temperature range 
of -55°C to +125°C, with a single +5v DC 
power supply. 
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/modefield. The last 
five bits (word-count field) are decoded de
termining th.e number of words to be received 
or transmitted. 
When receiving data-sync-the COM 1553Aperforms 
a serial to parallel conversion, buffers the 16 bit 
message word, and formats it into two parallel 

"FOR FUTURE RELEASE 

(8 bit) bytes for presentation to the I/O bus under 
processor or hard wired 10Qic control.. 

In the transmit mode the COM 1553A takes two 
parallel 8 bit data words from the I/O busand serially 
transmits the resultant 16 bit word to the Harris 
HD 15530. 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 inter
rupts to a processor or hard wired logic terminal. 
See block diagram 1. 
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The COM 1553A can be set up as either: a terminal 
or a bus controller interface. 

The COM 1553A is compatible with Harris' HD-
15530 CMOS· Manchester Encoder-Decoder chip 
and interfaces directly with it. A 3 device kit con
sistingof: SMC's COM 1553A, Harris' HD-15530 
and Circuit Technology's CT1231 forms a com
plete system interface for the message structure 
of MII.:STD-1553A. See block diagram 2. 
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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 r 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 to supply the best product possible. 
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COM1671 
jLPCFAMILY 

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 1 M BAUD 
o 8 SELECTABLE CLOCK RATES 

Accepts 1 X 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 

On Bus 
On-Line Diagnostic Capability 

o ERROR DETECTION 
Parity, Overrun and Framing 

PIN CONFIGURATION 

VBB 1 
...., 

40 Voo 
IACKI 2 39 RE 

as 3 38 CA(Iml) 
WE 4 37 BA (TSO) 

iACKO 5 36 CB <eTSl 
FiPLY 6 35 DB (1XTC) 
INTR 7 34 OO(fm) 

OAL0 8 33 R4 
DAIT 

90
32 

R3 
DAL2[ 10 31 R2 
DA[![ 11 . 30 R1 
DAL4[ 12 29 (jF(~) 
i5A[5[ 13 28 cc<mn 
DA[if[ 14 27 BB (RSI) 
0A[7[ 15 26 103 

(nTR) CD[ 16 25 iDli 
1D7[ 17 24 IDS 

(lm'm) CE[ 18 23 fm 
MiSC;[ 19 22 iI5ii 

(Vss)GNO[ 20 21 Vee 

o COPLAMOS® n-Channel Silicon 
Gate Technology 

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

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

APPLICATIONS 
Synchronous Communications 
Asynchronous Communications 
Serial/Parallel 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 controll!lr 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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DAL BUS 
CONTROL 

COMMUNICATION 
CHANNEL CONTROL 

Organization 

CLOCK 
CONTROL 

Data Access Lines - The'OAL 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 a'nd writing requests, and interrupting information. 

Receiver Buffer - This 8-bit parallel register presents assembled received characters to the OAL 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 OAL 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 OAL 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 OLE 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 OAL bus by a Write operation and holds the OLE character 
used in the Transparent mode of operation in which an idle transmit period is filled with the combination 
OLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to 
force a single OLE 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 OAL 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 OAL bus by a Write operation or read onto the OAL 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 OAL 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 OLE 
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.lfthe 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 atthe 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 OLE and SYN registers 
respectively while in the Transparent mode of operation. 
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Astro Operation 
Receiver 

The Receiver Data inputis clocked into the Receiver Register by a 1 X Receiver Clock from a modem 
Data Set, or by a local32X bit rate clock selected from one offour 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 Asynchronous 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/OLE 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 
OLE 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 
OLE Detect are set with the next non SYN or non OLE 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 OLE character. If two successive OLE characters are received only the 
first OLE 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 ClearTo Send input is 
logic O. 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 OLE register 
may be transferred prior to the information contained in the Transmitter Buffer if the Force OLE 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 OLE 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 local32X 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 tothe 
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be 
presented in the Synchronous Non-transparent mode (CR16 = 0). In the Synchronous Transmit 
Transparent mode (CR16 = 1), the idle state will be filled by DLE-SYN character transmission in that 
order. When entering the Transparent mode OLE 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 overthe 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 OAL 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 10 code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO 
then sets its RPL Y line low to acknowledge its readiness to transfer data. Bit 0 must be a logic 0 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 ControNer 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 m: 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: 

Bits 2-0 Selected Register 
000 Control Register 1 
010 Control Register 2 
100 SYN and OLE 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 OLE re·gisters. After writing into the SYN register the device is 
conditioned to write into the OLE 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 making the Transmitter Buffer empty. 

Carrier On 
Indicates'70C':::a'::-rr:"le=:r"D""e"'t=-=e"::ccti":o:::r input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Carrier Off 
Indicates C"::"ar=-=r"'ieC":"r"'O"'"e'-:te=-=cTto""r input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready On 
Indicates the Data Set Ready input goes low and the Data Terminal Ready (OTR) 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 ("C"Sj and the Interrupt 
Acknowledge Input (IACKI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving 
the IACKI 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 RPL Y 
line low. This device will place its 10 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 I/O Function 

1 V" POWER SUPPLY PS - 5 Volts 
21 Vee POWER SUPPLY PS + 5 Volts 
40 VDD POWER SUPPLY PS + 12 Volts 
20 Vss GROUND GND Ground 

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

8- DALO- DATA ACCESS LINES I/O Eight-bit bi-directional bus used for transfer of data, 
15 DAL7 control status, and address information. 

17 107 SELECT CODE Five input pins which when hard-wired assign the 
22 ID6 device a unique identification code used to select 
24 ID5 the device when addressing and used as an 
25 ID4 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 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 open 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 it is 
interrupting, otherwise it makes IACKO a low. 

5 IACKO INTERRUPT 0 This output goes low in response to a low IACKI if 
ACKNOWLEDGE OUT the ASTRO is"not the interrupting device. 

6 RPLY REPLY 0 This open drain output, to facilitate WIRE-ORing, 
goes low when the ASTRO is responding to being 
selected by an address on the 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 R1 CLOCK RATES These four inputs accept four different local 32X 
31 R2 data rate Transmit and Receive clocks. The input on 
32 R3 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 0 This output is the transmitted serial data from the 
ASTRO. This output 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 REQUEST TO SEND 0 This output is enabled by bit 1 of Control Register 1 
and remains in a low state during transmitted data 
from the ASTRO. 

36 CB CLEAR TO SEND This input, when loliv, 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 CD DATA TERMINAL 0 This output is generated by bit Oin 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 in the 
OFF condition. 

29 CF CARRIER DETECTOR I 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 1 X Data Rate Clock. 
T-IMING Its use is selected by bits 0-2 of Control Register 2. 

The transmitted data changes on the negative 
transition of this signal. . 

34 DO RECEIVER TIMING This input is the Receiver 1 X 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 0 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 Pro.gramming 

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

Control Register 1 

BIT 7 6 5 4 3 2 1 0 

SYNC/ASYNC ASYNC ASYNC !TRANS. ENABLED) ~ ASYNC SYNC/ASYNC SYNC/ASYNC SYNC/ASYNC 

o -LOOP 0- NONBREAK o - 1'1. or 2 STOP BIT o - NON ECHO MODE 0- NO PARITY ENABLED 0- RECEIVER 0- SETS !iTS 0- SETS DfR 
MODE MODE SELECTION 1 - AUTO ECHO MOOE 1 - PARITY CHECK DISABLED OUT=1 OUT=1 

1 - NORMAL 1 - BREAK MODE 1 - SINGLE STOP BIT ENABLED ON 1 - RECEIVER 1-SETSi'ii'S 1 - SETS DfR 
MODE TX SELECTION SYNC (CR12=1) RECEIVER AND ENABLED OUT=O OUT=O 

PARITY GENERATION 
~ ASYNC (TRANS. DISABLED) 0- OLE STRIPPING ENABLED ON 

NOT ENABLED TRANSM ITTER 
0- TRANSMITTER 0-!.lTSCOUT=1 1 - OLE STRIPPING 

NON TRANS· 1-~OUT=O ENABLED .ll!!£. 
PARENT MODE 

1 - TRANSMITTER SYNC (CR16=0) SYNC (CR12 = 0) o - RECEIVER PARITY 
TRANSPARENT CHECK IS DISABLED 
MODE 0- NO PARITY 0- flf18 OUT=1 1 - RECEIVER PARITY 

GENERATED 1 - I OUT=O CHECK IS ENABLED 
1 - TRANSMIT PARITY 

ENABLED 

SYNC (CR16=1) 

o - NO FORCE OLE 
1 - FORCE OLE 

BitO 
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 CR1 O. 

Bit 1 

Controls the Request to 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. 

Bit2 
A logiC 1 enables the ASTRa 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 

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

Synchronous Mode 
A logic 1 bit enables check of parity on received characters only. Note: Transmitter parity enable is 
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 
A logic 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. 

BitS 
Asynchronous Mode 

A logic 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 for a 
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 Bit 6 also a logic 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 
A logic 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 
A logic 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 
a logic 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 
A logic 0 configures the ASTRO into an Internal Data and Control Loop mode and disables the 
Ring interrupt. In this diagnostic mode the following 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. 

c. The Data Terminal Relidy (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 
pin is 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. 

A logic 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 should 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 I 0 

SYNC/ASYNC MODE SELECT SYNC/ASYNC ASYNC SYNC/ASYNC 

CHARACTER LENGTH SELECT o - ASYNCHRONOUS 0- EVEN PARITY 0- RECEIVER CLK= CLOCK SELECT 
SELECT RATE I 

00=8 BITS MODE I - DOD PARITY I - RECEIVER CLOCK 000 - IX CLOCK 
01 =7 BITS I - SYNCHRONOUS SELECT DETERMINED BY DOl - RATE I CLOCK 
10=6 BITS MODE BITS 2·0 010 - RATE 2 CLOCK 
"=SBITS OIl - RATE 3 CLOCK 

SYNC (CRIB = 0) 100 - RATE 4 CLOCK 
101 - RATE 4 CLOCK + 2 

a - NO SYN STRIP 110 - RATE 4 CLOCK + 4 
1 - SYN STRIP 111 - RATE 4 CLOCK + 8 

SYNC (CRI6=1) 

0- NO DLE·SYN STRIP 
1 - DLE·SYN STRIP 

Bits 0-2 
These bits select the Tranmit and Receive clocks. 

Bits Clock Source 
210 Tx I Rx 
000 1X Clock (Pin 35) I 1X Clock (Pin 34) 
001 Rate 1 32X clock (Pin 30) 
010 Rate 2 32X clock (Pin 31) , 
011 Rate 3 32X clock (Pin 32) , 
1 0 0 Rate 4 32X clock (Pin 33) , . 

1 0 1 Rate 4 32X clock (Pin 33) (+ 2) 'j 

110 Rate 4 32X clock (Pin 33) (+ 4) 'j 

1 1 1 Rate 4 32X clock (Pin 33) (+ 8) 'j 

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

A logic 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 tlie 1X clock selection by Bits 2-0. 

Synchronous Mode 

A logic 1 causes all DLE-SYN combination characters in the Transparent mode when OLE strip (CR14) 
is a logic 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 
A logic 1 selects odd parity and a logic 0 selects even parity, when parity is enabled by CR13 
and/ or CR15. 

BitS 
A logic 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 S 4 3 2 1 0 
• Data • Data • Carrier • Framing ·DLE • Overrun • Data • Transmitter 

Set Set Detector Error Detect Error Received Buffer 
Change Ready • Syn • Parity (DR) Empty 

(DSR) Detect Error (TBMT) 

BitO 
A logic 1 indicates 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. It is cleared when 
the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled. 

Bit 1 
A logic 1 indicates 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. 

Bit2 
A logic 1 indicates 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 bit is cleared when no Overrun conditipn is detected (the next character 
transfer time) orwhen the Receiver is disabled. 

Bit3 
When the OLE 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 OLE 
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 OLE 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 bit is cleared in both modes when 
the Receiver is disabled. 

Bit4 
Asynchronous Mode 

A logic 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. 

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

Bit6 
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 (CR1 0) is a logic 1 or the Ring Indicator is turned ON, with DTR a 
logic O. This bit is cleared when the Status Register is read onto the DAL bus. 
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Flow Chart Transmitter Operations 

Co) ... 

T"ANSMITTER SECTION IASVNCHRONOUSI 
TRANSMITTER SECTION ISYNCHRONOUSI 



Flow Chart Receiver Operations 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ................................................. OOC to + 70°C 
Storage Temperature Range ............................................... -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ................................................ +325°C 
Positive Voltage on any Pin. with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 18.0V 
Negative Voltage on any Pin, with respect to ground ....................................... -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=O°C to 70°C, Vcc= +5V ±5%, Voo= +12V ±5%, Vss=-5V ±5%, Vss= av, unless otherwise noted) 

Parameter Min Typ. Max. 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, V'L 0.8 
High Level, V'H . 2.4 
OUTPUT VOLTAGE LEVELS 
Low Level, VOL 0.4 
High Level, VOH 2.4 

INPUT LEAKAGE 
Data Bus 5.0 10.0 
All others 5.0 10.0 

POWER SUPPLY CURRENT 
Icc 80.0 
100 10.0 
Iss 1.0 

A.C. Characteristics 
CLOCK-RCP, TCP 

frequency 1.0 
DAL Bus 

TAS Address Set-Up Time 0 
TAH Address Hold Time 150 
TARL Address to RPL Y Delay 400 
Tcs CSWidth 250 

T CSRLF CS to Reply OFF Relay 0 250 

Read 
TARE Address and RE Spacing 250 
TRECSH RE and CS Overlap 20 
TRECS RE to CS Spacing 250 
TREO RE to Data Out Delay 180 

Write 
TAWE Address.!Q. WE Spacing 250 
TWECSH WE and CS Overlap 20 
TWE WE Width 200 1000 
Tos Data Set-Up Time 150 
TOH Data Hold Time 100 
TWECS WE to CS Spacing 250 

Interrupt 
Tcs, CS to IACKI Delay 0 
TCSRE CS to RE Delay 250 
TCSREH CS and RE Overlap 20 
TRECS RE to CS Spacing 250 
Tp, IACKI Pulse Width 200 

T'AO IACKI to V~ID Code Delay 250 
TREO RE OFF to DAL Open Delay 180 

T'ARL IACKI to RPL Y Delay 250 
T CSRLF CS to RPL Y OFF Delay 0 250 

T" IACKI to IACKO Delay 200 
TRE, RE OFF to IACKO OFF Delay 250 

Note 1: If HE goes low after IACKI goes low, the delay will be from the falling edge of RE. 
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Unit 

V 
V 

V 

p'a 
p'a 

ma 
ma 
ma 

MHz 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Comments 

IOL =1.6ma 
IOH= 100p.a 

0~V'N~5v 

V'N= +12v 

See Note 1. 

See Note 1.' 
RL=2.7Kn 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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 to supply the best product possible. 

:35 



COM 1863* 
COM 8018* 

J.L PC FAMIL V 

Universal Asynchronous Receiver/Transmitter 
UART 

FEATURES 
o Single +5V Power Supply 

o Direct TTL Compatibility-no interfacing circuits required 

o Full or Half Duplex Operation-can receive and transmit 
simultaneously at different baud rates 

o Fully Double Buffered-eliminates need for precise external 
timing 

o Start Bit Verification-decreases error rate 

046.875% Receiver Distortion Immunity 

o Fully Programmable-data word length; parity mode; number 
of stop bits: one, one and one-half, or two 

o High Speed Operation-40K baud, 200ns strobes 

o Master Reset- Resets all status outputs and Receiver Buffer 
Register 

o Tri-State OutputS-bUS structure oriented 

[J Low Power-minimum power requirements 

o Input Protected-eliminates handling problems 

o Ceramic or Plastic DIP Package-easy board insertion 

o Compatible with COM 2017, COM 2502, COM 8017, COM 8502 

o COM 1863 compatible with TR1863 timing 

o High accuracy 32X clock mode, 48.4375% Receiver Distortion 
Immunity 

o Compatible with COM 8116, COM 8126, COM 8136, COM 8146 
baud rate generators 

GENERAL DESCRIPTION 
The Universal Asynchronous Receiver/Transmitter is an 
MaS/LSI monolothic circuit that performs all the receiving and 
transmitting functions associated with asynchronous data 
communications. This circuit is fabricated using SMC's 
patented COPLAMOS® technology and employs depletion 
mode loads, allowing operation from a single +5V supply. The 
duplex mode, baud rate, data word length, parity mode, and 
number of stop bits are independently programmable through 
the use of external controls. There may be 5,6, 7, or 8 data 
bits, odd/even or no parity, and 1, or 2 stop bits or 1.5 stop bits 
when utilizing a 5-bit code. These programmable features 
provide the user with the ability to interface with ali 
asynchronous peripherals. The COM 1863 has no pull up 
resistors, making it microprocessor bus compatible. The 
COM 8018 has pull up resistors. 

*If pin 2 is taken to a logic 1 the COM 18630rthe COM8018wili 
operate in a 32X clock mode. If pin 2 is connected to -12V, 
GND, a valid logic zero, or left unconnected, the 32X clock 
feature is disabled, and UART will operate in a 16Xclock mode. 
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TCP 
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NPB 
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NDB2 
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PIN CONFIGURATION 

Vee TCP 
S" POE 

Gnd NDB1 
RDE NDB2 
RD8 NSB 
RD7 NPB 
RD6 CS 
ADS TD8 
RD4 TD7 
RD3 TD6 
RD2 TD5 
RD1 TD4 
APE TD3 
RFE TD2 
ROR TD1 
WE TSO 
RCP TEOC 

RDAR 'fBS 
ADA TBMT 

RSI MR 

PACKAGE: 40-Pin D.I.P. 

FUNCTIONAL BLOCK DIAGRAM 
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SWE 

TBMT 
APE 
RFE 
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MR 
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Gnd 



COM2502 
COM2017 
COM2502/H 
COM2017/H 

Universal Asynchronous Receiver/Transmitter 
UART 

FEATURES 

D Direct TTL Compatibility-no interfacing circuits 
required 

D Full or Half Duplex Operation-can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered-eliminates need for precise 
external timing 

D Start Bit Verification-decreases error rate 

D Fully Programmable- data word length, parity mode, 
number of stop bits; one, one and one-half, or two 

D High Speed Operation -40K baud, 200ns strobes 

D Master Reset- Resets all status outputs , 
D Tri-State Outputs- bus structure oriented 

D Low Power- minimum power requirements 

D Input Protected-eliminates handling problems 

D Ceramic or Plastic Dip Package-easy board insertion 

GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's P-channellow voltage oxide
nitride technology. The duplex mode, baud rate, data 
word length, parity mode, and number of stop bits are 
independently programmable through the use of exter
nal controls. There may be 5, 6, 7 or8 data bits, odd/even 
or no parity, and 1, or 2 stop bits or 1.5 stop bits when 
utilizing a 5-bit code from the COM 2017 or COM 2017/H. 
The UART can operate in either the full or half duplex 
mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 
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Pin Configuration 

Vee TCP 
Voo POE 
Gnd NOBl 
m5£ NOB2 
ROB NSB 
R07 NPB 
R06 CS 
R05 TOB 
R04 T07 
R03 T06 
R02 T05 
ROl T04 
RPE T03 
RFE T02 
ROR TOl 
WE TSO 
RCP TEOC 

ROAR TI5S' 
ROA TBMT 

RSI MR 

PACKAGE: 40-Pin D.I.P. 

Functional Block Diagram 
TOl T02 T03 T04 T05 T06 T07 TOB 

STATUS 
WORD 
BUFFER 
REGISTER 
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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 mao-g~cur simulta
neously. Once the date strobe ) 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 when it is 
through transmitting the previous character, the 
data in 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 lo.aded into the data bits buffer register 
atthis time, TBMT goes low and remains i.rthisstate 
until the present transmission is compl~ted. One 
full character time is available for loading the next 
character with no loss in speed of transmission. Th is 
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 

CONTROL 
STROBE 

16xT 
CLOCK 

ODD/EVEN 
PARITY SELECT 

If----.--- DATA STROBE 

TRANSMITTER 
BUFFER 
EMPTY 

SERIAL 
OUTPUT 

ENDOF 
CHARACTER 

DESCRIPTION OF OPERATION - RECEIVER 

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. 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 from mark (high) to space (low). If the 
RSIline remains spacing for a 1/2 bittime, a genuine 
start bit is verified. Should the line return to a mark-
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ing condition prior to a 1/2 bit time, the start bit veri
fication 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 selectlild) 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 bit is not received, due to an improperlyframed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

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. 

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 

RECEIVER BLOCK DIAGRAM 

RD8 RD7 ROO RDS RD4 ROO RD2 RD1 

CONTROL _____________ J:::::::;=::::~::~~~::::::::::::~::::l BITS FROM 
HOLDING 

REGISTER 

. SERIAL 
INPUT 

16)( R 
CLOCK 

PIN NO. 

2 

3 

4 

5-12 

13 

14 

SYMBOL 

Vcc 

Vee 

GND 

RDE 

RD8-RD1 

RPE 

RFE 

DESCRIPTION OF PIN FUNCTIONS 

NAME FUNCTION 

Power Supply +5 volt Supply 

Power Supply -12 volt Supply 

Ground Ground 

Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 

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. 

Receiver Parity This tri-state oLitput (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 

selected parity. 

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 

PIN NO. 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 

I desired receiver baud rate. 

18 ROAR 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 a high-level eachtimea full 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-level 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. 

40 



PIN NO. SYMBOL 

36 NSB 

37-38 NDB2, 
NDB1 

39 POE 

40 TCP 

TBMT 

TCP 

TDS 

DESCRIPTION OF PIN FUNCTION 

NAME FUNCTION 

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. 

Number of Data These 2 inputs are internally decoded to select either 5,6,7, 
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 

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 

Transmitter This Jnput is a clock whose frequency is 16 times (16X) the 
Clock desired transmitter baud rate. 

TRANSMITTER TIMING-8 BIT, PARITY, 2 STOP BITS 

I 
~----------~~ 

TRANSMITTER START-UP 

JLJL.fLS 
I 1116 I 

----I Bit ~ 
time 

S
M---, 

TSO L--

Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bit will be placed 
on the TSO line at the high to low transition of the Tep clock following the trailing edge of TOS. 

AS' 

CENTER BIT 
SAMPLE 

ADA' 

ADA" 

RECEIVER TlMING-8 BIT, PARITY, 2 STOP BITS 

~~;~"'''ID~T~~~~~sTOP1'sToP2IsTAAT 

--l~1/168ittime --------------------11 
·The ADA line was previously not reset (RDR = high-level). 

"The ADA line was previously reset (ADA = low-level). 

START BIT DETECT/VERIFY 

ACP 

~~B.ginVerifY 
AS' 

If the ASI line remains spacing for a 112 bit time, 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. 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ...•••.••••••••.••••••.•••••.••.•.•.•••••.•••••••.•.•• O°C to +70°C 
Storage Temperature Range .................................................... -SsoC to +1S0°C 
Lead Temperature (soldering, 10 sec.) ••.•••••..•.••••.••••••.••••.•..•••••••.•.•.••••••••• +32SoC 
Positive Voltage on any Pin, Vce •.••..••••••••.•.••••.•••••••••.•.••.•••••••.•••.•••••••••.• +0.3V 
Negative Voltage on any Pin, Vec •.•••••..•••••••.•.••••••.•..•.•••••••.•.••••.•••••••••••••• -2SV· 

'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 = +SV ±S%, Voo = -12V ±S%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Conditions 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, VIL Voo 0.8 V 
High-level, VIH Vee-1.S Vcc V 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.2 0.4 V IOL= 1.6mA 
High-level, VOH 2.4 4.0 V IOH= 100#lA 

INPUT CURRENT 
Low-level, ilL 1.6 rnA see note 4 

OUTPUT CURRENT 
Leakage,ILo -1 #lA SWE = RDE = VIH, 0:::; VOUT:::; +SV 
Short circuit, los" 10 rnA VOUT=OV 

INPUT CAPACITANCE 
All inputs, CIN S 10 pf VIN = Vce, f = 1MHz 

OUTPUT CAPACITANCE 
All outputs, COUT 10 20 pf SWE=RDE=VIH, f= 1MHz 

POWER SUPPLY CURRENT 
Icc 28 rnA All outputs = VOH. All inputs = Vee 
100 28 rnA 

A.C. CHARACTERISTICS TA=+2SoC 
CLOCK FREQUENCY 

(COM2S02, COM2017) DC 400 KHz RCp, TCP 
(COM2S02H, COM2017H) DC 640 KHz RCP, TCP 

PULSE WIDTH 
Clock 1 #IS RCp, TCP 
Master reset SOO ns MR 
Control strobe 200 ns CS 
Transmitter data strobe 200 ns "fDS" 
Receiver data available reset 200 ns RDAR 

INPUT SET-UP TIME 
Data bits 2:0 ns TD1-TD8 
Control bits 2:0 ns NPB, NSB, NDB2, NDB1, POE 

INPUT HOLD TIME 
Data bits 2:0 ns TD1-TD8 
Control bits 2:0 ns NPB, NSB, NDB2, NDB1, POE 

STROBE TO OUTPUT DELAY Load = 20pf +1 TTL input 
Receive data enable 3S0 ns RDE: TpOl, TpDO 
Status word enable 3S0 ns SWE: TpOl, Tpoo 

OUTPUT DISABLE DELAY 3S0 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 will appearon the TSO line within 
one clock period (TCP) after the trailing edge of TOS. 

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 1I16th of a bit time. 

3. The tri-state output has 3 states: 1) 10wimpedancetoVce 2~~~impedancetOGND 3)high impedanceOFFe. 
10M ohms. The "OFF" state is controlled by the SWE and inpilts. 

4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502 or COM 2502/H) 
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DATA INPUTS 
tr=tf =20 ns 
TSET-UP;:O:O 
THOLD ;:0:0 

CS 

CONTROL INPUTS 

DATA/CONTROL TIMING DIAGRAM 

VIH ~ ~ VIL 

~~~ ----TP-W-·--- f T,oco 

~:~_ f T~'~1, 

~::~3-L-----------J---£ T,~o 
"Input information (Data/Control) need onl~~esvalid during 
the last Tpw, min time of the input strobes ( , CS). 

OUTPUT TIMING DIAGRAM 

Outputs Disabled 
OUTPUTS 

(RD1-RD8, RDA, 
RPE, RFE, TBMT) 

TPD1, TPDO 

NOTE: Waveform drawings not to scale for clarity. 

RDAR 

---..... f-oI~-- 200ns ----I ,-----

VIL - - - - - - - - - -

RDA 1+---- 300ns -----+I 

43 

TMBT 
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VOL 
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FLOW CHART-TRANSMITTER FLOW CHART -RECEIVER 

1. TURN POWER ON 
2. PULSE EXTERNAL ReSET 
3. SELECT BAUD RATE-1S x eLK 

seT CONTROL BITS-PULSE OS 

EXAMINE OUTPUTS 
1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 

RESET DATA AVAILABLE - OA:: 0 

.... 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; consequently, 

~ 
complete information sufficient for construction purposes is not necessarily given. The information has been carefully checked r and is believed to be entirely reliaple. However, no responsibility is assumed for inaccuracies. Purthermore, 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 ta.make changes at any time in order to improve design and to supply the best product possible. 

, 
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COM2601 

Universal Synchronous Receiver/Transmitter 
USRT 

FEATURES 

o STR, BSC- Bi-sync and interleaved bi-sync 
modes of operation 

o Fully Programmable-data word length, parity 
mode, receiver sync character, transmitter 
sync character 

o Full or Half Duplex Operation-can receive and 
transmit simultaneously at different baud rates 

o Fully Double Buffered-eliminates need for 
precise external timing 

o Directly TTL Compatible- no interface 
components required 

o Tri-State Data Outputs- bus structure oriented 

o IBM Compatible- internally generated SCR 
and SCT signals 

o High Speed Operation-250K baud, 200ns 
strobes 

o Low Power-300mW 

o Input Protected-eliminates handling problems 

o Dip Package-easy board insertion 

APPLICATIONS 

OBi-Sync Communications 

o Cassette I/O 

o Floppy Disk I/O 

GENERAL DESCRIPTION 

The Universal Synchronous Receiver/Transmitter 
is an MOS/LSI monolithic circuit that performs all 
the receiving and transmitting functions 
associated with synchronous (STR, BSC, Bi-sync, 
and interleaved bi-sync) data communications. 
This circuit is fabricated using SMC's P-channel 
low voltage oxide-nitride technology, allowing 
all inputs and outputs to be directly TTL 
compatible. The duplex mode, baud rate, data 
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 
internally generates the sync character received 
and sync character transmitted signals. These 
programmable features provide the user with the 
abilityto interface with all synchronous peripherals. 
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PIN CONFIGURATION 

Vee POE 
TBMT CS 

TSO NDBl 
Gnd NPB 
SCT NDB2 
Vee RDl 
DBl RD2 
DB2 RD3 
DB3 RD4 
DB4 RD5 
DB5 RD6 
DB6 RD7 
DB7 ROB 
DBB ROR 

RR RDA 
RPE ROE 
SCR ROAR 
TSS RCP 
TCP RSI 
TDS RSS 

PACKAGE: 40-Pin D.I.P. 

FUNCTIONAL BLOCK DIAGRAM 
DB8 DB7 DBS OB5 DB4 DB3 DB2 DBl 

20 
TDSh-----.j 

12 11 10 9 

18 TSS 

Tep 1!J 
TBMT 

SCT r----t-+-_3'-'1 TSO 

CS 

NOBl 
NOB2 

POE 
NPB 

RR 
RCP 
SCR 
RPE 
ROR 
RDA 

ROAR 

RSIr-~~ 

ROB AD7 ROO AD5 R04 RD3 RD2 RD1 

RSS 

1 

j) ~~~ 
Gnd 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 

Vcc 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 TOS pulse occurs during 
the presently transmitted character. If TOS is not pulsed, 
the next transmitted character will be extracted from the 
transmitter sync register. 

4 GNO 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 TOS 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 
TOS is pulsed. 

6 Voo 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 RSSstrobe, into the transmitter 
sync register under control of the TSS strobe, and into the 
transmitter data buffer register under control of the TOS 
strobe. The strobes operate independently of each other. 
Unused bus inputs may be in either logic state. The LSB 
should always be placed on OB1. 

15 RR Receiver Reset This input should be pulsed to a high-level after power 
turn-on. This resets the ROA, 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). I n the search mode the serially received data bit 
stream is examined on a bit by bit basis unti I async character 
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 This output is a high-level if the received character parity 
Parity Error 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 I nput 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 ROAR Receiver Data A high-level input resets the RDA output to a low-level. 
Available Reset 

25 ROE 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 ROE. 
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 either 5,6,7, 
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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PIN NO. SYMBOL 

37 NPB 

39 CS 

40 POE 

DESCRIPTION OF PIN FUNCTIONS 

NAME 

No Parity Bit 

Control Strobe 

Odd/Even Parity 
Select 

FUNCTION 

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. 

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. 

The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the reciever and 
transmitter, as per the following table: 

NPB 
L 
L 
H 

POE 
L 
H 
X 

MODE 
odd parity 
even parity 
no parity 
X = don't care 

ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 

Transmitter 

OUTPUT TPDO TPD1 UNITS 
TBMT NA 2:0 1" 

VOH 
SCT 1.0 1.5 1" 
TSO 1.0 1.0 1" 

VOL 

TPD1 

Receiver 

OUTPUT ~ !!'.In UNITS 
Fii5A NA 1.0 1" 

ROR 2.0 2.5 1" 
VOH RPE 2.0 2.5 P' 

_V~L ___ SCR 2.0 2.5 P' 
RD1-RDB 2.5 2.5 P' 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ............................................... O°C to +70°C 
Storage Temperature Range ............................................. -55° C to +150° C 
Lead Temperature (soldering, 10 sec.) .............................................. +325°C 
Positive Voltage on any Pin, Vcc ..................................................... +0.3V 
Negative Voltage on any Pin, Vcc .................................................... -25 V 

-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 
INPUT VOLTAGE LEVELS 

Low-level, VIL 
High-level, VIH 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 
High-level, VOH 

INPUT CURRENT 
Low-level, IlL 

OUTPUT CURRENT 
Leakage,ILo 
Short circuit, los*-

INPUT CAPACITANCE 
All inputs, CIN 

OUTPUT CAPACITANCE 
All outputs, COUT 

POWER SUPPLY CURRENT 
Icc 
100 

A.C. CHARACTERISTICS 
CLOCK FREQUENCY 
PULSE WIDTH 

Clock 
Receiver reset 
Control strobe 
Transmitter data strobe 
Transmitter sync strobe 
Receiver sync strobe 
Receiver data avai lable 

reset 
INPUT SET-UP TIME 

Data bits 
Control bits 

INPUT HOLD TIME 
Data bits 
Control bits 

STROBE TO OUTPUT DELAY 
Receive data enable 

OUTPUT DISABLE DELAY 

Voo 
Vcc-1.5 

2.4 

DC 

1 
1 

200 
200 
200 
200 

200 

>0 
>0 

>0 
>0 

0.2 
4.0 

5 

10 

180 
100 

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

NOTES: 

0.8 
Vcc 

0.4 

1.6 

-1 
10 

10 

20 

28 
28 

250 

250 
250 

V 
V 

VIOL = 1.6mA 
V IOH = -100pA 

mA see note 1 

pA RDE = VIL, 0 SVOUT:5 +5V 
mA VOUT=OV 

pf VIN = Vcc, f = 1MHz 

pf ROE = VIL, f = 1MHz 

~~ l All outputs = VOH 

TA=+25°C 
KHz RCP, TCP 

ps RCP, TCP 
ps RR 
ns CS 
ns TDS 
ns TSS 
ns RSS 

ns RDAR 

ns DB1-DB8 
ns NPB, NDB2, NDB1, POE 

ns DB1-DB8 
ns NPB, NDB2, NDB1, POE 

Load = 20pf +1 TTL input 
ns RDE: TpOl, Tpoo 
ns RDE 

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 setto a high level. Full double buffer
i ng eli m inates the need for precise external ti m i ng 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 
SET SYNC CHARACTER ONTO THE DATA BUS-PULSE TSS 
SELECT BAUD RATE- TCP 

LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
DATA REGISTER 
SCT =0 
TBMT = 1 

SET SYNC CHARACTER 
ONTO DATA BUS
PULSE TSS 

LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
SYNC REGISTER 
SCT= 1 
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FLOW CHART -RECEIVER 

TURN POWER ON 
SELECT CONTROL BITS-PULSE CS 
SET RECEIVER SYNC CHARACTER ONTO OATA BUS-PULSE ASS 
PULSE RR -SETS RECEIVER INTO SEARCH MOOE, ROIl = ROR = RPE = SCR = 0 

NO 

SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 

SET THE RECEIVER INTO THE CHARACTER MOOE 
SCR=1 

LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER-ROIl = 1 
EXAMINE OUTPUTS, PULSE ROAR, RDA = 0 .. 
IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS-PULSE RSS 

YES 
SET SCR = 1 

SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 

NO 

YES 

DO THE 
CONTENTS OF THE 

RECEIVER SHIFT REGISTER 
COMPARE TO THE CONTENTS 

OF THE RECEIVER 
SYNC REGISTER 

? 

YES NO 
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USRT TIMING DIAGRAM 

TCP 
I 

n : nil Note 1 
TDS--------~~----------t_----------------~ ... I I 

TBMT ________ -, r----------------------------II I 'I '-_______ -1-'1 Note 1 '-t' 
SCT ________________________ :~_. I 

I ~------------TI------------------~r-
I I 
I I 

TSO =-I-=-' l-_-L-_1_-r _-L-J _ 1 _1_-J-_-_-_1_- r - - 1 - J-_-C _1_-.-l_ -L~ 

RCP 

RSI 

10------- Sync Character ---J4--- Data Character Data Character ---+I 

, 
_...J - i- -1- - - - - l-i- r L,_1 1 - r -,- - + 
.J -.l 1 r I_IJ - l - '- - -+ - I- -1- ____ J. -l-

i4----- Sync Character ~~, Data Character I ~I' I I Data Character ~ 

RR~~ ________________ ~ __ ~I __ +I----------~I~-'~_rI----------~I--~ 
, I I ! I 

RDAR _______________________ ~_+:--~:r---------~n~~N-o-te;~---r----------__ ~ __ : 

, I I I I 
RDA -----, I ' I I 

'L. ------------------------f-----'Ir - J Note 3 '--1._-',-, _.J I I 
I , ' 

ROR 1 : I I Ii -~ 
RPE 1L----------------------1r---+: _____________ No_t_e 3---,-,-: 1 _ ~ __________ ~ 
SCR---, II II III -I-, I I 

II-. ----------1-'1 - r Note 3 . I' I I 

RD1-B_ 

NOTE 1 
The transmitter shift register is 
loaded with the next character 
at the positive clock transition 
corresponding to the leading 
edge of the last bit of the 
current character on the TSO 
output. TBMT is set high 
approximately two microsec
onds after this clock transition. 
If it is desired that the next 
character be extracted from 
the transmitter data register 
the leading edge of the TOS 
should occur at least one 
microsecond prior to this 
clock transition. 

I , I I , 
-I [ ..1 - --, 1- -I " - - - - - - - l - -I', _, Jj _ ' _________ Jl __ 

NOTE 2 
In order to avoid an ROR 
indication the leading edge of 
the ROAR pulse should occur 
at least one microsecond prior 
to the negative clock transiticm 
corresponding to the center 
of the first bit after the last data 
bit on the RSI input. 

NOTE 3 
The ROR, RPE, SCR and R01-
ROB outputs are set to their 
correct levels approximately 
two microseconds after the 
negative clock transition 
corresponding to the center of 
the fi rst bit after the last data 
bit on the RSI input. The ROA 
output is set high at the next 
negative clock transition. 

The solid waveforms corre
spond to a control register 
setting of 5 data bits and a 
parity bit. The dashed wave
forms are for a setting of 6 data 
bits and no parity bit. 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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 to supply the best product possible. 
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COM 2651* 
jLPc FAMILY 

Programmable Communication Interface 
PCI 

FEATURES 
D Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
D 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 OLE-SYNC Insertion 
-SYNC or OLE Stripping 
- Odd, Even, or No Parity 
- Local or remote maintenance loop back mode 

D 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 'h, 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 

D Baud Rates 
- DC to 1.0M Baud (Synchronous) 
- DC to 1.0M Baud (1 X, Asynchronous) 
- DC to 62.5K Baud (16X, Asynchronous) 
- DC to 15.625K Baud (64X, Asynchronous) 

D Internal or External Baud Rate Clock 
-16 Internal Rates (50 to 19,200 Baud) 

D Double Buffering of Data 

PIN CONFIGURATION 

02 1 

03 2 

RxO 3 

GNO 4 

04 5 
05 6 
06 7 

07 8 

TxC 9 

A110 

CE 11 
A012 

R/W13 

RxROY 14 '-___ oF 

2801 

2700 

26 Vee 

25RxC 

240TR 

23RTS 

22 !5SR 
21 RESET 

20 BRCLK 

19TxO 

18 TxEMT/OSCHG 
17CTS 

16 OCO 
15 TxROY 

Package: 28-pin O.I.P. 

D Single +5 volt Power Supply 
D TTL Compatible 
D No System Clock Required 
o Compatible with 2651, INS2651 

GENERAL DESCRIPTION 

The COM 2651 is an MaS/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 COM 2651 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 

'FOR FUTURE RELEASE 
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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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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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 to supply t!le best product possible. 
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COM 5025 
/LPCFAMILY 

Multi-Protocol 
Universal Synchronous Receiver/Transmitter 

USYNR/T 

FEATURES 
o Selectable Protocol-Bit or Byte oriented 
o Direct TTL Compatibility 
o Three-state Input/Output BUS 
o Processor Compatible--8 or 16 bit 
o High Speed Operation-1.5 M Baud-typical. 

PIN CONFIGURATION 

ASI 
SFR 

RXACT 

RSA 

MSEL 

TCP 
TSO 
TXENA 

TSA 
TBMT 

TXACT 

o Fully Double Buffered-Data, Status, and Control Registers 
RXENA 

GND 
OBIS 
DB8B 

MR 
Vee 

DB/lJ 
08_1 

DBl2 

DB83 
DB84 
oBIs 
DB86 
DB87 

OPENA 
BYTEOP 

o Full or Half Duplex Operation-independent Transmitter and 
Receiver Clocks 

-individually selectable data 
length for Receiver and 
Transmitter 

o Master Reset-resets all Data, Status, and Control Registers WIR 
A2 o Maintenance Select-built-in self checking 

BIT ORIENTED PROTOCOL8-SDLC, HDLC, ADCCP 
o Automatic bit stuffing and stripping 
o Automatic frame character detection and generation 
o Valid message protection-a valid received message is 

protected from overrun 
o Residue Handling-for messages which terminate with a 

partial data byte, the number of valid 
data bits is available 

SELECTABLE OPTIONS: 
o Variable Length Oata-1 to 8 bit bytes 
o Error Checking-CRC (CRC16, CCITT -0, or CCITT-1) 

-None 
o Primary or Secondary Station Address Mode 
o All Parties Addres&-APA 
o Extendable Address Field-to any number of bytes 
o Extendable Control Field-to 2 bytes 
Oldie Mo!le--idle FLAG characters or MARK the line 
o Point to Point, Multi-drop, or Loop Configuration 

A' 
PACKAGE: 40-Pin D.I.P. 

BYTE ORIENTED PROTOCOLS-BISync, DDCMP 
o Automatic detection and generation of SYNC characters 

SELECTABLE OPTIONS: 
o Variable Length Oata-1 to 8 bit bytes 
o Variable SYNC character-5, 6, 7, or 8 bits 
o Error Checking-CRC (CRC16, CCITT -0, or CCITT-1) 

-VRC (odd/even parity) 
-None 

o Strip Syn(l-(jeletion of leading SYNC characters after 
synchronization 

Oldie Mode--idle SYNC characters or MARK the line 

APPLICATIONS 
o Intelligent Terminals o Remote Data Concentractors 
o Line Controllers o Communication Test Equipment 
o Network Processors o Computer to Computer Links 
o Front End Communications o Hard Disk Data Handler 
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General Description 

The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meefs 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 SOLC, HOLC, and AOCCP 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 OOCMP 
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 
X353, XS34/589 
202-466-2299 

2. CCITT -Consultative Committee for International 
Telephone and Telegraph 
X.25 
202-632-1007 

3. EIA-Electronic Industries Association 
TR30, RS334 
202-659-2200 

4. IBM 
General Information Brochure, GA27-3093 
Loop Interfac~EM Information, GA27-3098 
System Journal-Vol. 15, No.1, 1976; G321-0044 

Terminology 
Term Definition 

BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP 

CCP Control Character Protocols: BiSync, DDCMP 

TOB Transmitter Data Buffer 

ROB Receiver Data Buffer 

TOSR Transmitter Data Shift Register 

FLAG 01111110 

ABORT 11111111 (7 or more contiguous l's) 
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Term 

GA 

LSB 

MSB 

RDP 

TOP 

LM 

Definition 

01111111 (0 (LSB) followed by 7-1's) 

First transmitted bit, First received bit 

Last transmitted bit, Last received bit 

Receiver Data Path 

Transmitter Data Path 

Loop Mode 
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Description of Pin Functions 
Pin No. Symbol Name I/O Function 

1 Voo Power Supply PS + 12 volt Power Supply. 
2 RCP Receiver Clock The posttive-going edge of this clock shifts data into the receiver shift register. 

3 RSI Receiver Serial Input I This input accepts the serial bit input stream. 
4 SFR SynC/Flag 0 This output is set high, for 1 clock time of the 

Received RCP, each time a sync or flag character is received. 
5 RXACT Receiver Active 0 This output is asserted when the RDP presents the first data character of the 

message to the controller. In the BOP mode the first data character is the first 
non-flag character (address byte). In theCCP mode: 1. if strip-sync is set; the 
first non-sync character is 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. In the CCP mode RXACT 
is never reset, it can be cleared via RXENA. 

6 RDA Receiver Data 0 This output is set high when the RDP has assembled an entire character and 
Available transferred it into the I ROB. This output is reset by reading the ROB. 

7 RSA Receiver Status 0 This output 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 error (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 A high level input allows the processing of RSI data. A low 
level disables the RDP and resets RDA, RSA and RXACT. 

9 GND Ground GND Ground 
10 DBm8 Data Bus 1/0 Bidirectional Data Bus. 
11 DBII9 Data Bus I/O Bidirectional Data Bus. 
12 DBlm Data Bus 1/0 Bidirectional Data Bus. 
13 DBll Data Bus I/O Bidirectional Data Bus. Wire "OR" with DB00-DB07 
14 DB12 Data Bus 1/0 Bidirectional Data Bus. For 8 bit data bus 
15 DB13 Data Bus 1/0 Bidirectional Data Bus. 
16 DB14 Data Bus 1/0 Bidirectional Data Bus. 
17 OBIS Data Bus 1/0 Bidirectional Data Bus. 
18 W/R Write/Read Controls direction of data port. W/R~ 1, Write. W/R~O, Read. 
19 A2 Address 2 Address input-MSB. 
20 A1 Address 1 Address input. 
21 Am Address 0 Address input-LSB. 
22 BYTEOP Byte Operation If asserted, byte operation (data port is 8 bits wide) is 

selected. If BYTE OP~O, data port is 16 bits wide. 
23 DPENA Data Port Enable 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 D8Rl7 Data Bus I/O Bidirectional Data Bus-MSB. 
25 DBm6 Data Bus I/O Bidirectional Data Bus. 
26 DBII5 Data Bus 1/0 Bidirectional Data Bus. 
27 DBIt4 Data Bus 1/0 Bidirectional Data Bus. 
28 DB~3 Data Bus I/O Bidirectional Data Bus. 
29 D8Rl2 Data Bus I/O Bidirectional Data Bus. 
30 DBml Data Bus 1/0 Bidirectional Data Bus. 
31 DBmm Data Bus 1/0 Bidirectional Data Bus-LSB. 
32 Vee Power Supply PS + 5 volt Power Supply. 
33 MR Master Reset This input 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 'so 

34 TXACT Transmitter Active 0 This output indicates the status of the TOP. TXACTwili go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 
half clock after the byte during which TXENA is dropped. 

35 TBMT Transmitter Buffer 0 This output is at a high level when the TDB 
Empty or the TX Status and Control Register may be loaded with 

the new data. TBMT ~O on any write access to TDB or TX Status and 
Control Register. TBMT returns high when the TDSR is loaded. 

36 TSA Transmitter Status 0 TERR bit, indicating transmitter underflow. 
Available Reset by MR or assertion of TSOM. 

37 TXENA Transmitter Enable A high level input allows the processing of transmitter 
data. 

38 TSO Transmitter Serial 0 This output is the transmitted character. 
Output 

39 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 RSI is disabled and TSO~ 1. 
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,ta BUI 

OB08 

OB09 

DB10 

DBll 

B12-14 

OB15 

DB8 

DB9 

OB10 

OBll 

OB15 

B8-10 

)Bll 

)B12 

)B13 

)B14 
)B15 

313-15 

B8-1\l 

)Bll 

)B12 

Term 

RSOM 

REOM 

RAB/GA 

ROR 

A,B,C 

ERRCHK 

TSOM 

TEOM 

TXAB 

TXGA 

TERR 

X,Y,Z 

IDLE 

SEC ADD 

STRIP SYNC/LOOP 

PROTOCOL 
'APA 

TXDL 

RXDL 

EXCON 

EXADD 

Definition 

Definition of Terms 
Register Bit Assignment Chart 1 and 2 

Receiver Start of Message-read only bit. In BOP mode only, goes high when first non-flag (address byte) 
character loaded into ROB. It is cleared when the second byte is loaded into the ROB. 
Receiver End of Message-read only bit. In BOP mode only, set high when last byte of dats loaded into ROB, or 
when an ABORT character is received. It is cleared on reading of Receiver Ststus Register or dropping of RXENA. 
Received ABORt or GO AHEAD charecter, read only bit. In BOP mode only, if LM=O this bit Is set on receiving an 
ABORT character; if LM= 1 this bit is set on receiving a GO AHEAD character. This Is cleared on reeding of 
Receiver Status Register or dropping of RXENA. 
Receiver Over Run-read only bit. Set high when received data transferred into ROB 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. 
Assembled Bit Count-read only bits. In BOP mode only, examine when REOM= 1. ABC=O, message terminated 
on stated boundary. ABC=XXX, massage terminated (by FLAG or GA) on unststed boundary, binary value of ABC 
= number of valid bits available in ROB (right hand justified). . 
Error Check-read only bit. In BOP set high if 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 = 1 if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the 
message. 
Transmitter Start of Message-W/R bit. Provided TXENA-l, TSOM initiates start of message. In BOP, TSOM= 1 
generates FLAG and continues to send FLAG's until TSOM=O, then begin data. In CCP: 1.IDLE=O, trensmit out of 
SYNC register, continue until TSOM=O, then begin data. 2. IDLE= 1 transmit out of TDB. In BOP mode there is also 
a Special Space Sequence of 18-0's initiated by TSOM= 1 and TEOM= 1. SSS is followed by FLAG. 
Transmit End of Message-W/R bit. Used to terminate a message. In BOP mode, TEOM= 1 sends CRC, then 
FLAG; ifTXENA= 1 and TEOM= 1 continue to send FLAG's, ifTXENA=O and TEOM=l MARK line. In CCP: 1. 
IDLE=O, TEOM= 1 send SYNC, if TXENA= 1 and TEOM= 1 continue to send SYNC's, if TXENA=O and TEOM= 1 
MARK line. 2. IDLE= I, TEOM= 1, MARK line. 
Transmitter Abort-W/R bit. In BOP mode only, TXAB=l finish present character then: 1.IDLE=O, transmit ABORT 
2. IDLE= 1, transmit FLAG. 
Transmit Go Ahead-W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 
Allows loop termination-GA character. 
Transmitter Error-read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 
transmission. In BOP automatically transmit: 1. IDLE=O, ABORT 2. IDLE= 1, FLAG. In CCP automatically transmit: 
1.IDLE=O, SYNC 2. IDLE=l, MARK. Cleared by TSOM. 
Z Y X -W/R bits. These are the error control bits. 
o 0 0 X'6+ X12+ X5+ 1 CCITT -Initialize to "1" 
o 0 1 X'6+ X12+ X5+ 1 CCITT -Initialize to "0" 
o 1 0 Not used 
o 1 1 X'6+ X'5+ X'+ l-CRC16 
1 0 0 Odd Parity-CCP Only 
1 0 1 Even Parity-CCP Only 
1 1 0 Not Used 
1 1 1 Inhibit all error detection 
Note: Do not modify XYZ until both data paths are 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 transmission and 
underflow, "1" = transmit SYNC from TDB, "O"=transmit SYNC from SYNC/ADDRESS register. 
Secondary Address Mode-W/R bit. In BOP mode only-after FLAG looks for address match prior to activating 
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=l or EXCON=l. 
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. 
PROTOCOL-W/R bit. BOP=O, CCP= 1 
All Parties Address-W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1's will 
activate the RDP. 
Transmitter Data Length-W/R bits. 
TXDL3 TXDL2 TXDL 1 LENGTH 

o 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" 
o 1 1 Three bits per character" 
o 1 0 Two bits per character' 
o 0 1 One bit per character' 

"For data length only, notto be used for SYNC character (CCP mode). 
Receiver Data Length-W/R bits. 
RXDL3 RXDL2 RXDL 1 LENGTH 

o 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 
o 1 1 Three bits per character 
o 1 0 Two bits per character 
o 0 1 One bit per character 

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 ifSECADD =1. 
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. 

~ote: Product manufactured before 1079 may not have this feature. 59 



Register Bit Assignment Chart 1 
REGISTER DPe7 DPe6 DP;S DP84 DPfl3 DP"2 DP,,1 DPIIII 
Receiver Data 

Buffer 
RD? RD6 RD5 RD4 RD3 RD2 RD1 RD" 

(Read Only- MSB LSB 
Right Justified-
Unused Bits=O) 

Transmitter Data TO? T06 T05 TD4 T03 T02 TD1 TO~ Register 
(Read/Write- MSB LSB 

Unused Inputs=X) , 

Sync/Secondary SSA? SSA6 SSA5 SSA4 SSA3 SSA2 SSA1 SSA(6 
Address 

MSB LSB (Read/Write-
Right Justified-
Unused Inputs=X) 

Register Bit Assignment Chart 2 
REGISTER DP1S DP14 DP13 DP12 DP11 DPHf DP,9 DP;a 

Receiver Status ERRCHK C B A ROR RAB/GA REOM RSOM 
(Read Only) 

TXStatus TERR 0 0 0 TXGA TXAB TEOM TSOM 
and Control (Read Only) 
(Read/Write) 

Mode Control *APA PROTOCOL STRIP SEC ADD IDLE Z Y X 
(Read/Write) SYNC/ 

LOOP 

Data Length TXDL3 TXDL2 TXDL1 EXADD EXCON RXDL3 RXDL2 RXDL1 
Select 
(Read/Write) 

• Note: Product manufactured before 1079 may not have this feature. 

Register Address Selection 
1) BYTE OP = 0, data port 16 bits wide 

A2 A1 Aj Register 
o 0 X Receiver Status Register and Receiver Data Buffer 
o 1 X 

o X 
X 

Transmitter Status and Control Register and Transmitter Data Buffer 
Mode Control Register and SYNC/Address Register 

X = don't care 

2) BYTE OP = 1, data port 8 bits wide 
A2 A1 AfJ 
000 
o 
o 
o 

o 

1 
o 
o 

1 

o 

o 
1 

o 

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 CCP TRANSMITTI;R OPERATIQN 
(PROCESSOR LOAD OR MASTER RESET) 

1------.18 
(PROTOCOL ~ 1; XYZ ~ CRC 16) 

A 

YES 

NO 
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OataByte 

~ 

L 

TEaM = 1 

~ 

I~ 

I last Data Byte 

J 

E ~LAGH' ~ CRC~'" _I 
last". -, ~ 



AC TIMING DIAGRAMS 

TCP~ 

~ 
TBMT~ 

RCP\ '--__ 

I;o~r 
RXACT -- JC 

~nr-
RDA.RSA ~ 

DPENA I 
W/R=1 
to Transmitter '-__ 

DPENA \ 
W/R=O 
to Receiver '--__ 

Registers ~ 
300ns 

TBMT 

Registers b 
~I RDA.RSA~ 

TCP 

TSO 

RXENAJ 
=!=300 ns. min 

Resets: RDP·RDA. RSA. 
RXACT. receiver 
into search 
mode (for FLAG) 

Note: Unless otherwise specified all times are maximum. 

Data Port Timing 

READ FROM USYNR/T 

t~·~·"'·'W&x >W!& 
I .. '-------T" -.I .. -TWO"~-.-I" -T"-./ 

-----~/~----~\~-------
1'--" -..!!!!.-TD. ~-1 I.. T" I 

~~!,1S--r-r-JL~j.--r-T7';:m~ _____ )W/ a 
WRITE TO USYNR/T 
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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=O°C to 70°C, Vcc= + 5V ± 5%, Voo= + 12V ±5"10, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, VIL 0.8 V 
High Level, VIH 2.0 Vee V 
OUTPUT VOLTAGE LEVELS 
Low Level, VOL 0.4 V IOL=1.6ma 
High Level, VOH 2.4 10H=40"a 

INPUT LEAKAGE 
Data Bus 5.0 50.0 p.a Ooe;VINoe;5v, DPENA=O orW/R=1 
All others "a VIN=+5v 

INPUT CAPACITANCE 
Data Bus, CIN pf 
Address Bus, CIN pf 
Clock, CIN pf 
All other, CIN pf 

POWER SUPPLY CURRENT 
lee 70 ma 
100 90 ma 

A.C. Characteristics TA=25°C 
CLOCK-RCP, TCP 

frequency DC 1.5 MHz 
PWH 325 ns 
PWL 325 ns 
tr, tf 10 ns 

DPENA, TwoPENA 250 50"s ns 
Set-up Time, TAs 0 ns 
ByteOp, W/R 
A2,Al, Ao 
Hold Time, T AH 0 ns 
Byte Op, WIR, 
A2,Al, Ao 

DATA BUS ACCESS, TOPA 150 ns 
DATA BUS DISABLE DELAY, Topo 100 ns 
DATA BUS SET-UP TIME, TOBs 0 ns 
DATA BUS HOLD TIME, TOBH 100 ns 
MASTER RESET, MR 350 ns 
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CCP RECEIVER OPERATION 

PROTOCOL-l 
XYZ-CRC 16 

TEST MADE 
AFTER 8 elKS 

16 RXCLKS 
DELAY 

PROCESSOR MUST READ 
ERA CHK BIT BEFORE. 

NO AXENA=O 

Receiver Data 
and 

Receiver Status 
Access Sequence 

Preferred reading sequence of receiver ADA and ASA. 

YES 

EXIT 

BOP RECEIVER OPERATION 

AXENA 
=01 NO 

YES 

PROCESSOR LOAD 
OR M.R. 

TEST MADE AFTER 8 AXCLK'S 

24 AXCLK'S 
(PIPELINE DELAY) 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction p.urposes 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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COM 8004* 
f.,LPC FAMILY 

Oual32 Bit CRC SOLC Generator/Checker 
CRC-32 

FEATURES 
o SDlC 32 bit CRC 
o COM 5025 USYNRT Companion 
o Data Rate-2MHz typical 
o All Inputs and Outputs are TTL Compatible 
o Single +5 Volt Supply 
o COPlAMOS® N-Channel MOS Technology 

GENERAL DESCRIPTION 
SMC's COM 8004 is a dual 32-bit CRC generator/ 
checker for use with SDlC protocols. It is a 
companion device to SMC's COM 5025 USYNRT. 
It operates at bit rates from DC to 2.0 MHz from a 
single +5v supply and is housed in a 20 lead x 0.3 
inch DIP. All inputs and outputs are TTL compatible 
with full noise immunity. 
The COM 8004 is comprised of two independent 
halves, and each half may be operated in the check 
or generate mode. The polynominal used in 
computations is: 
X32 + X26 + X23 + X22+ X'6+ X'2+ X" + X'o+ X6+ X7 + X5+ 
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: 
X3' + X30+ X26+ X25 + X24+ X'6+ X'5+ X14+ X'2+ X" + X'o+ 
X6 + X6 + X5 + X4 + X3 + X + 1. 

Each half has a nine-bit serial data shift register. 
Data moves on the positive edge of the clock, and all 
clocked inputs are designed for zero-hold-time 
(e.g. 7474). A "clock out" pin provides gated clocks 
to the accompanying USYNRT (COM 5025). 
In the generate mode, computation is initiated upon 
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 
SDlC transmitter is then halted, and the32-bitCRC 
is passed out; ClK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros 
are automatically stripped and stuffed, and shared 
flags are supported. If the data between flags is less 
than two full bytes, the CRC is discarded and the 
serial data stream remains unaltered. 
In the check mode, computation is similarly 
initiated upon detection of a flag. Detection of a 
second flag causes the conditional setting of the 
error flag. A separate reset pin is provided for the 
error flag. No error is flagged on messages of less 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search for an 
opening flag resumed. 

'FOR FUTURE RELEASE 

SEA IN 

MR 
elKIN 

ENA 

MODE 
EFLGR 
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PIN CONFIGURATION 

MRA \..J 20 Vee 

ClKINA 2 19 EFlGRB 

ClKOUTA 3 18 EFlGB 

SERINA 4 17 MODEB 

SEROUTA 5 16 ENAB 

ENAA 6 15 SEROUTB 

MODEA 7 14 SERINB 

EFlGA 8 13 ClKOUTB 

EFlGRA 9 12 ClKINB 

GND10 11 MRB 

PACKAGE: 20 pin D.I.P. 

BLOCK DIAGRAM 
FOR ONE-HALF OF THE COM 8004 

32 BIT CAe 

FLAG! ~~g-RT DET. 

CONTROL LOGIC CLKOUT 

EFLG 

TYPICAL SYSTEM 
TSO SERIN 

COM I. TCP 'I COM CSEROUT 
L_50_25--.J:~_-,-",_-::~CLo.:.K,;;.;OU:.;.T-iL6004...:.:...--.J. elK IN 

SERIN 

elKIN 

SERIN 

elKIN 

TX 

SEROUT 



COM 8017 
COM 8502 

Universal Asynchronous Receiver/Transmitter 
UART 

FEATURES 

D Single +5V Power Supply 

D Direct TTL Compatibility- no interfacing circuits 
required 

D Full or Half Duplex Operation - can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered-eliminates need for precise 
external timing 

D Start Bit Verification-decreases error rate 

D Fully Programmable- data word length; parity mode; 
number of stop bits; one, one and one-half, or two 

D High Speed Operation-40K baud, 200ns strobes 

D Master Reset- Resets all status outputs 

D Tri-State Outputs- bus structure oriented 

D Low Power- minimum power requirements 

D Input Protected-eliminates handling problems 

D Ceramic or Plastic Dip Package-easy board insertion 

D Compatible with COM 2017, COM 2502 

D Compatible with COM 8116, COM 8126, COM 8136, 
COM 8146, COM 8046 Baud Rate Generators 

GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MaS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's patented COPLAMOS® tech
nology and employs depletion mode loads, allowing 
operation from a single +5V supply. The duplex mode, 
baud rate, data word length, parity mode, and number 
of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7 or 8 
data bits, odd/even or no parity, and 1, or 2 stop bits. In 
addition the COM 8017 will provide 1.5 stop bits when 
programmed for 5 data bits and 2 stop bits. The UART 
can operate in either the full or half duplex mode. These 
programmable features provide the user with the ability 
to interface with all asynchronous peripherals. 
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TDS 23 

NPB 35 
I\fSB 36 

NDJ!2. ~~ 
N~g~ 39 

Pin Configuration 

Vee TCP 
NC POE 

Gnd NDB1 
RliE NDB2 
RDB NSB 
RD? NPB 
RD6 CS 
RD5 TDB 
RD4 TD? 
RD3 TD6 
RD2 TD5 
RD1 TD4 
RPE TD3 
RFE TD2 
ROR TD1 
SWE TSO 
RCP TEOC 

RDAR 'i'i5l3 
RDA TBMT 

RSI MR 

PACKAGE: 40-Pin D.I.P. 

Functional Block Diagram 
TD1 TD2 TD3 TD4 TD5 TD6 TD? TDB 

CONTROL 
REGISTER 

STATUS 
WORD 
BUFFER 
REGISTER 

TSO 

TEOC 

SWE 

TBMT 
RPE 
RFE 
ROR 
RDA 

RDAR 

21 
MR 

1 
Vee 

2 NC 
3 Gnd 



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 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 when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 

commences. TSO goes low (the start bit), TEOC 
goes low, 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 loaded into the data bits buffer register 
atthis time, TBMT goes low and remainsinthisstate 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed 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 priortothe 
next data transmission. 

TRANSMITTER BLOCK DIAGRAM 

CONTROL 
STROBE 

l6x T 
CLOCK 

ODD/EVEN 
PARITY SELECT 

1t---1~-- DATA STROBE 

TRANSMITTER 
BUFFER 
EMPTY 

SERIAL 
OUTPUT 

ENDOF 
CHARACTER 

DESCRIPTION OF OPERATION-RECEIVER 

At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate isapplied 
and master reset is pulsed. Thedataavailable (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 
RSlline remains spacing for a 1/2 bittime, agenuine 
start bit is verified. Should the line return to a mark-
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ing condition prior to a 1/2 bit time, the start bit veri
fication 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 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 bit is not received, the framing error flip-flop 
is set high, indicating a framing error. 

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. 

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 

RECEIVER BLOCK DIAGRAM 

R08 RD7 RDS RDS R04 RD3 R02 R01 TRANSMITTER 
BUFFER EMPTY 

CONTROL -------l===:;::==~=~~~======F==l BITS FROM 
HOLDING 

REGISTER 

SERIAL 
INPUT 

16xR 
CLOCK 

PIN NO. 

2 

3 

4 

5-12 

13 

14 

SYMBOL 

Vcc 

NC 

GND 

ROE 

RD8-RD1 

RPE 

RFE 

DESCRIPTION OF PIN FUNCTIONS 

NAME FUNCTION 

Power Supply +5 volt Supply 

No connection No connection 

Ground Ground 

Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 

Receiver Data These are the 8 tri-state data outputs enabled by ROE. 
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. 

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. 

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 

PIN NO. 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 a high-level eachtimea full 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-level 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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PINNa. SYMBOL 

36 NSB 

37-38 NDB2, 
NDB1 

39 POE 

40 TCP 

TBMT 

TCP 

TDS 

DESCRIPTION OF PIN FUNCTION 

NAME FUNCTION 

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 two stop bits when programming a 5 data bit 
word generates 1.5 stop bits from the COM 8017. 

Number of Data These 2 inputs are internally decoded to select either 5,6,7, 
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 

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 

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 

I 
~ __________ ~r--

TRANSMITTER START-UP 

SLJL.rU 
I 1/16 I 
~ Bit I--

time 

MS ---'--J TSO L--

Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bit will be placed 
on the T50 line at the high to low transition of the Tep clock following the trailing edge of TOS. 

RSI 

RECEIVER TIMING-8 BIT, PARITY; 2 STOP BITS 

~~~""·ID~T~8}~R~~STOP1'sTOP*TART. 
CENTER BIT I 
SAMPLE --------~---L--------L-~~--~~~~71/~16~B~it~ti~m~.---
ADA· --------------------11 
RDA" .. 

·The RDA line was previously not reset (ROA = high-level). 
··The ADA line was previously reset (ROA = low-level). 

START BIT DETECTIVERIFY 

RCP 

M~BeginVerifY 
S . 

RSI 

If the RSIline remains spacing for a 1/2 bit time, 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. 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ..................................••.....•........... 0° C to + 70° C 
Storage Temperature Range .....•............•........•..........••.........•.. -55° C to +150° C 
Lead Temperature (soldering, 10 sec.) ............•.•...•...............................•.. +325° C 
Positive Voltage on any Pin, with respect to ground ................•.......•.................. +8.0V 
Negative Voltage on any Pin. with respect to ground .•...•..............•................•...• -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 :n the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system powersupplies, 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. I n 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° C to 70° C, Vcc = +5V ±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, VIL 0 0.8 V 
High-level, VIH 2.0 Vcc V 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 V 10L= 1.6mA 
High-level, VOH 2.4 V IOH = -1OOIiA 

INPUT CURRENT 
Low-level,IIL 200 IIA VIN =GND 

OUTPUT CURRENT 
Leakage, ILO ±10 IIA SWE = ROE = VIH, 0 ::; VOUT::; +5V 
Short circuit, los" 20 mA VOUT =OV 

'INPUT CAPACITANCE 
All inputs, CIN 5 10 pf 

OUTPUT CAPACITANCE 
All outputs, COUT 10 20 pf SWE=RDE=VIH 

POWER SUPPLY CURRENT 
Icc 25 mA All outputs = VOH, All inputs = Vee 

A.C. CHARACTERISTICS TA = +25°C 
CLOCK FREQUENCY 

COM8502, COM 8017 DC 640 KHz RCP, TCP 
PULSE WIDTH 

Clock 0.7 liS RCP, TCP 
Master reset 500 ns MR 
Control strobe 200 ns CS 
Transmitter data strobe 200 ns TDS 
Receiver data available reset 200 ns ROAR 

INPUT SET-UP TIME 
Data bits 2':0 ns TD1-TD8 
Control bits 2':0 ns NPB, NSB, NDB2, NDB1, POE 

INPUT HOLD TIME 
Data bits 2':0 ns TD1-TD8 
Control bits 2':0 ns NPB, NSB, NDB2, NDB1, POE 

STROBE TO OUTPUT DELAY Load = 20pf +1 TTL input 
Receive data enable 350 ns ROE: TPD1, TPDO 
Status word enable 350 ns SWE: TPD1, TPDO 

OUTPUT DISABLE DELAY 350 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 will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 

2. The start bit (mark tospace 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~w impedance to GND 3) high impedance OFF == 
10M ohms The "OFF" state is controlled by the SWE and inputs. 
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DATA INPUTS 
tr = t,=20 ns 
TSET-uP 2: 0 
THOLD 2:0 

DATA/CONTROL TIMING DIAGRAM 

CS 

CONTROL INPUTS 

~:: __ ; T~~1, 

~:;3-L ______ ----J---K T,oeo 

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

OUTPUT TIMING DIAGRAM 

OUTPUTS 
(RD1-RD8, RDA, 

RPE, RFE, TBMT) 

TPD1, TPDO 

NOTE: Waveform drawings not to scale for clarity. 

ROAR 

200ns 

VIL ----------

RDA 300ns 
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TDS 

TMBT 

VOH 
VOL 

VIH 

VOL 



FLOW CHART-TRANSMITTER FLOW CHART -RECEIVER 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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 to supply the best product possible. 
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, COM 8251)( 
JLPC FAMILY 

Universal Synchronous/Asynchronous 
Receiver/Transmitter 

FEATURES 
USART 

PIN CONFIGURATION 
o Asynchronous or Synchronous Operation 

- Asynchronous: 
5-8 Bit Characters 
Clock Rate-1, 16 or 64 X Baud Rate 
Break Character Generation 
1, 1'h or 2 Stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 

- Synchronous: 
5-8 Bit Characters 
I nternal or External Character Synch ronization 
Automatic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 

o Baud Rate-Synchronous-DC to 64K Baud 
-Asynchronous- DC to 9.6K Baud 

o Full Duplex, Double Buffered Transmitter and 
Receiver 

o Odd parity, even parity or no parity bit 
o Parity, Overrun and Framing Error Flags 
o Modem Interface Controlled by Processor 
o All Inputs and Outputs are TTL Compatible 

GENERAL DESCRIPTION 
The COM 8251A is an MaS/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 processor to 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 processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
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 
anytime. 
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D2 1 28 D1 

D3 2 27 DO 

RxD 3 26 Vee 

GND 4 25 RxC 

D4 5 24 DTR 

D5 6 23 RTS 

D6 7 22 DSR 

D7 8 21 RESET 

TxC 9 20 ClK 

WR 10 19 TxD 

CS 11 18 TxEMPTY 

C/O 12 17 CTS 

RD 13 16 SYNDET/BD 

RxRDY 14 15 TxRDY 

PACKAGE: 28-pin D.I.P. 

o Single +5 Volt Supply 
o Separate Receive and Transmit TTL Clocks 
o Enhanced version of 8251 
028 Pin Plastic or Ceramic DIP Package 
o COPLAMOS® N-Channel MaS Technology 

BLOCK DIAGRAM 

O7-DO 

TxRDY 

TxEMPTY 

TxC 

RxADY 

Ax'C 

...... ~~~gnl 
'-----' 



CR! Display 
V'.rAC~ TIMING COln'llOLLEBS 

VDAC™ DISPLAY COlfTB.OLLBBS 

(2)Also available as CRT 8002A,B,C-OOl Katakana 
CRT 8002A,B,C-003 5X7 dot matrix 

(3)May be custom mask programmed 

CHAllACTlDB. GBBBlIATOB.8 

3)May be custom mask programmed 
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CRT 5027 
CRT 5037 
CRT 5057* 

CRT Video Timer-Controller 
VTAC® 

JJ.- PC FAMILY 

FEATURES 
o Fully Programmable Display Format 

Characters per data row (1-200) 
Data rows per frame (1-64) 
Raster scans per data row (1-16) 

o Programmable Monitor Sync Format 
Raster Scans/ Frame (256-1023) 
"Front Porch" 
Sync Width 
"Back Porch" 
Interlace/ Non-I nterlace 
Vertical Blanking 

o Lock Line Input (CRT 5057) 
o Direct OutPl,lts to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync (CRT 5027, CRT 5037) 
Blanking 
Cursor coincidence 

o Programmed via: 
Processor data bus 
External PROM 
Mask Option ROM 

o Standard or Non-Standard CRT Monitor Compatible 
o Refresh Rate: 60Hz, 50Hz, ... 
o Scrolling 

Single Line 
Multi-Line 

o Cursor Position Registers 
o Character Format: 5x7, 7x9, ... 
o Programmable Vertical Data Positioning 
o Balanced Beam Current Interlace (CRT 5037) 
o Graphics Compatible 

PIN CONFIGURATION 

A2 1 '-' 40 A1 
A3 2 39 All 
cs 3 38 H0 
R3 [ 4 37 H1 
R2 [ 5 36 H2 

GNO 6 35 H3 
R1 7 34 H4 
RII [ 8 33 H5 
58 

90
32 

H6 

LLl/CSYN 10 31 H710R5 
VSYN [ 11 30 OR4 

DCC 12 . 29 OR3 
Voo 13 28 OR2 
Vee 14 27 OR1 

HSYN [ 15 26 OR0 
CRY 16 25 OBI! 

BL 17 24 OB1 
DB? 18 23 DB2 
DB6 19 22 DB3 
DB5 20 21 DB4 

PACKAGE: 40-Pin D.I.P. 

o Spilt-Screen Applications 
Horizontal 
Vertical 

o Interlace or Non-Interlace operation 
o TTL Compatibility 
o BUS Oriented 
o High Speed Operation 
o COPLAMOS' N-Channel Silicon 

Gate Technology 
o Compatible with CRT 8002 VDACTM 
o Compatible with CRT 7004 

GENERAL DESCRIPTION 
The CRT Video Timer-ControlierChip (VTAC)® is a user programmable40-pin COPLAMOS®nchannel MOS/LSI 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 data row 
counter has been designed to facilitate scrolling. . 

Programming is effected by loading seven 8 bit control registersdirectlyoffan8bitbidirectional data bus. Fourregister 
address lines and a chip select line provide complete microprocessor compatibility for program controlled set up. Thedevice 
can be "self loaded" viaan external PROM tied on the data bus as described intheOPERATION 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 perdata row. 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 
pulse, 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 onescan 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 
Inputl 

Pin No. Symbol Name Output Function 

25-18 DB~-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 A~-3 Register Register address bits for selecting one of seven control 

Address registers or either of the cursor address registers 
9 DS Data Strobe 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 HId-6 Character 0 Character counter outputs. 

Counter Outputs 
7,5,4 R1-3 Scan Counter 0 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 R¢ Scan Counter LSB 0 Least significant bit of the scan counter. In the inter-
laced mode with an even number of scans per data row, 
Rill will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, Rill will toggle 
at the data row rate. 

26-30 DR¢-4 Data Row 0 Data Row counter outputs. 
Counter Outputs 

17 BL Blank 0 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 CSYNI Composite Sync Output! Oil 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 0 Defines cursor location in data field. 
14 Vee Power Supply PS + 5 volt Power Supply 
13 Voo Power Supply PS + 12 volt Power Supply 

.16 ~~ 

-~~'2~ ______________ ~ 

39,40,1.2 

:;.::E!-------i 
14 13 

BLOCK DIAGRAM 
+12v GND 
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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 directly 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 

Horizontal Sync Delay 

Horizontal Sync Width 

Horizontal Line Count 

Skew Bits 

Vertical Formatting: 
Interlaced/Non-interlaced 

Scans/Frame 

Vertical Data Start 

Data Rows/Frame 

Last Data Row 

Scans/Data Row 

Device Initialization: 

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. 

3 bits assigned providing up to 8 character times for generation of "front porch". 

4 bits assigned providing up to 16 character times for generation of horizontal 
sync width. 

8 bits assigned providing up to 256 character times for total horizontal formatting. 

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. 

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. . 

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). 

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. 

6 bits assigned providing up to 64 data rows per frame. 

6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 

4 bits assigned providing up to 16 scan lines per data row. 

Additional Features 

Under microprocessor control-The device can be reset under system or program control by presenting a 1 01 r6 address 
on A3-(j. The device will remain reset at the top of the even field page until a start command is executed by presenting a 111!1J 
address on A3-r6. . 

Via "Self Loading"-In a non-processor environment, the self loading seguence is effected by presenting and holding the 
1111 address on A3-(6, 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 0111 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 10'11) 
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 = 0 to 255 (DBO = LSB) 
DB2 DB1 DBO 
o 0 0 20 Active Characters/Data Row 
o 0 1 32 
o 1 0 40 
o 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 (DBO = LSB) (N = 0 Disallowed) 
= N, from 1 to 15 character times (DB3 = LSB) (N = 0 Disallowed) 

Sync/Blank Delay Cursor Delay 
DB7DB8 

o 0 
1 0 
o 1 
1 1 

o 
1 
2 
2 

(Character Times) 
o 
o 
1 
2 

8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. (DBO = LSB) 
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 n.;>n-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. (DBO = LSB) 
Number of data rows = N + 1, N = 0 to 63 (DBO = LSB) 
N = Address of last dsplayed data row, N = 0 to 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 + 1 where N = programmed number of 
data rows. N = Oto 15. Scans per data row must be even counts only. 
CRT5037,CRT5057:ScansperdataRow = N +2.N = Ot014,oddoreven 
counts. 

Non-Interlace Mode 
CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1, odd or 
even count. N = 0 to 15. 

LJ 

ttttt ~ 
DB~-i><I---"-------1>1<:1 

Ail A1 A2 A3 CS os 

SMC 
CRT 5027, CRT 5037 

or CRT 5057 
VTAC@ 

HA'i--+--+ 

Figure 4. 

SELF LOADING SCHEME 
FOR VTAC® SET-UP '1 32x8PROM 

HARRIS HM-7602 
OR EQUIVALENT HA2i---t-+.; 

SlQAD cs 
(from system:) HA. _., 

'----------' 

81 

ROW SELECTS 
TDCHAAACTEA GENEAATOR 



Register Selects/Command Codes 

A3 A2 A1 Afl Select/Command Description 

0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 

0 
0 
0 

0 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 

o 0 
o 1 
1 0 

Load Control Register 0 
Load Control Register 1 
Load Control Register 2 
Load Control Register 3 
Load Control Register 4 
Load Control Register 5 
Load Control Register 6 
Processor Initiated Self Load 

Read Cursor Line Address 
Read Cursor Character Address 
Reset 

Up Scroll 

Load Cursor Character Address· 
Load Cursor Line Address· 
Start Timing Chain 

Non-Processor Self Load 

See Table 1 

Command from processor instructing 
VTAC® to enter Self Load Mode (via ex
ternal PROM) 

Resets timing chain to!Qf> left of page. Reset 
is latched on chip by OS and counters are 
held until released by start command. 
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 = O. 

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 OS for this command. 
Devic~ill begin self load via PROM 
when OS 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 OS. 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 0111 and 1000 of the R3-R0 Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 

TABLE 1 

BIT ASSIGNMENT CHART 
HORIZONTAL LINE COUNT SKEW BITS DATA ROWSIFRAME LAST DISPLAYED DATA ROW 

REG_,; I I I i I I I ~ I REG', ill 151 , i I lei RE<l6L--1 ~I ~-,-I--,-I--1.i--,I--,',-,--,~ I 
SCAN LlNESIFRAME CURSOR CHARACTER ADDRESS i ! 

I I I I ~ I REG71~ I I I I I ~ I 
MODE: INTERLACEDI H SYNC WIDTH H SYNC DELAY 
NON INTERLACEP! ' '~ ! 

REG117161 I 131 ~ I REG4171 
SCANSIDATAROW CHARACTERSIDATAROW VERTICAL DATA START • CURSOR ROW ADDRESS 

R~G21 I ~ I i I; 1 ITl! 1 REG5rl ;:;=1 ::;:::::::;=I:=r=1 =;=1 =;:I::I.:-,~ I REGSIl-.L.-L-I ~-+-I--,--,-i~I_I~01 
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AC TIMING DIAGRAMS 

FIGURE 1 VIDEO TIMING 

DOT COUNTER I 
CARRY ,L--------------------------------------------JI 

~I~--------------------PWL-----------------------~~-----PWH------~ 

H/f-7 
H SYNC. V SYNC. BLANK. 
CURSOR VIDEO. 
COMPOSITE SYNC 

DBiJ-7 
READING OUT 
OF DATA 

FIGURE 2 LOADiREAD TIMING 

Ds--------------------------------------~ 

FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 

H SYNC ____________ ..J 

r--------TDEI. 1 ---------.. •• ~ 

-- -- -- -- -- -- - -- r- -- -- --"\ 1/,-------
R0-3 

DR0-S / L ________ __ 
i---TDEC ?-

*R0-3 and DR0-5 may change prior to the falling edge of H sync 

CRT 5057 LINE LOCK 

HSYNC 

LINE o--~ I 
LOCK~/ ! I 

IN TH~~:~gLD 11.o·--------:3H-------.I I 

--------~I-------------~I.----------------VERTICAL 
SYNC 
OUT 

PROGRAM: SCANS/FRAME TO BE GREATER THAN fLiNELOC: MIN. x H 
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MAXIMUM GUARANTEED RATINGS' 
Operating Temperature Range ............................................................... O°C to + 70°C 
Storage Temperature Range ................. , ............................................. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground .................................................... + 18.0V 
Negative Voltage on any Pin, with respect to ground .................................................... -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 excee'ded 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 transient!? 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=O°C to 70°C, Vee= +5V±5%, Voo= + 12V±5%, unless otherwise noted) 

Parameter Min. Typ. 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level, VIL 
High Level, VIH Vee-1.5 

OUTPUT VOLTAGE LEVELS 
Low Level-VOL for RI1-3 
Low Level-VOL all others 
High Level-VoH for RI1-3, DB.I'l-7 2.4 
High Level-VoH all others 2.4 

INPUT CURRENT 
Low Level, IlL (Address, CS only) 
Leakage, IlL (All Inputs except Address, CS) 

INPUT CAPACITANCE 
Data Bus, CIN 10 
DS, Clock, CIN 25 
All other, CIN 10 

DATA BUS LEAKAGE in INPUT MODE 
lOB 

POWER SUPPLY CURRENT 
Icc 80 
100 40 

A.C. CHARACTERISTICS 
DOT COUNTER CARRY 

frequency 0.2 
PWH 35 
PWL 215 
tr, tf 10 

DATA STROBE 
PWDS 150ns 

ADDRESS, CHIP SELECT 
Set-uptime 125 
Hold time 50 

DATA BUS-LOADING 
Set-uptime 125 
Hold time 75 

DATA BUS-READING 
TDEL2 
TDEL4 5 

OUTPUTS: HIl-7, HS, VS, BL, CRV, 
CS-TDEL1 

OUTPUTS: Rrt-3, DR~-5 
TOEL3 * 

* Rf/J-3 and DRf/J-5 may change prior to the falling edge of H sync 

Restrictions 

Max. 

0.8 
Vee 

0.4 
0.4 

250 
10 

15 
40 
15 

10 

100 
60 

4.0 

50 

10l's 

125 
60 

125 

500 

Unit 

V 
V 

V 
V 

pA 
pA 

pF 
pF 
pF 

pA 

mA 
mA 

MHz 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 

Comments 

IOL=3.2ma 
IOL =1.6ma 
IOH =80JLa 
IOH=40JLa 

VIN =O.4V 
05VIN5Vcc 

O.4V.:: VIN .:: 5.25V 

Figure 1 
Figure 1 
Figure 1 
Figure 1 

Figure 2 

Figure 2 
Figure 2 

Figure 2 
Figure 2 

Figure 2, CL=50pF 
Figure 2, CL=50pF 

Figure 1, CL=20pf 

Figure 3, CL=20pF 

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. In interi?ced 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. 
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General Timing 
HORIZONTAL TIMING 

START OF LINE N START OF LINE N+ 1 

V~/7ZZZZ770c(:EZ%i??ZZZZZ07;uA n lzzzm 
CHARACTERS PER DATA LINE 

HORIZONTAL SYNC DELAY 
(FRONT PORCH) , 

HORIZONTAL SYNC WIDTH 

HORIZONTAL LINE COUNT=H 

VERTICAL TIMING 

START OF FRAME M OR ODD FIELD START OF FRAME Mtl OR EVEN FIELD 

I - SCAN LINES PER FRAME -I 
--.n,------"-V-L-O,-,,Z-LZ-,-Z-,--,ZZ,-,Z-,-Z-,--OL.ll-LlTlTl-'-L..LLL/-'--Z,--,ZZ,--,-Z...LZL-ZL./ZZ-LZ-,--Z,-,Z/1'-J...-jn lWZ 

I_ =:j- ACTIVE VIDEO= .1 ~ 
VE RTICAL DATA DATA ROWS PER FRAME VERTICAL SYNC 

START .. 3H 

Composite Sync Timing 
VOH 

H SYNVQl ~ rL--------1rL--------1rL--1L 
v SY~:~! I 1 ;::,! 1-1:: _______ _ 

:"""--H ----..:....--- H----""': 
VOH: L-H/2---i: 

COMPOSITE 
SYNC VOL 

Vertical Sync Timing 
--------FRAME M I I 

VERTICAL 
SYNC 

o 2 4 6 B " 2 4 6 6 

~ ~L-__ ~,~ __ ~ 
f VERTICAL DATA START SCAN = (REG 5) 

LWlllJIJlJWlWJl 

EXAMPLE BASED ON' Non-Interlaced (Reg I, Bit 7 = 0), 24 data rows. 10scans/data 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 
0 0 0 0 Load Register 0 

0 0 Load Register 6 
1 0 Start Timing Chain 

The sequence of START RESET LOAD START is necessary to 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 optional with the CRT 5037 or CRT 5057. 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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. 
S~_C res~ryes the right to make changes at any time in order to improve design and supply the best product possible. 
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CRT96364~ 
CRT96364Bi 

J.LPC FAMILY 
Preliminary Specifications 

CRT Controller 
FEATURES 
D Single + 5v power supply 
D 16 line x 64 character display 
D On chip sync oscillator 
D Complete cursor control 
D Automatic scrolling 
D Erase functions built in 
D Performs character entry during horizontal sync 
D Internal blinking cursor 
D Page linking logic built in 
D LS-TTL compatible 
D Compatible with CRT 8002, CRT 7004 

GENERAL DESCRIPTION 
The CRT 96364A/B is a CRT Controller which 
controls all of the functions associated with a 
16line x 64 character video display. Functions 
include CRT refresh, character entry, and cursor 
management. 

The CRT 96364A/B contains an internal oscillator 
which produces the composite sync output. The 
CRT 96364 B generates a 60 Hz vertical sync while 
the CRT 96364 A generates a 50 Hz vertical sync. 

BLOCK DIAGRAM 

eOP 27';.------1 

PS 3)40------1 

ADDRESS 
BUFfERS 

ADDRESS 
BUFFERS 

CRV 

~~ 

PIN CONFIGURATION 

X0 1 28 Vee 

Xl 2 27 EOP 

PS 3 26 CSYN 

A9 4 25 C2 

A8 5 24 Cl 

A7 6 23 CO 

A6 7 22 A4 

A5 8 21 A3 

DCC 9 20 A2 

DCE 10 19 Al 

RO 11 18 A0 

Rl 12 17W 

R2 13 16 DS 

GND 14 15 CRV 

PACKAGE: 28-Pin D.I.P. 

Standard functions such as ERASE PAGE, ERASE 
LINE, and ERASE TO END OF LINE make the CRT 
96364A/B easy to interface to any computer or 
microprocessor, or to use as a stand-alone 
video processor. 

The CRT 96364A/B requires only +5v power at 
less than 100 mA.lt is manufactured in COPLAMOS® 
N channel silicon gate technology. 

C2 

26 

GND Vee DeC 

,. 
DCE x. X1 CSYN 

'FOR FUTURE RELEASE 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1 Crystal in XS Pin one is the sync clock input. It may be driven directly from a TTL 
2 Crystal out X1 gate or from a para"el mode crystal connected between pins one 

and two. When a crystal is used, a 10 MlJresistor should be 
connected in para"el. 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. 

3 Page Select PS PS proviqes 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 A9-A5 Upper order memory address lines; A6-A9 determine which lines of 
Address text are being refreshed or written. A5 along with AS-A4 determine 

the character position. 

9 Character DCC Character clock input. Addresses are changed on the trailing edge 
Clock of DCC. 

10 Dot Clock DCE A logic zero from DCE is used to inhibit oscillation of the dot clock 
Enable for retrace blanking. 

11-13 Row Address R0-R2 Character Generator row addresses. Blanks are generated by forcing 
RS"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-O-O-0-O-increment text IIne-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 DS The rising edge of DS strobes the appropriate C __ C2 control word 
into the CRT 96364A1B. 

17 Write W A positive going signal which indjcates that the cl:n 96364 AI B is 
allowing a memory write. W is approximately 4 JIS, and occurs 
during H sync. Memory address lines are latched at the cursor 
address during W. 

18-22 Memory A0-A4 Lower order memory addresses. AS-A4 plus A5 (pin 8) determine the 
Address character position. 

23-25 Command C0-C2 Command inputs are strobed into the CRT 96364 AlB by DS. Functions 
Inputs are as follows: 

Function ~ C, Co 
Page erase and cursor home (top-left) 0 0 0 
Erase to end of line and return cursor (to left) 0 0 1 
Line feed (cursor down) 0 1 0 
No operation· 0 1 1 
Cursor left (one position) 1 0 0 
Erasure of cursor-line 1 0 1 
Cursor up (one position) 1 1 0 
Normal character. Write signal is generated 1 1 1 
and cursor position is incremented 
• In order to suppress non-displayed characters 

26 Composite CSYN Positive logic comp8Si;Ncrnc output. Horizontal sync is generated 
Sync during VSYNC and time. A vertical sync output may be 

generated by logica"y "ANDing" CSYN and DCE. 

27 End of Page EOP This output is used to increment an external page counter when 
using more than one page of memory. 

28 Power Supply Vee + 5 volt supply. 
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OPERATION 

The CRT 96364A1B 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 96364A1B 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 R0-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, C0 = 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 
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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." 



MAXIMUM GUARANTEED RATINGS" 
Operating Temperature Range 
Storage Temperature Range """"""" .. 
Lead Temperature (soldering, 10 sec.) .. 
Positive Voltage on any Pin. with respect to ground 
Negative Voltage on any Pin, with respect to ground 

..... ooe to + 70°C 
. . -55°C to + 150°C 

. ............... +325°e 
+7.0V 

........... -O.3V 

Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation qf 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~O'e to 70'e, Vcc= "-5V:,:5°·o. unless otherwise 

Parameter Min. Typ. Max. 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS (except DCC) 

Low-level, VIL 0.65 
High-level, V'H 2.2 

INPUT VOLTAGE LEVELS-DCC 
Low-level, V'L 0.65 
High-level, V'H 3.5 

OUTPUT VOLTAGE LEVELS (DCE Only) 
Low~level, VOL 0.4 
High-level, VOH 2.2 

OUTPUT VOLTAGE LEVELS (except DCE) 
Low-level, VOL 0.4 
High-level, VOH 2.2 

INPUT CURRENT 
Low-level,11L 10 

INPUT CAPACITANCE 
All inputs, C'N (except DCE) 5 
C'N (DCC Only) 25 

POWER SUPPLY CURRENT 
Icc 100 120 

AC CHARACTERISTICS 

PARAMETERS SYMBOL 

Frequency of control clock DCC fDce 
Crystal Frequency CRT 96364A fx 

CRT 96364B fx 
DCC pulse width tDee 

Rise and fall times t; 
t f 

Refresh memory address access time tCA 
Character memory address access time tCRO 
PS access time (read) tcps 
CRY access time tCRV 
DCE access time (high to low) t DCE 
SYNC period tps 
SYNC pulse width twp 
DCE access time (low to high level) tse 
EOP access time (high to low level) tsp 
W access time (low to high) tsw 
W pulse width tpw 
EOP pulse width tEOP 

Address to rising edge of DCE delay tAD 
Falling edge of DCE to Address delay tDA 
Row to rising edge of DCE delay tRD 
Falling edge of DCE to row delay tOR 
PS to rising edge of DCE delay Ipso 
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Unit 

V 
V 

V 
V 

V 
V 

V 
V 

p.A 

pF 
pF 

mA 

MIN. 

200 

0 

0 

0 

0 

0 

excluding DCC 
excluding DCC 

IOL =1.9 mA 
IOH=-100I'A 

IOl =0.36mA 
IOH=-100I'A 

V'N=GND 
V'N=GND 

VALUES 
TYP. 
1.6 

1.008 
1.018 

20 

200 

200 

300 

200 

100 

64 

4 

11 

1 

500 

4 
10 

MAX. 

40 

250 

250 

1000 

250 

1.5 

1000 

2.1 

1 

2.1 

1 

UNIT 

MHz 

MHz 
MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ps 

JlS 

JlS 

JlS 
ns 
ps 

ps 

JlS 
ps 

JlS 

JlS 
ps 



LINE TIMING· 

~;----f" ..J!Lf" ~ n ~ ~ ARENTHESES) -l -loa 

DCC 
(DISPLAY POSITION IN P 

DOE " 
.... f-I~ -l _I" .... r-IM 

A&-AS (2) X (3) X (4) Xn X X X (8S) (0) X (1) I 
(CHARACTER ADDReSS) 

A6-A9 (Y) (y+1) yo-
(LINE ADDRESS) 

la." r· ta.. 
CRV I \ " " 

!.ow'" ... ....ta.o ..... -I~ 

RIl,R1 
" 

-1 I--I~ .... ~t,. 
-" " 

R2 X ';. .;, I 

Im- t-
X i I I , 

-l 
i ) I 

1--'" 
PS 

-BLANK PERIO DISPLAY PERIO 

SYNC TIMING 

-I Iw• I- I~ 'I 
eSYN 

-1 r-I~ 

W 
- -, r---, 

1+-1", 

DeE 

EOJ5 

I~ 

I"" 

FRAME TIMING 

CSYN 

DeE 
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PARAMETER 
DS Pulse Width 
C0-C2 Set Up Time 
C0-C2 Holtl Time 
Minimum Strobe Period 
(Operation Execution Time) 

FUNCTION 

Page Erase & Cursor Home 
Erase to End of Line & Return Cursor 
Line Feed (Cursor Down) 
No Operation 
Cursor Left 
Erasure of Cursor Line 
Cursor Up 
Normal Character 

DATA INPUT TIMING 
Asynchronous Operation 

SYMBOL 
tpw 
teDS 
tose 

tDS 

MIN 
0.5 
1 

90 

C2 C1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

'WiII increase to 8.3 ms when text scroll occurs. See "Scrolling" for conditions. 

Synchronous Operation 

PARAMETER SYMBOL MIN 
OS Pulse Width tpw 0.5 
CO-C2 Set-Up Time tCDS 1 
CO-C2 Hold Time tDse 16 
OS Set Up Time tSDS 1 
Minimum Strobe Period tDS 
(Operation Execution Time) 

FUNCTION C2 C1 
Page Erase & Cursor Home 0 0 
Erase to End of Line & Return Cursor 0 0 
Line Feed (Cursor Down) 0 1 
No Operation 0 1 
Cursor Left 1 0 
Erasure of Cursor Line 1 0 
Cursor Up 1 1 
Normal Character 1 1 

'Willmcrease to 8.3 ms when text scroll occurs. See "Scrolling" for conditions. 

DATA INPUT TIMING 
ASYNCHRONOUS OPERATION 

Value 
TYP MAX UNIT 

ps 
/.IS 
ps 

C0 

0 132 ms 
1 4.2 ms 
0 130' ps 

1 80 ps 
0 80 ps 
1 8.3 ms 
0 80 ps 
1 130' ps 

Value 
TYP MAX UNIT 

ps 
ps 
ps 
ps 

c0 

0 132 ms 
1 4.2 ms 
0 64' ps 
1 64 ps 

0 64 ps 
1 8.3 ms 
0 64 pS 
1 64' ps 

OS 5§ ~ \; LJ C.0-C2 ___ """""*IIH __ t_pw_=_......,r-_____ y-v_------,x,------J=:-
tDSc==l 

tcos 

SYNCHRONOUS OPEHATION 

CSYN 

C.0-C2 -----J~f_--+----'~-----A------.A..------"'--
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MULTIPLE PAGE DISPLAY 
When linking two or more pages, the 
EOP and RS signals may be used to 
allow a "moving window" text display. 

4 PAGE DISPLAY 

PS (Page Select) indicates the end of 
page location. If a scroll has occurred, 
PS will show the transition from the 
end of line 15 of page P and the begin
ning of line 0 of page P + 1. 

line 14 
line 15 

line 0 
line 1 
line2 

Display Area 0 
.----+--RS 

Page P 

Page P+1 

To properly maintain the memory 
address when displaying more than 
two pages, EOP pulses low at the 
point in time when page P is scrolled 
completely off the screen. At this time, 
RS. will remain low for the entire frame 
since page P + 1 is now the only 
displayed page. 
The circuit at the right will allow 
scrolling through 4 pages of memory. 

All-----, 

Al0 

C~ A2 

A4 Al 

B4 74LS83 +s 

A3 v" 
B3 

B2 

CRT 96364A1B 

A9 

AS 

A7---~ 

A6----.......I 

AS---_-.......I 

OB 

0/\ 

v" 

GND 

27 

A4------.......I 

A3-------~ 

A2--------~ 

Al---------~ 

A0----------~ 

TYPICAL SYSTEM APPLICATION 

OATABUS 

9 ______ ~ ______ ~ 
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Clear 

Load 

DECREMENT PAGE 
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le17 
at 2N4400 



CRT 8002 
f.,LPC FAMILY 

CRT Video Display-Controller 
Video Generator 

VDACTM 
FEATURES PIN CONFIGURATION 

D On chip character generator (mask programmable) 
128 Characters (alphanumeric and graphic) 

VIDEO 1 28 RETBL 
LD/Sli 2 27 CURSOR 

7 x 11 Dot matrix block 
D On chip video shift register 

Maximum shift register frequency 
CRT 8002A 20M Hz 
CRT 8002B 15MHz 

VDC 3 26 MSII 
Alii 4 25 MS1 

A1 5 24 BLINK 
A2 6 23 V SYNC 

CRT 8002C 10MHz A3 7 22 CHABL 
Access time 400ns A4 8 21 REVID 

D On chip horizontal and vertical retrace video blanking 
D No descender circuitry required 

A5 9 20 UNDLN 
A6 10 19 STKRU 

D Four modes of operation (intermixable) 
Internal character generator (ROM) 
Wide graphics 
Thin graphics 
External inputs (fontsl dot graphics) 

D On chip attribute logic-character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Stri ke-th ru 

D Four on chip cursor modes 
Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

D Programmable character blink rate 
D Programmable cursor blink rate 

A7 11 18 ATTBE 
Va; 12 17 GND 

R2 13 16 Rfl 
R3 14 15 R1 ... _-_ .... 

D Subscriptable 
D Expandable character set 

External fonts 
Alphanumeric and graphic 
RAM. ROM, and PROM 

D On chip address buffer 
D On chip attribute buffer 
D + 5 volt operation 
D TIL compatible 
D MOS N-channel silicon-gate COPLAMOSII!> process 
D CLASPII!> technology-ROM and options 
D Compatible with CRT 5027VTACII!> 

General Description 
The SMC CRT 8002 Video Display-Controller (VDAC) The CRT 8002 attributes include: reverse video, char-
is an N-channel COPLAMOS® MOS/LSI device which acter blank, blink, underline, and strike-thru. The 
utilizes CLASP® technology, It contains a 7X11 X128 character blink-rate is mask programmable from 7.5 Hz 
character generator ROM, a wide graphics mode, a to 0.5Hz and has a duty cycle of 75/25. The underline 
thin graphics mode, an external input mode, charac- and strike-thru are similar but independently con-
ter address/data latch, field and/or character attri- trolled functions and can be mask programmed to any 
bute logic, attribute latch, four cursor modes, two number of raster lines at any position in the character 
programmable blink rates, and a high speed video block. These attributes are available in all modes. 
shift register. The CRT 8002 VDACTMis a companion 
chip to SMC's CRT 5027 VTAC. Together thes'e 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. Anyone of 
these can be mask programmed as the cursor func
tion. There is a separate cursor blink rate which can 
be mask programmed to provide a 15Hz to 1 Hz blink 
rate. 
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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:lhus, 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 mod.e 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 
PROM. 



MAXIMUM GUARANTEED RATINGS' 
Operating Temperature Range ............................................................... O°C to + 70°C 
Storage Temperature Range .............................................................. -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground .................................................... + S.OV 
Negative Voltage on any Pin, with respect to ground .................................................... -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 A= O°C to 70°C, Vcc= + 5V:!: 5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTER!STICS 
INPUT VOLTAGE LEVELS 

Low-level, VIL O.S V excluding VDC 
High-level, VIH 2.0 V excluding VDC 

INPUT VOLTAGE LEVELS-CLOCK 
Low-level, VIL O.S V 
High-level, VIH 4.3 V See Figure6 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 V IOL = 0.4 mA, 74LSXX load 
High-level, VOH 2.4 V IOH=-20pA 

INPUT CURRENT 
Leakage,lL 10 pA O~VINLVcc 

INPUT CAPACITANCE 
Data 10 pF @1MHz 
LD/SH 20 pF @1MHz 
CLOCK 25 pF @1MHz 

POWER SUPPLY CURRENT 
Icc 100 mA 

A.C. CHARACTERISTICS 

T +25°C S F 67 A= , ee Igure , 

'NARY 
' ~~0:;~\~'": -

CRT 8002A CRT 8002B CRT8002C 
r---

SYMBOL PARAMETER UNITS 
MIN. MAX. MIN. MAX. MIN. MAX. 

VDC Video Dot Clock Frequency 1.0 20 1.0 15 1.0 10 MHz 

PWH VDC-High Time 13.5 21 36 ns 

PWL VDC-Low Time 13.5 21 36 ns 

tCY LD/SH cycle time 400 533 SOO ns 

t,. tf Rise, fall time 10 10 10 ns 

tSET.UP Input set-up time :="'0 :="'0 :="'0 ns 

tHOLD Input hold time 15 15 15 ns 

tpDI . tpDO Output propagation delay 45 60 90 ns 

tl LD/SH set-up time 5 20 20 ns 

t, LD/SH hold time 5 5 
~-

5 ns 
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BLOCK DIAGRAM 

ADDRESS/DATA 
INPUTS 

CURSOR ----------1 
RETRACE BLANK 

ATTRIBUTE ENABLE 

MODE SELECT ~ 
MODE SELECT 1 

REVERSE VIDEO 

UNDERLINE 

BLlNK------1 

STRIKE THRU 

VIDEO DOT CLOCK 

ROW ADDRESS 
R0-R3 

ATTRIBUTE 
LOGIC 

LOAD/SHIFT ----~~--4-----~~~~~~-_r_l~~~~~----~~--~--~~ 
~r-:-::::--gC~U~R~S~O~R~R~A~T~E~::-J 

V,,"' -~ - LOGIC CHARACTER RATE 

VDC 

LD/SH 

VIDEO 

4.3V 

O.BV 

2.0V 

-4 'l---------~-~ "t='''--''------ O.BV 

i l 
ALL INPUTS ~~ i, ~2.OV 

(exceptVDC, LD/SH) ~'i-!~----------~-----------------+-t-"O-,,--:---!~I O.BV 

tSET . UP I 

VIDEO 
OUTPUT ---,---~x~----+-I----"x~. ______ X~- 2.4V 

- - I - '------------- O.4V 

FIGURE 7 
I_ t", ·1 

AC TIMING DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 
INPUT/ 

PIN NO. SYMBOL NAME OUTPUT FUNCTION 

1 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 dot_ (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (R ) and rows R12 to R15 are normally all zeros as Is column C7. Thus, the 
character Is defined In the box bounded by R1 to R11 and C" to C6. When a row 
of the ROM, via the attribute logic, Is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one In REVID). It is followed 
by C6, C5, through Cgj. 
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, iii parallel loaded into the shift register and the cycle 
repeats. 

2 LD/SR Load/snm I The 8 bit Shift~ster parallel-in load or serial-out shift modes are established 
by the Loadl I 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 (AfIl-A7) are latched on the negative 
transition of the Load/Shift Input. See timing diagram, figure 7. 

3 VDC Video Dot Clock I Frequency at which video is shifted. 
4-11 ArJ-A7 Address/Data I 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, 
A'A-A7 isoused 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 ArJ-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode ArJ-A2 is 
used to define the 3 line segments. 

12 Vee Power Supply PS + 5 volt power supply 
f3,14,15JEi R2,R3,R1,RII Row Address I These 4 binary inputs define the row address in the current character block. 

17 GND Ground GND Ground 
18 ATTBE Altribute Enable I A positive level on this input enables data from the Reverse Video, Character 

Blank, Underline, Strike-Thru, Blink, Mode Select Ill, and Mode Select 1 Inputs 
to be strobed into the on-Chip attribute latch at the negative transition of 
the Load/Shlii 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 Strlke-Thru I When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR'A-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 strlke-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 inputs to the shift register 
are forced high (SRfIl..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 rrumber 
or arrangement of horizontal lines In the character block. The standard under-
line will be a single line on R11. 

21 REVID Reverse Video I When this Input is low and RETBL-O, 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 I When this input is high, the parallel 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 I This input is used as the clock Input for the two on-chfp 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 + 62 for the cursor (+ 8 to + 124 for the character). 

24 BLINK Blink I When this input Is high and RETBL-O and CHABL-O, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is. 1.8?§ Hz. 

25 MS1 Mode Select 1 I These 2 inputs define the four modes of operation of the CRT .8002 as follows: 
26 MSIIl Mode Select" I 1.1...AIphanymerjc Mode-In this mode addresses ArJ-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. 
01 Thin Graphics Mode-In this mode AI/l-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 10 External Mode In tlilsmode the mputs AIJ"A7 go dlrectTyfrom "the 
26 'character latch into the shift register via the attribute logic. Thus the user 

(conI.) may define external character fonts or graphic entities in an external 
I:'ROM,. ROM or R~M, .. SeEl fl~ure ~ . 
00 Wide Graghics Mode-In this mode the inputs A0-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 Rf/l 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 
entitles. These entities can butt Lip' against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entitles occupies the space of 1 character block and thus requires 1 byte 
of memory. . 

These 4 modes can be intermixed on a per character basis. 
27 CURSOR Cursor I 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 3.75 Hz) 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 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 I When this input is latched high, the shift register parallel inputs are uncon-
ditio"'mffif'eared to all zeros and loaded into the shift register on the next 
Load/ I pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 

TABLE 1 
CURSOR RETBL REVIO CHABL UNOLN' FUNCTION 

X 1 X X X "0" S.R. All 
0 0 0 0 0 0 (~.R.)AII 
0 0 0 0 1 "1" (S.R.)· 

0 (S.R.) All others 
0 0 0 1 X "0" (S.R.)All 
0 0 1 0 0 D (S.R.)All 
0 0 1 0 1 110" (S.R.)· 

D (S.R.) All others 
0 0 1 1 X "1" (S.R.)All 

Underline' 0 0 0 X "1" (S.R.)" 
0 (S.R.) All others 

Underline' 0 0 1 X "1" (S.R.)" 
"0" (S.R.) All others 

Underline' 0 1 0 X "0" (S.R.)· 
D (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 
0 (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 
D (S.R.) All others 

Blinking"" Underline" 0 1 1 X "0" (S.R.)" Blinking 
"1" (SRi All others 

REVIOBIQck 0 0 0 0 D (S.R.)All 
REVIOBlock 0 0 0 1 "0" (S.R.)" 

D (S.R.) All others 
REVIOBlock 0 0 1 0 u1" (S.R.)All 
REVIOBlock 0 0 1 1 "0" (S.R.)" 

"1" (S.R.) All others 
REVIOBlock 0 1 0 0 0 (s.R·lAIl 
REVIOBlock 0 1 0 1 "1" (S.R .• 

0 (S.R.) All others 
REVIOBlock 0 1 1 X 110" (S.R.) All 
Blink"' REVIO B.lock 0 0 0 0 
Blink"' REVIO Block 0 0 0 1 
Blink" REVIO Block 0 0 1 X {,n,mata N.,mal Vl'so/REVlD 
Blink"' REVIO Block 0 1 0 0 At Cursor Blink Rate 
Blink" REVIO 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 
ROWS R3 R2 R1 R~ 

(ALL ZEROS)-O 0 0 0 0 0 0 0 R0 0 0 0 0 

0 
1--------------
I 0 0 0 0 0 0 0 R1 0 0 0 

0 I 0 0 0 0 0 0 0 R2 0 0 1 0 

0 I 0 0 0 0 0 0 0 R3 0 0 1 
I 

0 I 0 0 0 0 0 0 0 R4 0 1 0 0 

0 L 0 0 0 0 0 0 0 R5 0 0 1 
77 BITS I 

0 I 0 0 0 0 0 0 0 R6 0 1 0 
(7x11 ROM) 

I 0 0 I . 0 0 0 0 0 ·0 R7 0 1 1 

010 0 0 0 0 0 0 RB 0 0 0 

0 1 0 0 0 0 0 0 0 R9 1 0 0 1 
I 

o I 0 0 0 0 0 0 0 R10 1 0 1 0 

0 1 0 0 0 0 0 0 0 R11 0 1 ______ --------{O 0 0 0 0 0 0 0 R12 0 0 

o 0 0 0 0 0 0 0 R13 1 0 1 
(ALL ZEROS) o 0 0 0 0 000 R14 1 1 0 

o 0 0 0 0 0 0 0 R15 1 1 

*C7 C6 C5 C4 C3 C2 C1 C0 ~ EXTENDED ZEROS (BACK FILL) 

*COLUMN 7 IS ALL ZEROS (REVID = 0) 
FOR INTERCHARACTER SPAC-
ING (NUMBER CONTROLLED 

COLUMN 7 IS SHIFTED OUT FIRST BY LD/SH, VDC TIMING) 



FIGUREj 

5 BITS" N BITS" 

WIDE GRAPHICS MODE 
MS8=S MS1=8 

C7 C6 C5 C4 C3 C2 C1 C.1 131:11£'" 
ROW ADDRESS I I I 

0000 
3 LINES· A7 A3 

3 LINES 

3 LINES 

3 LINES 

"ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
"*CAN BE PROGRAMMED FROM 1 TO 7 BITS 

""LENGTH DETERMINED BY LD/§R', VDC TIMING 

EXAMPLE: 10010110 

~,@ 
¥~ 
~ 

~ 

FIGURE 2 

R.0' 
R1 

R2 

R3 

R4 

R5 

R6 

R7 

R13 

R14 

R15 

NOTE: Unselected raster line rows. 
are always filled with ones. 

~----------------~ 
BF=back fill 

THIN GRAPHICS MODE 
N·~BITS 

I 
MS8=S MS1 =1 C7 C6 C5 C4 C3 C2 C1 C% BF BF ••• 

IxlxlxJx 
X=DON'T CARE 

-

t--

x I A2 I A1 I AS 

ROW 0000 

PROGRAMMABLE 
ROW 

THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 

.. LENGTH DETERMINED BY LD/S'R, vee TIMING 

FIGURE 3 
EXTERNAL MODE 

MSfI=1 MS1 =It 

R.II" 
R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R1% 

R11 i77-:"7"77..yh""7:-:-;;~ 
R12 LL.L..I.'-'-"-'<+4"'"'-"-';";"'<~, ~ 
R13 1 I 

R14 :! 
R15 LJ L_L __ _ 

NOTE: WhenA1 ="1", the underline 
row/rows are deleted. 
When A 1 = "0", the underline, 
if selected, will appear. 

BF=backfill 

C7 C6 CS C4 C3 C2 C1 C0 BF BF 

RS·- R1S Asl A41 A31 A21 A1 1 AfJI A71 A71·· ·1 

BF=backfill 
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FIGURE 4 TYPICAL VIDEO OUTPUT 

VDC 

r--l ISDorI9DoT'1 'BOOr' ISDor' LD/SH ------.J 1 ______________ ---'!.fLEh~ .ft§b.I2..L..1 ____________ -'!.f~b.Q.L-Lr!§b.I2..L_ 

VIDEO DATA 
8 DOT FIELD 

VIDEO DATA 
9 DOT FIELD 

NOTE: C.y 

XTAL 

x = character number 
y=column number 

74160 
DOT CARRY 

COUNTER 
(+N) 

CP 
I CHARACTER CLOCK 

s;r-;-
7404 ~~ BI-DIRECTIONAL DATA BUS 8 

VIDEO DOT- ADDRESS BUS 4 
CLOCK 

PAGE CHIP SELECT 
LOGIC 

DATA STROBE 

8 CHARACTER COLUMN 

6 CHARACTER ROW 

n CHARACTER 
DATA BUS ADDRESS 

BUS 

MICRO- ADDRESS BUS 
PROCESSOR SELECTOR 

CONTROL BUS WITH ASCII 7 

~ OPTIONAL 
MEMORY 

! t DATA MAPPING BUS 
CIRCUIT ATIRIBUTES 

(IF REQUIRED) 

JJ. ADDRESS VIDEO DOT 
CLOCK 

'-- "2-PORT RAM 
1Kx8 TO 4Kx8 I DATA 

f------o. 
CHARACTER 

OUT 
TIMING 

FRAME FROM 
IDAT; BUFFER DOT COUNTER 

OR 

BF=back fill 

DCC H SYNC 
HORIZ.SYNC 

DBS-7 V SYNC 
VERT. SYNC 

COMPOSITE AII-3 C SYNC SYNC 
VTAC BLANKING CS CRT 5027 BL 

DS ~ 
HII-7 

DRS-5 

RII-3 CRV r-- 0 

F 
c: 
lJ 

RASTER en 
0 

SCAN lJ 
COUNTER ." 

-~ 
VDAC RETRACE 

CRT 8002 BLANKING 

SERIAL 
OUTPUT 

CRT 5027 VTAC 
CRT 8002 VDAC ~.~ .t IN "OR 1 PORT RAM CHARACTER /lP CONFIGURATION WITH BI-DIRECT CLOCK 

I RAM & ROM 
(FOR~P) 

FIGURE 6 

cp EXTERNAL ---~ 

PORT 

,...---------VDC (to chip) 

500n 

r--.-----~-~CLK 

74S74 

LOAD/SHIFT EXTERNAL------i D 

Q~----LD/SH (to chip) 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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 to supply the best product possible. 
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Underline 

CRT 8002-001 
-- (KATAKANA) 
CODING INFORMATION 

CRT Video Display-Controller 
Video Generator VDACTM 

WIDE GRAPHICS MODE 

R8' 
RI 

:: H~--f+-f-!+-1-'H~~ 
R4 

:: rT+~H~~~~~-6 
R7 

:: ~~~~~~+~~~ 

R14 NOTE: Unselected raster line rows 
are always filled with ones. 

RIS '-________ -' 

BF=backfill 

ATTRIBUTES 

THIN GRAPHICS MODE 

RfI 
RI 
R2 

R3 

R' 
R5 

R6 

R7 ' 

R8 

R. 
R'''' 

C7 C6 C5 C4 C3 C2 C1 c~ BF SF ••. 
----, 

! 
! 

I 
i 

R11 NOTE 

R12 LL.CL...CL...C+-4L=:L...H 
R'3 
R14 

R15 LJ __ J 
NOTE: WhenA1 ="1", the underline 

row/rows are deleted. 
When A1 = "0", the underline, 
if selected, will appear. 

BF=back fill 

Blink Rate 
Underline will be a single horizontal line at row Rll The character blink rate will be 1.875 Hz 
Cursor Strlke-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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CRT 8002-003 
(5X7 ASC~I) 

CODING INFORMATION 

·CRT Video Display-Controller 
Video GeneratorVDACTM 

Underline 

WIDE GRAPHICS MODE 

A0 

Al 

A2 
A3 ~~-+H~~~ 

A4 

A5 I-+H>+~T-4~~ 
AS 

A7 

AB 
AS 

Note: R11-R1Sare 
R12 always filled with ones. 

A13 

A14 

A15 

Underline will be a single horizontal line at R8 
Cursor 

ATTRIBUTES 

Cursor will be a blinking reverse video block, blinking at 3.75 Hz 
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THIN GRAPHICS MODE 

Ai 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

C7C6C5C4C3C2Cl CGtBF 

AB~~:% 
A9 

Al0 

All 

A12 

A13 

A14 

A1S 

Blink Rate 
The character blink rate·is 1.875 Hz 
Strlke-Thru 
The strike-thru will be a single horizontal line at R4 



CRT 7004 
J,LPC FAMILY 

Dot Matrix Character Generator 
128 Characters of 7 x 11 Bits 

FEATURES 
D On chip character generator (mask programmable) 

128 Characters 
7 x 11 Dot matrix block 

D On chip video shift register 

PIN CONFIGURATION 

Maximum shift register frequency 
CRT 7004A 20M Hz 
CRT 70048 15MHz 
CRT 7004C 10MHz 
Access time 400ns 

D No descender circuitry required 
D On chip cursor 
D On chip character address buffer 
D On chip line address buffer 
D Single + 5 volt power supply 
D TTL compatible 
D MaS N-channel silicon-gate COPLAMOS@ process 
D CLASP@technology-ROM 

NC 1 24 GND 

SO 2 

Vee 3 22 NC 

LS 4 21 CLK 

PRST 5 20 CUR 

L1 6 19 AS 

CLR 7 18 LCI 

L2 8 17 A7 

L4 9 16 A6 

L8 10 15 A5 

A1 11 14 A4 

A212 13 A3 

D Compatible with CRT 5027 VTAC@ PACKAGE: 24-Pin D.I.P. 

D 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 
characters ina 7 x 11 dot matrix. The 
CRT 7004 is an enhanced, pin for pin 
compatible, version of SMC's CG5004L-1. 
It is fabricated using SMC's patented 
COPLAMOS@ and CLASp@ technologies 
and employs depletion mode loads, 
allowing operation from a single + 5v 
supply. This process permits reduction of 
turn-around time for ROM patterns. 
The CRT 7004 is a companion chip to 
SMC's CRT 5027 VTAC@. Together these 
two chips comprise the circuitry required 
forthe display portion of a CRT video 
terminal. 

Address 
Strobe 

Character 
Address 

Lower Case 
inhibit 

Cursor 

Line Address 

~~r:~~ ______ ..., 
CIOCk-----......r~~-__;;;~~;;;;_--1 

Preset--_------------' 

Clear---------------' 

104 

Senal 
Output 



MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ","""',"',"""""""""""""',""""""", ..... O·C to + 70·C 
Storage Temperature Range ...... , ... , ...... , ............ " ... " ............. , .' .... , , . , .. - 55·C to + 150·C 
Lead Temperature (soldering, 10 sec.) , , , . , ....... , , . , ............. , , , ..... , .... , ................... ,+325·C 
Positive Voltage on any Pin, with respect to ground .................... ,., ....... , .. "., .......... ,.... + S.OV 
Negative Voltage on any Pin, with respect to ground ..... , .. , ....... , .. , .... , ........... " ...... , ....... -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=O°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'l O.S V excluding VDC 
High-level. V'H 2.0 V excluding VDC 

INPUT VOLTAGE LEVELS-CLOCK 
Low-level. V'l O.S V 
High-level. V'H 4.3 V See AC Timing Diagram 

OUTPUT VOLTAGE LEVELS 
Low-level. VOL 0.4 V IOl =0.4 mAo 74LSXX load 
High-level. VOH 2.4 V IOH=-20pA 

INPUT CURRENT 
leakage.ll 100 pA O:!E.V'N:!E.VCC' lS. AS. A1-A7 

10 pA O:!E.V'N:!E.VCC. All others 
INPUT CAPACITANCE 

Data 10 pF @1MHz 
PE 20 pF @1MHz 
CLOCK 25 pF @1MHz .. 

POWER SUPPLY CURRENT 
Icc 100 mA 

A.C. CHARACTERISTICS 

TA = +25°C ,........ 

S Notice, Thi. . N ~I ome P.ramO/rid1,:::,: • fina, .pe~RY 
! s are SUbjec; ;gs~hoai; 

CRT 7004A CRT 7004B CRT 7004C 
. -...!O, 

SYMBOL PARAMETER UNITS 
MIN. MAX. MIN. MAX. MIN. MAX. 

ClK Video Dot Clock Frequency 1.0 20 1.0 15 1.0 10 MHz 

PWH VDC - High Time 13.5 21 36 ns 

PWl VDC - low Time 13.5 21 36 ns 

tcyAS Address strobe to PE high 400 533 SOO ns 

tcylS Line strobe to PE high 1.0 1.0 1.0 p's 

tro tf Rise. fall time 10 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 

LSpw Line strobe pulse width 50 50 50 ns 

tSET.UP Input set-up time :"0 :"0 :"0 ns 

tHOlD Input hold time 15 15 15 ns 

tPd ,. tpdo Output propagation delay 45 60 90 ns 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 
1 NC No Connection 
2 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. 

3 Vee Power Supply + 5 volt supply 
4 LS Line Strobe A positive pulse on this input enters data from the L 1, 

L2, L4, L81ines into the line address holding register. 
The LS input may be left open, in which case it is pulled 
up to Vee by an internal resistor. Data on the L 1 to L8 
inputs is then entered directly into the register without 
any latching action. 

5 PRST Preset 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, Line Address A binary number N, on these four inputs address the Nth 
L4,L8 line olthe character font for N = 1-11. If lines 0, 12, 13, 

14 or 15 are addressed, the parallel inputs to the shift 
register are all forced low. 

7 CLR Clear A high level on this input forces the last stage of the shift 
register and the serial output to a logic 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 LCI are high. 

19 AS Address Strobe A positive pulse on this input enters data from the A 1-A 7, 
LCI and CUR inputs into the holding register. The AS 
input may be left open, in which case it is pulled up to 
Vee 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 CLK Clock Frequency at which video (SO) is shifted. 
22 NC No Connection 
23 PE 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 GND Ground Ground 

4.3v 
ClK 

'~"~ ~'f--, O.Bv 

PE I:':, / // I 2.0v 

/// ~, ,.~I----------------------------if ff---------f-'''' - 0.8v 

I::, I r.----ASrw~ V ~ I i ~I------ O.Bv 

2.0v 
AS 

---fll 

A1-A7.CUR. 
lCI 

i '/i2Ov 
'-'-~'_.L'_.L..LL..LL..LL..LL:..4..04--1 ~L.L..L..",~L.L..L..",'_L..~~ t+- --l ,"OCO I- 0.8v 

SOIVideo) 
i X '"'~. 

1-_ ---'~,-__J·I 
tpDO 

AC TIMING DIAGRAM 
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XTAL 

t5.~ 74160 
DOT 

I~ COUNTER 

7404 ~~ (+N) CHARACTER CLOCK HORIZ.SYNC 
CP DCC H SYNC 

BI-DIRECTIONAL DATA BUS 8 
VERT. SYNC 

DB0-7 V SYNC 
VIDEO DOT- ADDRESS BUS 4 

COMPOSITE CLOCK A9-3 C SYNC 
SYNC 

PAGE CHIP SELECT VTAC BLANKING 
LOGIC CS CRT 5027 BL 

DATA STROBE 
DS 

o ~ 
8 CHARACTER COLUMN 

H9-7 

6 CHARACTER ROW 
DR9-5 

==n 
CHARACTER R9-3 CRY I-- " DATA BUS ADDRESS r c 

" BUS RASTER (J> 
0 

MICRO- ADDRESS BUS SCAN " PROCESSOR SELECTOR COUNTER ." 

WITH ASCII 7 .-
CONTROL BUS 

,. 
:= OPTIONAL 1- CO 

I MEMORY DATA 
MAPPING BUS 

RETRACE V SYNC CIRCUIT CRT 7004 (FROM 5027) (IF REQUIRED) BLANKING 
SET .--

Q .il. ADDRESS VIDEO DOT SERIAL 

INTERRUPT CLOCK OUTPUT 
TO ~P - '2-PORT RAM (TO UPDATE 1Kx8T04Kx8 ~ 

0 DATA IN RAM) CHARACTER TIMING 
RESET FRAME OUT FROM 

BUFFER DOT COUNTER CRT 5027 VTAC 
OR CRT 7004 VDAC 

V 
IN 'OR 1 PORT RAM CHARACTER ,uP CONFIGURATION 

WITH BI-DIRECT CLOCK 

l RAM & ROM \A.--
r~ 

PORT 
(FOR ~P) 

'CONSUL T FACTORY FOR CUSTOM FONT AND CURSOR OPTION. 
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1 2 3 4 5 6 7 118 2/1 

CLOCK 

PE 

PRESET _________________ ----' ~----~~~-----------

CLEAR ________________________ ----' 

SO VIDEO 
7 DOT FI ELI;> _"'--" ........ ......,.'-"'--"'--"'-"""-""-'''--'''--'''''-"''--'><.-'''--'''-'''--' 

SOVIOEO 
8 DOT FIELD 

BF= Back Fill 

TYPICAL VIDEO OUTPUT 

Vee ....---------CLK (to chip) 

SOOn 

CP EXTERNAL --......, r--.-----4~~CLK 01-----'--- PE (to chip) 

74S74 

LOAD/SHIFT EXTERNAL---""'" D 

NOTE 
The differences between the CRT 7004 and CGS004L-1 are detailed below: 

CGS004L·1 CRT 7004 
1. If both the Preset and Clear inputs are 

brought high simultaneously the Serial 
Output is disabled and may be wire-ORed. 

2. AllinputsV1H = Vee -1.Sv 

. 3.S0 VOL = O.4v @ IOL = 0.2mA 
4. Shift Register is static 
S. Clear-directly forces the output low; when 

released, the output is determined by the 
st~te of the shift register output. 

S.General TimingDifferences-See Timing 
Diagram . 
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1. Clear overrides Preset, no output disable is 
possible. 

2. All inputs (except CLK) V1H = 2.0v, min. 
CLKV,H = 4.3v, min. 

3. SO VOL = 0.4v@ IOL = 0.4mA 74LSXX load 
4. Shift Register is dynamic 
S. Clear directly forces the output tow and will 

be latched (for a character time) by PE. 

6. General Timing Differences-See Timing 
Diagram 



"-Printer 
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4100 Series 

CG4103 
Preliminary Specifications 

CHARACTER GENERATOR 
2240-Bit Programmable (ROM) 64 Characters of 5 x 7 Bits 

FEATURES 
o Static Operation, no clocks required. 
o 2240-Bit Capacity, fully decoded· 
o 64 Characters of 35 Bits (5 x 7) 
o Column by Column Output-Column 

Scan 
o TTL Compatible 
o Wired "OR" Capability for memory 

expansion 
o Power Supplies: + 14v, -14v or + 12v, 

-12v, or +5v, -12v 
o Eliminates need for + 12v power supply 
o Single mask custom programming 

APPLICATIONS 
o Matrix Printers 
o Vertical Scan Alphanumeric Displays 
o Billboard and Stock Market Displays 
o Strip Printer 
o LED Matrix Arrays 

PIN CONFIGURATION 

0,1 

NC 2 

023 

NC 4. 

03 5 

NC 6 

04 7 

NC 8 

059 

NC 10 

06 11 

NC 12 
07 13 

Voo 14 'L-___ .r-

NC = No Connection 

28 Chip Enable (Al) 

27 A, 

26 A2 

25 A3 

24 A4 

23 As 

22 C5 

21 C4 

20 Ca 

19 C2 

18 C, 

17 Vss 
16 A6 
15 VGG 

BLOCK DIAGRAM 

en 
13 A, 
a: 
o A2 
~ a: Aa 
w t> A4 

~ As 

~ A6 

CHARACTER 
ADDRESS 
DECODE 

() MSB'---,---..... 

ROM 
MEMORY 
MATRIX 

(2240 Bits) 
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COLUMN 
SELECT 

LEFT RIGHT 

OUTPUT 
BUFFERS 

C, C2 C3 C4 C5 CE (Al) 
CHIP ENABLE 
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General Description 

The CG4100 Series MOS Read Only Memories (ROMs) are designed specifically for dot-matrix character generation 
where column by column output data is desired. Each ROM contains 2240 bits of programmable storage, organized as 64 
characters, each having 5 columns of 7 bits. 

The output word appears as a 5 word sequence on each of the output lines. Sequence is controlled by the 5 Column 
Select lines. By strobing the first select line, the first group of 7 bits (first column) is obtained at the output. By sequentially 
strobing Cl through Cs the font of the addressed character would be displayed. The character address may remain fixed 
while the column select changes. 

Since only 6 address bits are required in order to decode the 64 stored characters, the seventh bit (A7) may be used as a 
chip enable. The chip enable (CE) in conjunction with the single ended open drain output buffers allow for memory 
expansion through wired "OR" connection. 

The CG41 00 Series contains an USASCII character font. Custom memory patterns are provided through the use of 
customer provided encoding sheets, tapes, or card decks. 

MAXIMUM GUARANTEED RATINGS' 

Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 25°C to + 85°C 
Storage Temperalure Range ............................................... -55°C to + 150°C 
Voltage on any Pin, with respect to Vss ...................................... +0.3V to -30V 

'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. 

RECOMMENDED OPERATING CONDITIONS (-25°C",TA'" +85°C) 

Parameter Symbol Min. Typ. Max_ Unit 

Suppy Voltage Vss 0.0 V 
Supply Voltage Voo -12.0 -14.0 -16.0 V 
Supply Voltage VGG -24.0 -28.0 -29.0 V 
Input Voltage, logic "0" V,H Vss-1.5 Vss V 

Logic "0" = most positive level 

Input Voltage, logic "I" V,L Voo Vss-11 V 
Logic "I" = most negative ,level 

Note: The design of the CG4100 permits a broad range of operation that allows the user to take advantage of readily 
available power supplies; e.g. +5V, -12V. See "Operational Interface-To/From TTL logic" diagram. 

ELECTRICAL CHARACTERISTICS (Vss= + 14v, VGG= -14v, Voo=Ground, TA=25°C, unless otherwise noted) 

Parameter Symbol Min. Typ. Max. Units Comments 

Output Blank Current lOB 10 /La Voo applied to output 
see Note 1. 

Output Dot Current 100 2.5 ma Voo applied to output 
see Note 1. 

Input Leakage Current liN 10 /La VIN=OV 
Output Voltage Vo 2.0 V 10=0.5ma 

5.0 V 10=2.0ma 
Address Access Time tAA 1200 ns 
Column Select Access Time tCA 600 ns 
Chip Enable Access Time tCE 400 ns 
Power Dissipation 400 mw Output unconnected 

Note 1: An output dot is defined as the ON state of the MOS outputtransmitter. An output blank is defined as the OFF state. 
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Description of Pin Functions 

Pin No, Symbol 

1,3,5,7 0',02,03, O. 
9,11,13 05,06,07 

14 Voo 
15 VGG 
16 A6 
17 Vss 

18-22 C,-CS 
23-27 As-AI 

28 CE(A7) 

ADDRESS ACCESS TIMING 
Vss----""\ 

Address \ 
Input 

Voo--_J 

tAA}: 
Output 

_____ -' +1.5V 
Gnd . 

VOD 

Only one of the five Column Select inputs is at logic "1." 
Chip Enable input is at logic "1." 

COLUMN SELECT ACCESS TIMING 

50% 

tCAf 
I ____ -' +1.5V 

Gnd_ . 

Name 

Outputs 

VOD 

VGG 
Address 
Vss 
Column Select 
Address 
Chip Enable 

Function 

7 Data Outputs 

Usually connected to Ground 
Negative power supply: -14v or -12v 
Bit 6 of the character address 
Positive power supply: + 14v or + 12v or +5v 
Column Select inputs 
Bits 1 through 5 of the character address 
Chip Enable for memory expansion 

CHIP ENABLE ACCESS TIMING 
Vss 
Chip Enable 50% 
Input 
Voo 

t~f "~ Output 

Gnd 

+1.5V 

Only one of the five Column Select inputs is a logic "1." 
Address inputs are set in a dc state. 

AC TEST CIRCUIT 

All Column Select inputs are at logic "0" except one under test. 
Address inputs are set in a dc state. 

t, = tf < 50 ns for all timing diagram forcing functions. 
All output waveforms are measured at the output of the 
7400 TTL gate. Chip Enable input is at logic" 1." 

OPTIONAL INTERFACE TO/FROM TTL LOGIC 

+5V 

+14V 

-12V 
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INTERFACE TO TTL LOGIC 
+14V -14V 

R' 

R' 

R' 

R' 

'The value of R depends on 
System Speed and Power 
Requirements. 

Mask-programmable 
- lOOK n on - chip resistors 
are available. 



OUTPUT AND ..... --1 

COLUMN 
SELECT !~ 

ASSIGNMENTS 

T~I 
H"" 

AI 

II A2 
A3 
A4 
AS 
A6 

AIOI A2 0 
A3 0 
A4 0 
AS I 
A6 0 

;~ :1 A4 I . 

AS 0 
A6 I 

AIOI A2 I 
A3 0 
A4 I 
AS 1 
A6 1 

AI 

!I A2 
A3 
A4 
AS 
A6 

AI 

111 A2 
A3 
A4 
AS 
A6 

AI 

11 A2 
A3 
A4 
AS 
A6 

AI I 
A2 I 
A3 0 
A4 0 
AS 0 
A6 I 

AI I 
A2 I 
A3 I 
A4 I 
AS 0 
A6 I 

I 

I 

:~ il A4 I 
AS I 
A6 I 

AI 

II A2 

'3 
A4 
AS 
A6 

AI 0 

I A2 0 
A3 I 
A4 I 
A. I 
A6 I 

AI 
A2 
A3 
A4 
AS 

A' I 

AlII A2 I 
A3 0 
A4 0 
AS I 
A6 0 

:HI A4 I 
AS I 
A6 0 

AlII A2 
A3 
A4 
AS 
A6 I 

AI 0 

1.1 A2 I 
A3 0 
A4 0 
AS 0 
A' 0 

AIOI A2 0 
A3 I 
AA 0 
AS I 
A6 0 

;~!I 
A4 I 
AS I 
A6 0 

AIOI A2 0 
A3 I 
A4 I 
AS 0 
A6 I 

AI 

11 A2 
A3 
A4 
AS 
A' 

AI I [I] A2 
A3 
.4 
AS 0 
A' 0 

AI 

11 A2 
A3 
A4 
A. 
A6 

AI 

II A2 
A3 
A4 
AS 

A' 

AI 

II A2 
A3 
A4 
AS 
A6 

AI 

II A2 
A3 
A4 
AS 
A6 

fl ~nl g\1 
lUI inl tI 
AlII A2 0 
A3 I 
A4 1 . 

AS I 

A' I 

AIOI A2 I 
A3 I 
A4 I 
A. I 

A' 1 

AI '.1 A2 I 
A3 I 
A4 I 
AS I 
A6 1 

Pin-for-Pin Equivalent for: TM5 4103 MK2002 58499. 
Circuit diagrams utilizing SMC products are included as a means of Illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not necessarily given. The information has been carefuliy 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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SR5015-XXX 
SR S015-80 
SR 5015-81 
SR50tS-133 

Quad Static Shift Register 

FEATURES 
o COPLAMOS® N Channel Silicon Gate 

Technology 
o Variable Length-Single Mask 

Programmable-1 to 134 bits 
o Directly TTL-compatible on all inputs, 

outputs, and clock 
o Clear function 
o Operation guaranteed from DC to 1.0 MHz 
o Recirculate logic on-chip 
o Single +5.0V power supply 
o Low clock input capacitance 
o 16 pin ceramic DIP Package 
o Pin for Pin replacement for AMI S2182, 83, 85 

APPLICATIONS 
o Memory Buffering 
o Unique B,uffering Lengths 
o Terminals 

BLOCK DIAGRAM 

OUTPUT A OUTPUT C 

REC CONTROL ABC>-~.-t..-I 

INPUT A >--+---f 

PIN CONFIGURATION 

INPUT A 1 "--...116 OUTPUT A 

RECASC 2 15 RID 

CLEAR I 3 14 OUTPUT 0 

INPUTS I 4 13 ) INPUT 0 

OUTPUTS,I 5 12 ~ RECD 

GNDI 6 11 NC 

Vee I 7 10 INPUTC 

OUTPUTC( 8 9 
. 

CLOCK 

'---1---< INPUTC 

1----< RECIRC.INPUT 0 

'-.1---1..--<. REC. CONTROL 0 

INPUT B INPUT 0 

CLOCK CLEAR 
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General Description 

The SMC SR S01S-XXX is a quad static shift register family fabricated using SMC's COPLAMOS<II> N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The 
COPLAMOS<II> process provides high speed operation, low power dissipation, low clock input capacitance, and single +S volt 
power supply operation. 

These shift registers can be driven by either T2L circuits or by MOS circuits and provide driving capability to MOS or T2L 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR S01S-80, SR S01S-81, and SR S01S-133 are respectively 80,81, and 
133 bit quad shift registers. 

The recirculate control pin is common for registers A, B, and C. Register 0 has an independent recirculate control pin as 
well as a recirculate input pin. 

A clear pin has been provided that will cause the shift register to be cleared when the pin is at Vee. A single T2L clock is 
required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
~ low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 

recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 and 133 are available for flag storage. 

This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 

Special custom configurations are achieved via single mask programming in lengths of 1 to 134 bits. 

MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ................................................................ O°C to + 70°C 
Storage Temperature Range ............................................................... - SsoC to + 1S0°C 
Lead Temperature (soldering, 10 sec.) ............................................................... + 32SoC 
Positive Voltage on any Pin, with respectto ground ...................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground ..................................................... -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=O°C to 70°C, Vee= :l'SV±S%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, VIL 0.8 V 
High Level, VIH Vee-1.S Vee V 

OUTPUT VOLTAGE LEVELS 
Low Level, VOL 0.4 V IOL=1.6ma 
High Level, VOH Vee-1.S 4.0 V IOH=100!La 

INPUT LEAKAGE CURRENT 1.0 !La VIN=Vee 
CLOCK, CLEAR 2S pI 
All Other 10 pI 

POWER SUPI;'L Y CURRENT' 80 ma 

A.C. Charact!!ristlcs TA=+2SoC 
CLOCK 

PWH "·300 ns 
PWL 600 ns 
TranSition, tr, tf 0.02 1.0 !LS 
Repetition Rate, 1 IT 0 1.0 MHz 
tOelay 300 ns 

INPUT DATA 
to, set-up 100 ns 
to, hold 200 ns 
PWo 300 ns 

OUTPUT DATA 
to,ACC 200 3S0 ns 

RECIRCULATE CONTROL 
tR, set-up 200 ns 
tR, hold 300 ns 
PWR SOO ns 

CLEAR 
PWeLEAR 20 !LS 
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Pin No. Symbol 

A 

2 RECABC 

3 CLR 

4 B 
5 Oe 
6 GND 
7 Vee 
8 Oc 
9 CLK 

10 C 
11 NC 
12 RECD 

13 D 
14 00 
15 RID 

16 OA 

TIMING DIAGRAMS 

T 

Clock 
I ' 

~I 
PWD 

to, set-up 0:r1- to, hold 

Input Data -----~ 

Output Data 

Recirculate 
Control 

to ACC 

1/---""-" 

~ 
tR set-up 1-J::Lj-- tR hold 

PWR 

I· PWclear 

Clear~'" 

Description of Pin Functions 

Name 

Input A 

Recirculate ABC 

Clear 

Input B 
OutputB 
GND 
+5 Volt 
OutputC 
Clock Input 

InputC 
NC 
Recirculate 
Control D 

InputD 
Output D 
Recirculate 
InputD 
Output A 

Function 

Input signal which is either high or low depending on what 
word is to be loaded into shift register. 
Input signal when high disconnects inputs from registers 
and connects outputs to inputs, thus recirculating 
data. Recirculates only A, B, C outputs. 
Input signal when high forces outputs to a low state 
immediately and clears all the registers. 
Inpu't signal for B register. 
Output signal for B register. 
Power supply Ground. 
5 volt power supply. 
Output signal for C register. 
Input signal which is normally low and pulses high to 
shift data into the registers. The data is clocked in on 
low to high edge of clock. 
Input signal for C register. 

Input signal which is normally low and, when goes high, 
disconnects Input D to register and connects 
Recirculate Input D to register. 
Input signal for D register. 
Output signal for D register. 
Input ~nal which is the input to the D register 
when. Recirculate Control D is high: RECD=1. 
Output signal for A register. 
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APPLICATIONS 
Line Buffer for CRT Display ... 80 Characters per line. 

ar 
SR5015·80 

D, 

f-..J I 

D, vldl''''' 
J I 

D, 

-I r-
~,~ D. 

PAGE J ~ MEMORY 
SMC so SerIal Data Output 

CG5004L-1 To MOnitor Electronics 
D, WA'~ 

..... 1-1 r- ~ 
D, 

.... W t-~ 
0, 

1-1 CURf Ll L2 L"., La 

CURSOR 
D, 

MEMORY ~ 

ctK 
SA501S-80 

I--
RECIRCULATE DECODER t- r 

A 8 a ° 
~ SCAN J COUNTER 

End of Lt. C'oc' 
Line Buffer for Matrix Printer ... 132 Characters per line. 

eLK 

-. SR5015-133 

D, 

~ 
D, 

1-1 
D, CHARACTER 

1-1 GENERATOR ~"~.-D, 
ROM(s) 

Solenoid Drivers 

1-1 SMC CG4100 
SERIES 

INTERFACE 
OR 

~~ 
MEMORY D, 

1-1 
D, 

--t 
D, 

--t 
D, 

-I End of line 

J, SR5015-133 
elK 

REC L-< From System Timing 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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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SR 5017 
SR 5018 

Quad Static Shift Right/Shift Left Shift Register 

FEATURES 

Last In First Out Buffer 
LIFO 

o COMPLAMOS® N-Channel Silicon 
Gate Technology. 

PIN CONFIGURATION 

o Quad81 bit or Quad 133 bit 
o Directly Compatible with PL, MOS 
o Operation Guaranteed from DC to 

1.0MHz 
o Recirculate logic on-chip 
o Single +5.0V power supply 
o Low clock input capacitance 
o Single phase clock at PL levels 
o Clear function 
o 16-pin Ceramic DIP Package 

APPLICATIONS 
OBi-Directional Printer 
o Computers-Push Down 

Stack-LIFO 
o Buffer data storage-memory buffer 
o Delay lines-delay line processing 
o Digital filtering 

INPUTD 1 \...../16 ) RECD 

RID 2 15 GND 

OUTPUTD 3 14 OUTPUTC 

CLEAR 4 13 INPUTC 

OUTPUT A 5 12 INPUTS 

LlRCON 6 11 OUTPUTS 

INPUTA 7 1t> RECASC 

CLOCK 8 9 VCC 

o Telemetry Systems 
o Terminals 
o Peripheral Equipment 

BLOCK DIAGRAM 
OUTPUT A 

REC CONTROL ABC '>-..... .-L.J 

INPUT A >-+---L~ 

INPUT B >----i 

OUTPUTC 

1----< INPUTC 

1----:::... RECIRC. INPUTD 

'-.J-..o..--c REC. CONTROL 0 

'-J---C INPUTO 

URCONTROL r-------.... T--;j~2!i~~ 

CLOCK CLEAR 
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General Description 

The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81 (SR 5018) bit static shift registers utilizing SMC's 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single +5 volt power supply. 

These shift registers can be driven by either T2L circuits or by MOS circuits and provide driving capability to MOS to T2L 
circuits. 

This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (L/R Control) control input is common to all 
registers. 

The recirculate control input is common for registers A, B, and C. Register D has an independent recirculate control input 
as well as a Recirculate Input. 

A Clear input has been provided that will cause the shift register to be cleared when the input is at Vee. A single T2L clock 
input is required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 or 133 are available for flag storage. 

MAXIMUM GUARANTEED RATINGS' 
Operating Temperature Range ............................................................... O°C to + 70°C 
Storage Temperature Range ............................................................... -55°Cto +150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ..................................................... +8.0V 
Negative Voltage on any Pin, with respectto ground .................................................... -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=O°C to 70°C, Vee= +5V ±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

LowLevel, VIL 0.8 V 
High Level, VIH Veo-1.5 Vee V 

OUTPUT VOLTAGE LEVELS 
Low Level, VOl. 0.4 V IOL=1.6ma 
High Level, VOH Vco-1.5 4.0 V IOH=100".a 

INPUT LEAKAGE CURRENT 1.0 ".a VIN=Vee 
CLOCK, CLEAR 25 pf 
All Other 10 pf 

POWER SUPPLY CURRENT 100 ma 

A.C. Characteristics TA=+25°C 
CLOCK 

PWH 300 ns 
PWL 600 ns 
Transition, tr, If 0.02 1.0 I£S 
Repetition Rate, 1fT 0 1.0 MHz 
t Delay 500 ns 

INPUT DATA 
to, set-up 150 ns 
to, hold 150 ns 
PWo 300 ns 

OUTPUT DA.TA 
to,ACC 200 350 ns 

RECIRCULATE CONTROL 
tR, set-up 200 ns 
tR, hold 300 ns 
PWR 500 ns 

CLEAR 
PWeLEAR 20 ".s 
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Symbol 

0 
RID 

00 
ClR 

OA 
L/RCON 

A 

ClK 

Vcc 
RECABC 

Oe 
B 
C 
Oc 
GNO 
RECO 

Clock 

Timing Diagram 

I ' 

~I 
PWD 

to, set-up ~ to, hold 

Input Data --------/ 

(~.Ac·1 
/;-----

Output Data _______ ---;_~. 

~ Recirculate 
Control 

Shift Left/Shift Right 
Control 

tR set· up 1-t::LJ- tR hold 

PWR 

R-----

I· 
PWclear .1 

Clear~"-

Name 

Input 0 
Recirculate 
Input 0 
Output 0 
Clear 

Output A 
Shift left/Shift 
Right Control 
Input A 

Clock Input 

5 Volt 
Recirculate 
ABC 

OutputB 
InputB 
InputC 
OutputC 
GNO 
Recirculate 
Control 0 

Description of Pin Functions 

Pin Function 

Input signal for 0 register. 
2 Input signal which is the input to the 0 register when recirculate 

control 0 is high: RECO = 1. 
3 Output signal for 0 register. 
4 Input signal when high forces outputs to a low state immediately 

and clears all the registers. 
5 Output signal for A register. 
6 Input signal which is low for loading data and for shifting right. 

When L/R CON is high, the register will shift left. 
7 Input signal which is either high or low depending on what word 

is to be loaded into shift register. 
S Input signal which is normally low and pulses high to shift data 

into the registers. The data is clocked in on low to high 
edge of clock. 

9 5 volt power supply. 
10 Input signal when high disconnects inputs from registers and 

connects outputs to inputs, thus recirculating data. Recirculates 
only A, B, C outputs. 

11 Output signal for B register. 
12 Input signal for B register. 
13 Input signal for C register. 
14 Output signal for C register. 
15 Ground. 
16 Input signal which is normally low and, when goes high, 

disconnects Input 0 to register and connects RECIRCULATE 
INPUT 0 to register. 

120 



EC 
BC>---4~.r-' 

Logic Diagram 

~N~----------~~"'I 

APPLICATION 

Line Buffer for Bidirectional Matrix Printer ... 80/132 characters per line 

ClK 

i'_SA S017/SR 5018 

0, 
I 

r-t 
0, 

...a 

=> 
0, CHARACTER 

GENERATOR --.t 

d. 
ROMls\ 

L SMC CG4100 
INTERFACE ... i---.I I SERIES 

OR 

:ur MEMORY 
05 

~I--f 
06 

r---1 I 
07 

I 
t-I--f 

d. 

.......... End afUne 

,.J"~R 5.017/SR 5018 

ClK 

REC DATA ENTRY 
AND LOOP CONTROL From System Timing 

-LI'Frco;:; LOGIC 

To Print Head 

Solenoid Drivers 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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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_ Baud Bate Generator 
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" versions utilize an external frequency input 
only. Dual Baud Rate Generators provide two out-

-except as noted 

put frequencies simultaneously for full duplex 
communication. 
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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COM 5016 
cOM5016T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input XTALlEXT1 1 
o Choice of 2 x 16 output frequencies +5v 2 o 16 asynchronous/ synchronous baud rates 

fR 3 
o Direct UART/USRTI ASTRal USYN RT 

compatibility 
o Full duplex communication capability 
o TIL, MaS compatibility 

RA 4 

RB 5 

Rc 6 

Ro 7 

STR 8 

+12v 9 

BLOCK DIAGRAM 

STT 

T. 
Ta 
Tc 

TD 

XTAUEXTI 

XTALlEXT2 

R. 
RB 
Rc 
RD 

STR 

XTAL 

Z CLOCK 
BUFFER 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 

DIVIDER 
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15 TB 

14 Tc 

13 To 

12 STT 

11 GND 
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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 a dual 
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 XTAUEXT 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 

XTALlEXTl 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 fo Receiver Output This output runs at a frequency selected by the Receiver divisor 

Frequency select data bits. 
4-7 RA, RB, Re, RD Receiver-Divisor The logic level on these inputs, as showrj in Table 1, selects the 

Select Data Bits receiver output frequency, fo' 
8 STR Strobe-Receiver A high level input strobe loads the receiver data (RA, RB, Re, RD) into 

the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

9 VDD Power Supply + 12 volt supply 
10 NC No Connection 
11 GND Ground Ground 
12 STT Strobe- A high level input strobe loads the transmitter data (TA, TB, Te, To) 

Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

13-16 To, Te, TB, TA Transmitter- The logic level on these inputs, as shown in Table 1, selects the 
Divisor transmitter output frequency, fT' 

Select Data Bits 
17 fT Transmitter This output runs at a frequency selected by the Transmitter divisor 

Output select data bits. 
Frequency 

18 XTALlEXT2 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 132 
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COM 5026 
cOM5026T 

Baud Rate Generator 
Programmabl~ Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input 
o Choice of 16 output frequencies XTAL/EXT1 1 14 fouT 
016 asynchronous/synchronous baud rates \.J 

XTAL/EXT2 2 13 A o DirectUART/USRT/ASTRO/USYNRT 
compatibility 

o TTL, MaS compatibility 
+5v 3 

NC 4 

GND 5 

NC 6 

+12v 7 

12 B 

11 C 

10 0 

9 ST 

8 NC 

BLOCK DIAGRAM 

ST>---, 

A 

B 
C 
o 

XTAL/EXTl 

XTAUEXT2 

XTAL 

~ ~----------~ 
CLOCK 
BUFFER 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 
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GENERAL DESCRIPTION 

The Standard Microsystems COM 5026 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MaS/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 (215 _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 output is fed into the XTAUEXT 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 logic level inputs; COM 5026T is driven by TTL logic level 
inputs only. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTAUEXT1 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 crystal package or the 
External Input 2 other polarity of the external input. 

3 Vee Power Supply +5 volt Supply 

4,6,8 NC No Connection 

5 GND Ground Ground 

7 VDD Power Supply +12 volt Supply 

9 ST Strobe A high-level strobe loads the Input Address (AA, As, Ae, AD) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 

10-13 AD. Ae. AB. AA Input Address The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 

14 tOUT Output ThiS output runs at a frequency as selected by the Input Address. 
Frequency 

For electrical characteristics, see page 132 
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COM 5036 
cOM5036T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input XTALlEXT1 1 

o Choice.of 2 x 16 output frequencies +5v 2 
016 asynchronous/synchronous baud rates fR 3 o Direct UART/USRT/ ASTRO/USYNRT 

compatibility RA 4 

o Full duplex communication capability Rs 5 
o High frequency reference output Rc 6 
o TTL, MaS compatibility 

Ro 7 

STR 8 

+12v 9 

BLOCK DIAGRAM 

STT 

T. 
T. 
Tc 

To 

XTALlEXT1 

XTALIEXT2 

STR 

XTAL 

L CLOCK 
BUFFER 

REPROGRAMMABLE 
FREQUENCY SELECT 

DIVIDER 

DIVIDER 
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General Description 

The Standard Microsystems COM 5036 Dual Baud Rate Generator/Programmable Divider is anN-channel COP
LAMOS® MaS/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 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 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 
(2'L1). 

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 XTAUEXT 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 XTAUEXT input frequency. 

Pin No. Symbol 

XTALlEXT1 

2 Vee 
3 fR 

4-7 RA• RB• Re. RD 

8 STR 

9 VDD 
10 fx/4 
11 GND 
12 STT 

13-16 To. Te. TB• TA 

17 fT 

18 XTAL/EXT2 

Description of Pin Functions 

Name 

Crystal or 
External I nput 1 
Power Supply 

Receiver Output 
Frequency 

Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 

Power Supply 
fx/4 

Ground 
Strobe-

Transmitter 

Transmitter-
Divider 

Select Data Bits 
Transmitter 

Output 
Frequency 
Crystal or 

External Input 2 

Function 

This input is either one pin of the crystal package or one polarity 
of the external input. 
+ 5 volt supply 
This output runs at a frequency selected by the Receiver divisor 
select data bits. 
The logic level on these inputs. as shown in Table 1. selects the 
receiver output frequency. fRO 
A high level input strobe loads the receiver data (RA• RB• Re. RD) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 
+ 12 volt supply 
V4 crystal/ clock frequency reference output. 
Ground 
A high level input strobe loads the transmitter data (T A' T B. T e. To) 
into the transmitter 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 
transmitter output frequency. fT' 

This output runs at a frequency selected by the Transmitter divisor 
select data bits. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 

For electrical characteristics. see page 132 
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COM 5046 
cOM5046T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input 
o Choice of 16 output frequencies 
016 asynchronous/synchronous baud rates 

XTAUEXT1 1 

XTAUEXT2 2 o Direct UART /USRT / ASTRO/USYNRT 
compatibility 

o High frequency reference output 
o TTL, MOS compatibility 

+5v 3 

NC 4 

GND 5 

NC 6 

+12v 7 

BLOCK DIAGRAM 

ST 

A 

B 
C 
D 

XTALlEXT1 

XTALlEXT2 

;: 
;: 

>-

>-

I 

D-LATCH 

XTAL 

L CLOCK 
BUFFER 

h FREQUENCY M REPROGRAMMABLE 
DECODE FREQUENCY SELECT 

~ 
AND f---,I CONTROL ROM 

"""-- -->-

DIVIDER 

+4 

\...J 

r--

,l A A 

14 fouT 

13 A 

12 B 

11 C 

10 0 

9 ST 

8 fX/4 

+2 t--

+5v GND +12v 
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GENERAL DESCRIPTION 

The Standard Microsystems COM 5046 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOSI!> 
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. 

Pin No. Symbol 

1 XTAL/EXT1 

2 XTALJEXT2 

3 Vec 

4,6 NC 

5 GND 

7 Voo 

8 fX/4 

9 ST 

10-13 Ao, Ae, As, AA 

14 tOUT 

Description of Pin Functions 

Name 

Crystal or 
External Input 1 

Crystal or 
External Input 2 

Power Supply 

No Connection 

Ground 

Power Supply 

Reference 
Frequency 

Strobe 

Input Address 

Output 
Frequency 

Function 

This input is either one pin of the crystal package or one polarity 
of the external input. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 

+5 volt Supply. 

Ground 

+ 12 volt Supply. 

High frequency reference output@ (1/4) fiN 

A high-level strobe loads the Input Address (AA, As, Ae, Ao) 
into the Input Address 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 output frequency. 

This output runs at a frequency as selected by the Input Address. 

For electrical characteristics, see page 132 
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COM5026T, 
COM5036, eOM5036T, COM5046, COM5046T 

MAXIMUM GUARANTEED RATINGS' 
Operating Temperature Range .................•................. '.' .......................... O°C to + 70°C 
Storage Temperature Range .............................................................. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec:) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground .................................................... +18.0V 
Negative Voltage on any Pin, with respect to ground .................................................... -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=O°C to 70°C, Vee = + 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 V excluding XTALinputs 
High-level, VIH 2.0 Vee V 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 V 10l = 1.6ma 

0.5 V 10l = 3.2ma 
High-level, VOH Vee-l.5 4.0 V 10H = 100ILA 

INPUT CURRENT 
Low-level, III 0.3 mA VIN = GND, excluding XTAL inputs 

INPUT CAPACITANCE 
All inputs, CIN 5 10 pf VIN = GND, excluding XTALinputs 

EXT INPUT LOAD 8 10 Series 7400 unit loads 
POWER SUPPLY CURRENT 

Icc 28 45 mA 
100 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 3.5 ILs = 1/f1N (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. 

NOTE 1 

VIH 

STROBE CST) 
/ 

I 
I 

TIMING DIAGRAM 

I 
----+-~-
I 

I r---;',.....------------"""\ ./ 
/ 

Vll---L----

• Address need only be valid during the last Tpw, Min time of the input strobe. 

132 



Crystal Operation 
COM5016 
COM5036 

5.0688 MHz 
crystal 

Crystal Operation 
COM5026 
COM5046 

74XX 
TTL 

External Input Operation 
COM5016/COM5016T 
COM5036/COM5036T 

74XX 
TIL 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

External Input Operation 
COM5026/COM5026T 
COM5046/COM5046T 

74XX 
TtL 

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 O°C to 70°C 

Series reSistance <50 n 
Series Resonant 

Overall tolerance:!: .01% 
or as required 
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Crystal manufacturers (Par!iaILis!) 

Northern Engineering Laboratories 
357 Beloit Street 
Burlington, Wisconsin 53105 
(414) 763-3591 

BuloYa Frequency Control Producti 
61-20 Woodside Avenue 
Woodside, New York 11377 
(212) 335-6000 

CTS Knlghtalnc. 
101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 

. 1 000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 



APPLICATIONS INFORMATION 

Charge pump techniques 
using the + 5 volt power 
supply can be used to 
generate the + 12 volt 
power supply required. 
The + 12 volt power 
supplyoffigure 1 will 
supply the 22 milli- amps 
that is typically required. 

280n 

100pf 

+5.0v 

From Power 
Supply 

+12v 
OUT 

12v I1.DtJ f 

Figure 1 
VOLTAGE CHARGE PUMP 

SUPPLY FOR +12v SUPPLY 

To Chip Power 
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 
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 
suppressor such as the 1 N611 a be used. 

'SEMTECH CORPORATION 
652 Mitchel Road 
Newbury Park, California 91320 
213-628-5392 
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1N914 
Typ. 

Figure 2 
OVER-VOLTAGE 

PROTECTION 
CIRCUIT 



COM5016, COM5016T, COM5026, COM5026T, COM5036, COM5036T, COM5046, COM5046T 

I Baud Rate Generator Output Frequency Options I 

Table 1. (16Xclock) 

CRYSTAL FREQUENCY = 6.0888 MHz 

o 0 0 0 so 
o 0 0 1 75 
o 0 1 0 110 
o 0 1 1 134.5 
o 1 0 0 ISO 
0101300 
0110800 
o 1 1 1 1200 
1 0 0 0 1800 
10012000 
10102400 
10113800 
11004800 
11017200 
11109800 
1 1 1 1 19.200 

0.8 KHz 
1.2 
1.78 
2.152 
2.4 
4.8 
9.8 

19.2 
28.8 
32.0 
38.4 
57.8 
78.8 

115.2 
153.8 
307.2 

...::-' _III &"at 
11l(~":'l Error "'_ ... 

0.8 KHz 
1.2 
1.78 
2.1523 
2.4 
4.8 
9.8 

19.2 
28.8 
32.081 
38.4 
57.8 
76.8 

115.2 
153.8 
318.8 

5Il150 6338 
5CII5O 4224 
5CII5O 28BO 

0.016 5OISO 2355 
50/502112 
501SO 1056 
5OISO 528 
5CII5O 284 
5OISO 178 

0.253 50/50 156 
5OISO 132 
5Il150 88 
50150 66 
50(50 44 
48152 33 

3.125 50150 16 

Tablea. 
(32Xclock) 

CRYSTAL FREQUENCY = 5.0888 MHz 

o 0 0 0 50 
000175 
o 0 1 0 110 
o 0 1 1 134.5 
o 1 0 0 lSO 
0101200 
0110300 
o 1 1 1 600 
1 0 0 0 1200 
1 0 0 1 1800 
10102400 
10113600 
11004800 
11017200 
11109600 
1 1 1 1 19,200 

1.6 KHz 
2.4 
3.52 
4.304 
4.8 
6.4 
9.6 

19.2 
38.4 
57.6 
76.8 

115.2 
153.8 
230.4 
307.2 
814.4 

1.8 KHz 
2.4 
3.52 
4.306 
4.8 
8.4 
9.8 

19.2 
3B.4 
57.6 
78.B 

115.2 
153.6 
230.4 
315.8 
833.8 

TableS. 

501503166 
50150 2112 
5OISO 1440 

.06 1177 
50150 1068 
50150 792 
50150 52B 
5OISO 284 
5OISO 132 
501SO B8 
501SO 66 
50150 44 

, 33 
50150 22 

3.125 5tYSQ 18 
3.125 501SO 8 

(16Xclock) 

CRYSTAL FREQUENCY = 4.808 MHz 

0000 SO 
000175 
o 0 1 0 110 
o 0 1 1 134.5 
o 1 0 0 ISO 
0101300 
0110800 
o 1 1 1 1200 
1 0 0 0 1800 
10012000 
10102400 
10113800. 
11004800 
11017200 
11109800 
1 1 1 1 19200 

0.8 KHz 
1.2 
1.76 
2.152 
2.4 
4.8 
9.8 

19.2 
28.8 
32.0 
38.4 
57.8 
76.8 

115.2 
153.6 
307.2 

0.8 KHz 
1.2 
1.76012 
2.15228 
2.4 
4.8 
9.6 

19.2 
28.8 
32.0 
38.4 
57.8 
76.8 

115.2 
153.6 
307.2 

_III 
Error 

0.007 
0.01 

= " Dim ... 
50/50 5760, 
5OISO 3840 
50150 2818. 

, 2141 
50150 1920 
5OISO 980 
50150 460 
501SO 240 
5OISO 160 
5OISO 144 
5OISO 120 
5OISO 80 
5OISO 60 
50160 40 
50150 30 

, 15 

Table 2. (16X clock) 
CRYSTAL FREQUENCY = 4.9152 MHz 

o 0 0 0 SO 
000175 
0010110 
o 0 1 1 134.5 
o 1 0 0 ISO 
0101300 
0110600 
o 1 1 1 1200 
1 0 0 0 1800 
10012000 
1 0 1 0 '2400 
10113600 
11004800 

'1 10 17200 
11109800 
1 1 1 1 19.200 

0.8 KHz 
1.2 
1.78 
2.152 
2.4 
4.8 
9.6 

19.2 
28.8 
32.0 
38.4 
57.6 
76.8 

115.2 
153.8 
307.2 

0.8 KHz 
1.2 
1.7569 
2.152 
2.4 
4.8 
9.8 

19.2 
28.7438 
31.9166 
38.4 
57.8258 
76.8 

114.308 
153.6 
307.2 

5OISO 6144 
50/504096 

-0.01 • 2793 
5OISO 2284 
5OISO 2048 
5OISO 1024 
5OISO 512 
5OISO 256 

-0.19 • 171 
-0.28 5OISO 154 

5O!50 128 
0.38 85 

-0.77 5G!SO 
50150 
5OISO 

84 
43 
32 
18 

(16Xclock) 

CRYSTAL FREQUENCY = 5.0888 MHz 
TII_I .. I __ I 

~C:.:l ~~ 
o 0 0 0 8.93406 KHz 
o 0 0 1 8.91514 
o 0 1 0 6.89633 
o 0 1 1 6.87761 
o 1 0 0 6.84049 
o 1 0 1 6.82207 
o 1 1 0 8.80378 
o 1 1 1 8.74940 
1 0 0 0 45.45 0.7272 KHz 0.72723 
1 0 0 1 58.66 0.91008 0.91018 
1 0 1 0 56.30 0.93280 0.93290 
1 01 1 88.66 1.06B56 1.06566 
1 .1 0 0 74.20 1.18720 1.18735 
1 1 0 1 185.00 2.84000 2.64000 
1 1 1 0 200.00 3.20000 3.20000 
1 1 1 1 1050.00 16.80000 16.83880 

_1118;'3. 
Error 'iIo_ 

731 
733 
735 
737 
741 
743 
745 
751 

50(50 6970 
0.01 '5569 
0.02 5433 

5OISO 4752 
0.01 '4269 

501SO 1920 
50150 1584 

0.24 ' 301 

OUTPUT FREQUENCY opnONS 
Pa1No. DuhNum .... 

Tlblll TIIIII_Z T1b113 T1b114 TlbIIl 

S01815018T STD -5 -6 NJA NJA 
502815028T STD -5 -6 -30 NJA . 
503815038T STD NJA N/A N/A -SO" 
5048/5048T STD NJA NJA N/A NJA 

'When Duty Cycle is not exacIIy 50%. R Is SO%± 10%. 
"Output appears on fR (pin 3) only •••• Output frequency salecllon via RA. RB. Rc, RD. 
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Baud Rate Generator 
Programmable Divider 

COM 8046 
cOM8046T 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input 
XTAL/EXT1 o Single +5vpowersupply 

o Choice of 32 output frequencies XTAL/EXT2 
o 32asynchronous/synchronous baud rates +5v 
o Direct UART/USRTI ASTRO/USYNRT fx 

compatibility 
D Re-programmable ROM via CLASP~_ GND 

technology allows generation of other fo/16 
frequencies FENA o TTL, MOS compatible 

o 1 X Clock via fol 16 output E 

o Crystal frequency output via fx and fx/4 
outputs 

o Output disable via FENA 

BLOCK DIAGRAM 

ST>--'" 

A 
B 
C 
D 
E 

XTAL/EXT1 

XTAL/EXT2 

REPROGRAMMABLE 
FREQUENCY SELECT 

DIVIDER 
ROM 

DIVIDER 

1 \......,I 16 
2 15 
3 14 
4 13 
5 12 
6 11 
71 10 
8 [ 9 

FENA>-------------~------------------------~--~--~ 

A A 
+5v GND 

136 

fo 

A 
B 
C· 

D 

ST 

fx/4 

NC 

fo 

fo/16 

fx 

fx/4 



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 CLAS~ 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 asynchronousl 
synchronous data communication frequencies for 1X, 
16X and 32X UART I USRT I ASTROI 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 oscillatorlbuffer is applied to the 
divider for generation of the output frequency fa. The 
divider is capable of dividing by any integer from 6 

to 219 + 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 fo/16 output pin. The fo/16 output will 
drive one and the fa output will drive two standard 
7400 TTL loads. Both the fa and fo/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 Vee if left unconnected. 

The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated usingSMC'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 3.51's 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 fa 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 

Pin No. Symbol Name Function 

XTALlEXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 XTALlEXT2 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 fx fx Crystall clock frequency reference output 
5 GND Ground Ground 
6 fo/16 fo/16 1 X clock output 
7 FENA Enable A low level at this input causes the fa and fo/16 outputs to be 

held high. An open or a high level at the FENA input enables the 
fa and fol 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 fx/4 fx/4 V4 crystall clock frequency reference output. 
11 ST Strobe Divisor select data strobe. Data is sampled when this input is high, 

preserved when this input is low. 
12-15 D,C,B,A D,C,B,A Divisor select data bits. A = LSB. An open circuit at these inputs 

is equivalent to a logic high. 
16 fa fa 16X clock output 

For electrical characteristics, see page 146 
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COM 8116 
COM 8116T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input XTALlEXT1 1 
o Single +5v power supply +5v 2 o Choice of 2 x 16 output frequencies 
016 asynchronous/synchronous baud rates fR 3 

RA 4 o Direct UART /USRT / ASTRO/USYNRT 
compatibility 

o Full duplex communication capability 
ORe-programmable ROM via CLASpe 

technology allows generation of other 
frequencies 

o TTL, MOS compatibility 
o Compatible with COM 5016 
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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 fabricatect using SMC's patented 
COPLAMOS® and CLASP@). technologies and em
ploys depletion mode loads. allowing operation from 
a single +5v supply. 

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 fT. fRo 
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 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. 

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 3.5/LS 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. 

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 XTALlEXT inputs should not be used to drive 

Description of Pin Functions 

Pin No. Symbol Name Function 

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 RA• RB• Re. RD Receiver-Divisor The logic level on these inputs. as shown in Table 1. selects the 

Select Data Bits receiver output frequency. fRo 
8 STR Strobe-Receiver A high level input strobe loads the receiver data (RA• RB• Re. RD) into 

the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

9 NC No Connection 
10 NC No Connection 
11 GND Ground Ground 
12 STT Strobe- A high level input strobe loads the transmitter data (TA• TB• Te. TD) 

Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

13-16 TD• Te. TB• TA Transmitter- The logic level on these inputs. as shown in Table 1. selects the 
Divisor transmitter output frequency. fT' 

Select Data Bits 
17 fT 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 146 

139 



COM 8126 
COM 8126T 

Baud Rate Generator 
Programmabl~ Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input 
D Single + 5v power supply XTAL/EXT1 1 
D ChOice of 16 output frequencies 
D 16 asynchronous/synchronous baud rates 
D Direct UART /USRT / ASTRO/USYNRT 

XTAL/EXT2 2 

+5v 3 
compatibility 

D Re-programmable ROM via CLASp® 
technology allows generation of other 
frequencies 

D TTL, MaS compatibility 
D Compatible with COM 5026 

NC 4 
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NC 6 

NC 7 
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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 XTALlEXT 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/.<s 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 
curren! fOUT half-cycle. the divisor select inputs have 
pull-up resistors; the strobe input does not. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTALlEXT1 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 
4,6,7,8 NC No Connection 

5 GND Gro.und Ground 
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-wired 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 Bits output frequency. 

14 fOUT Output This output runs at a frequency selected by the divisor select 
Frequency data bits. 

For electrical characteristics, see page 146 
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COM 8136 
COM 8136T 

Dual Baud Rate Generator 
PrQgrammable Divider 

FEATURES PIN CONFIGURATION 
Dan chip crystal oscillator or external 

frequency input XTALlEXT1 1 

D Single +5vpowersupply +5v 2 
D Choice of 2 x 16 output frequencies 
016 asynchronous/synchronous baud rates 

fR 3 

RA 41 o Direct UART /USRT / ASTRO/USYNRT 
compatibility 

D Full duplex communication capability 
D High frequency reference output 
ORe-programmable ROM via CLASp® 

technology allows generation of other 
frequencies 

D TTL, MaS compatibility 
o Compatible with COM 5036 
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General Description 

The Standard Microsystem's COM 8136 is an en
hanced version of the COM S036 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 +Sv supply. 

The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies fT' fRo 
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 standard COM 8136 is specifically dedicated to 
generating the full spectrum of 16 asynchronousl 
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 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.Sl's 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. 

The COM 8136 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 8136T. 
TTL outputs used to drive the COM 8136 or COM 
8136T XTALlEXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com
promised due to excessive loading. 

Pin No. Symbol 

XTAL/EXT1 

2 Vee 
3 fR 

4-7 RA, R" Re, Ro 

8 STR 

9 NC 
10 fx/4 
11 GND 
12 STT 

13-16 To, Te, T" TA 

17 fT 

18 XTALlEXT2 

Description of Pin Functions 

Name 

Crystal or 
External Input 1 
Power Supply 

Receiver Output 
Frequency 

Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 

No Connection 
fx/4 

Ground 
Strobe-

Transmitter 

Transmitter-
Divider 

Select Data Bits 
Transmitter 

Output 
Frequency 
Crystal or 

External Input 2 

Function 

This input is either one pin of the crystal package or one polarity 
ofthe external input. 
+S volt supply 
This output runs at a frequency selected by the Receiver divisor 
select data bits. 
The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fRo 
A high level input strobe loads the receiver data (RA, R" Re, Ro) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

V4 crystall clock frequency reference output. 
Ground 
A high level input strobe loads the transmitter data (TA, T" Te, TO> 
into the transmitter 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 
transmitter output frequency, fT' 

This output runs at a frequency selected by the Transmitter divisor 
select data bits. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 

For electrical characteristics, see page 146 
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COM 8146 
COM 8146T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input 
o Single + 5v power supply 
o Choice of 16 output frequencies 

XTAUEXT1 1 \..J 
o 16 asynchronous/ synchronous baud rates XTAUEXT2 2 

o Direct UART /USRT / ASTRO/USYNRT 
compatibility 

o High frequency reference output 
ORe-programmable ROM via CLASp® 

technology allows generation of other 
frequencies 

o TTL, MaS compatibility 
o Compatible with COM 5046 
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General Description 

The Standard Microsystem's COM 8146 is an en- The output of the oscillator/buffer is applied to the 
hanced version of the COM 5046 Baud Rate divider for generation of the output frequency. The 
Generator. It is fabricated using SMC's patented divider is capable of dividing by any integer from 6 to 
COPLAMOS! and CLASp®" technologies and em- 2" + 1, inclusive. If th'e divisor is even, the output will 
ploys depletion mode loads, allowing operation from be square; otherwise the output will be high longer 
a single + 5v supply. than it is low by one fx clock period. 

The standard COM 8146 is specifically dedicated to The reference frequency (fx) is used to provide a high 
generating the full spectrum of 16 asynchronousl frequency output at fx/4. 
synchronous data communication frequencies for The divisor ROM contains 16 divisors, each 19 bits 
16X UART/USRT devices. A large number of the fre- wide, and is fabricated using SMC's unique CLASP! 
quencies available are also useful for 1X and 32X technology. This process permits reduction of turn
ASTRO/USYNRT devices. around time for ROM patterns. The four divisor select 
The COM 8146 features an internal crystal oscillator bits are held in an externally strobed data latch. The 
which may be used to provide the master reference strobe input is level sensitive: while the strobe is high, 
frequency. Alternatively, an external reference may be data is passed directly through to the ROM. Initiation 
supplied by applying complementary TTL level sig- of a new frequency is effected within 3.51's of a 
nals to pins 1 and 2. Parts suitable for use only with an change in any of the four divisor select bits (strobe 
external TTL reference are marked COM 8146T. TTL activity is not required). This feature may be disabled 
outputs used to drive the COM 8146 or COM 8146T ' through a CLASP,", programming option causing new 
XTAL/EXT inputs should not be used to drive other frequency initiation to be delayed until the end of the 
TTL inputs, as noise immunity may be compromised current fouT half-cycle. Toe divisor select inputs have 
due to excessive loading. pull-up resistors; the strobe input does not. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTALlEXT1 Crystal or This input is either one pin of the crystal p'ackage 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 I n put 2 polarity of the external input. 

3 Vee Power Supply + 5 volt supply 
4,6,7 NC No Connection 

5 GND Ground Ground 
8 fx/4 fx/4 V4 crystall clock frequency reference output. 
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-wired to 
ahigh level. 

10-13 D,C,B,A Divisor Select The logic level on these inputs as shown in Table 1, selects the 
Data Bits output frequency. 

14 fOUT Output This output runs at a frequency selected by the divisor select 
Frequency data bits. 

For electrical characteristics, see page 146 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T. COM8126, 

MAXIMUM GUARANTEED RATINGS' 
COM8126T, COM8136, COM8136T, COM8146, COM8146T 

Operating Temperature Range ................................................................ O°C to + 70°C 
Storage Temperature Range .............................................................. - 55°C to + 150°C 
Lead Temperature (soldering. 10 sec.) ................................................................ +325°C 
Positive Voltage on any Pin. with respect to ground ..................................................... + 8.0V 
Negative Voltage on any Pin. with respect to ground .................................................... -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 A=O°C to 70°C. Vcc= + 5V :!:5%. unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, VOL 0.8 V 
High-level, V'H 2.0 V excluding XTAL inputs 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 V 10L = 1.6mA, forfx/4, fo/16 

0.4 V IOL = 3.2mA, for fo, fR' fT 
0.4 V 10L = 0.8mA, for Ix 

High-level, VOH 3.5 V IOH=-100I'A; for fx, IOH=-50I'A 
INPUT CURRENT 

Low-level, I" -0.1 mA V,"=GND, excluding XTAL inputs 
INPUT CAPACITANQE 

All inputs, C," 5 10 pF V,"=GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 equivalent loads 
POWER SUPPLY CURRENT 

Icc 50 mA 

A.C. CHARACTERISTICS T.= +25°C 
CLOCK FREQUENCY, f," 0.01 7.0 MHz XT AL/EXT, 50% Duty Cycle:!: 5% 

COM 8046, COM 8126, COM 8146 
0.01 5.1 MHz XTALIEXT,50% Duty Cycle :!:5% 

COM 8116, COM 8136 

STROBE PULSE WIDTH, tpw 150 DC ns 
INPUT SET-.uP TIME 

to, 200 ns 
INPUT HOLD TIME 

tOH 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 I'S @fx=5.0MHz 

TIMING DIAGRAM 

I-o------t.w -'------0-1 

STROBE 

I---------to,--------_..I 

DIVISOR V,H 
SELECT 

DATA 
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Crystal Operation 
COM 8116 
COM 8136 

....---10 5.0688 MHz 
crystal 

Crystal Operation 
COM 8126 
COM 8146 
COM 8046 

74XX 
TTL 

External Input Operation 
COM 8116/COM 8116T 
COM 8136/COM 8136T 

74XX-totem pole or open collector output (external 
pull-up resletor required) 

External Input Operation 
COM 8126/COM 8126T 
COM 8146/COM 8146T 
COM 8046/COM 8046T 

74XX 
TTL 

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 O°C to 70°C 

Series resistance <50 n 
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 

BuloYa Frequency Control Products 
61-20 Woodside Avenue 
Woodside, New York 11377 
(212) 335-6000 

CTS Knights.lnc. 
101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1 000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 



Divisor Desired 
Select Baud 
EDCBA Rate 

00000 50.00 
00001 75.00 
00010 110.00 
00011 134.50 
00100 150.00 
00101 200.00 
00110 300.00 
00111 600.00 
01000 1200.00 
01001 1800.00 
01010 2400.00 
01011 3600.00 
01100 4800.00 
01101 7200.00 
01110 9600.00 
01111 19200.00 
10000 50.00 
10001 75.00 
10010 110.00 
10011 134.50 
10100 150.00 
10101 300.00 
10110 600.00 
10111 1200.00 
11000 1800.00 
11001 2000.00 
11010 2400.00 
11011 3600.00 
11100 4800.00 
11101 7200.00 
11110 9600.00 
11111 19200.00 

COM 8046 
cOM8046T 

Table 2 
REFERENCE FREQUENCY = 5.068800MHz 

Desired Actual 
Clock Frequency Baud 
Factor (KHz) Divisor Rate 

32X 1.60000 3168 50.00 
32X 2.40000 2112 75.00 
32X 3.52000 1440 110.00 
32X 4.30400 1177 134.58 
32X 4.80000 1056 150.00 
32X 6.40000 792 200.00 
32X 9.60000 528 300.00 
32X 19.20000 264 600.00 
32X 38.40000 132 1200.00 
32X 57.60000 88 1800.00 
32X 76.80000 66 2400.00 
32X 115.20000 44 3600.00 
32X 153.60000 33 4800.00 
32X 230.40000 22 7200.00 
32X 307.20000 16 9900.00 
32X 614.40000 8 19800.00 
16X 0.80000 6336 50.00 
16X 1.20000 4224 75.00 
16X 1.76000 2880 110.00 
16X 2.15200 2355 134.52 
16X 2.40000 2112 150.00 
16X 4.80000 1056 300.00 
16X 9.60000 528 600.00 
16X 19.20000 264 1200.00 
16X 28.80000 176 1800.00 
16X 32.00000 158 2005.06 
16X 38.40000 132 2400.00 
16X 57.60000 88 3600.00 
16X 76.80000 66 4800.00 
16X 115.20000 44 7200.00 
16X 153.60000 33 9600.00 
16X 307.20000 16 19800.00 
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Actual 
Frequency 

(KHz) Deviation 
1.600000 0.0000% 
2.400000 0.0000% 
3.520000 0.0000% 
4.306542 0.0591% 
4.800000 0.0000% 
6.400000 0.0000% 
9.600000 0.0000% 

19.200000 0.0000% 
38.400000 0.0000% 
57.600000 0.0000% 
76.800000 0.0000% 

115.200000 0.0000% 
153.600000 0.0000% 
230.400000 0.0000% 
316.800000 3.1250% 
633.600000 3.1250% 

0.800000 0.0000% 
1.200000 0.0000% 
1.760000 0.0000% 
2.152357 0.0166% 
2.400000 0.0000% 
4.800000 0.0000% 
9.600000 0.0000% 

19.200000 0.0000% 
28.800000 0.0000% 
32.081013 0.2532% 
38.400000 0.0000% 
57.600000 0.0000% 
76.800000 0.0000% 

115.200000 0.0000% 
153.600000 0.0000% 
316.800000 3.1250% 



Divisor Desired 
Select Baud 
DCBA Rate 
0000 50.00 
0001 75.00 
0010 110.00 
0011 134.50 
0100 150.00 
0101 300.00 
0110 600.00 
0111 1200.00 
1000 1800.00 
1001 2000.00 
1010 2400.00 
1011 3600.00 
1100 4800.00 
1101 7200.00 
1110 9600.00 
1111 19200.00 

COM 8116 
COM 8116T 

COM 8126 
COM 8126T 

COM 8136 
COM 8136T 

COM 8146 
COM 8146T 

Table 1 
REFERENCE FREQUENCY=5.068800MHz 

Desired Actual 
Clock Frequency Baud 
Factor (KHz) Divisor. Rate 

16X 0.80000 6336 50.00 
16X 1.20000 4224 75.00 
16X 1.76000 2880 110.00 
16X 2.15200 2355 134.52 
16X 2.40000 2112 150.00 
16X 4.80000 1056 300.00 
16X 9.60000 528 600.00 
16X 19.20000 264 1200.00 
16X 28.80000 176 1800.00 
16X 32.00000 158 2005.06 
16X 38.40000 132 2400.00 
16X 57.60000 88 3600.00 
16X 76.80000 66 4800.00 
16X 115.20000 44 7200.00 
16X 153.60000 33 9600.00 
16X 307.20000 16 19800.00 
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Actual 
Frequency 

(KHz) Deviation 
0.800000 0.0000% 
1.200000 o.bOOO% 
1.760000 0.0000% 
2.152357 0.0166% 
2.400000 0.0000% 
4.800000 0.0000% 
9.600000 0.0000% 

19.200000 0.0000% 
28.800000 0.0000% 
32.081013 0.2532% 
38.400000 0.0000% 
57.600000 0.0000% 
76.800000 0.0000% 

115.200000 0.0000% 
153.600000 0.0000% 
316.800000 3.1250% 



~ J 
I. 

RCP RSI 

COM 8017 
DUAL COM 2017 

BAUD RATE GlENERATOR 
UART 

IT 
TCP TSO 

j I 
Typical UART -Dual Baud Rata Glenerator Configuration 

Full Duplex-Split Speed 

Typical ASTRO-Baud Rate Glenerator Configuration 

XTAL 

,..----1 D 1-----, 

R R 

Typical External Oscillator Hook-Up 

XTAL/EXT1 

COM axxx 

XTAL/EXT2 

Gleneratlon of Communication Reference Frequency and 
System Clock from a single crystal 

R. 

R, 

R, 

DO 

BA t-----TSO 

COM 1871 
AITRO 

BB t+----RSI 

~)-----I~XTAL/EXTl 

~-__ XTAL/EXT2 

'------_ To System 

+v 

-v 

To System 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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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tI/IIIIIfII"" Keyboard IDcoder 

'lMa.Y be custom mask programmed 
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, KR2376-XX 

Keyboard Encoder Read Only Memory 
FEATURES PIN CONFIGURATION 
D Outputs directly compatible with TTLlDTL or . r------;:::=:;:::::;=:::::;-------, 

Vee Frequency Control It MOS logiC arrays. 
D External control provided for output polarity 

selection. 
D External control provided for selection of odd 

or even parity. 
D Two key roll-over operation. 
D N-key lockout. 
D Programmable coding with a single mask 

change. 
D Self-contained oscillator circuit. 
D Externally controlled delay network provided 

to eliminate the effect of contact bounce. 
D One integrated circuit required for complete 

keyboard assembly. 
D Static charge protectiol) on all input and 

output terminals. 
D Entire circuit protected by a layer of glass 

passivation. 

Frequency Control B 

~l Frequency Control C XI 

Shlfllnput X2 Keyboard 
Control Input X3 Matrix 

Parity Invert Input X4 Outpuls 
Parity Output X5 

Data Output B8 X6 

Data Output B7 X7 

Data Output B8 YO 

Data Output B5 Yl 

Data Output B4 Y2 

Data Output B3 Y3 

Data Output B2 Y4 Keyboard 

Data Output Bl Y5 Matrix 

Strobe Output 16 25 Y6 Inpula 

Ground 17 24 Y7 

VaG 16 23 Y8 

Strobe Control I nput 19 22 Y9 

Data & Strobe 20 21 Yl0 
Invert Input 

PACKAGE: 4O-Pin D.I.P. 

GENERAL DESCRIPTION 
any special interface components. 

The KR2376-XX is fabricated with low threshol~. 
The SMC KR2376-XX is a 2376-bit Read Only Memory 
with all the logic necessary to encode single pole 
single throw keyboard closures into a usable 9-bit 
code. Data and strobe outputs are directly compatible 
with TTLlDTL or MOS logic arrays without the use of 

P-channel technology and contains 2942 P-channel 
enhancement mode transistors on a single monolithic 
chip. available in a 40 pin dual-in-line package. 

KR2376-XX 

V •• 

VaND 

Vee 

lar-----

--+;? 
~ -+-+ 

UT SHIFT INP 

CONTROL INP 

STRO 
CONTROL INPU 

UT 

BE 
T 

'Rl Cl 

I 
I 
1 

I 
1 

I 
1 
1 

4 1 

5 

19 1 

1 

I 
co Vee I Il 

DATA & STRO 
INVERT INP 

BE 20 
UT 

lTV 6 I 

rl 

DELAY 

TYPICAL CONNECTION OF KR2376-XX 
YO Yl Y2 Y3 Y4 Y5 Y6 Y7 ya Y9 Yl0 

31 30 29~~ 27 28 25 24 23 22 21 
-------'40A C2 •• 

50 KHz 
2 B ~ OSCILLATOR 3 C R2 

1 I FREQUENCY 
1 CONTROL 

11 BIT COMPARATOR ~ I 
CLOCK I 

CONTROL I 
11 STAGE RING COUNTER l- I 

I 
1 I YO Vl0 

39 XO ...-
38 XI ..- 37 X2 ..- a 38 X3 

2376 BIT ROM ..- STAGE 35 X4 
(9 BIT x 88 KEYS x 3 MODE) ..- RING 

COUNTER 34 X5 ..- 33 x6 r 32 .x? ..-
I I .~ 88 SPST KEYBOARD SWITCHES 

I V--L. 
TTUDTUMOS 1 

COMPATIBLE OUTPUT DRIVERS 1 PAR 
INVERT INP UT 

L----~tt1·t!1·11·-------J 16 7 8 9 10 11 12 13 14 15 

S;:~~~ ~~~~~ ,88 B7 88 B5 B4 B3 B2 Bl, 

X6 rA I ~_ -to-+- TYPICAL SWITCH 

X7\~ 
EXAMPLE 

v 1.5m I 
Fig. 1 DATA OUTPUTS Rl (680KO), C1 (.oolpf) pro Kie approx. s de ay 

(see figure 5) 
•• R2 (lOOK!}), C2 (50pf) provide 50KHz clock frequency 

(see figure 6) 
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MAXIMUM GUARANTEED RATINGSt 
Operating Temperature Range ........................•..•................... O°C to +70°C 
Storage Temperature Range ............................................. -6So C to +1S0° C 
GND and VGG, with respect to Vcc ........................................... -20V to +O.3V 
Logic Input Voltages, with respect to Vcc ..................................... -20V to +0.3V 

t 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 = +SV ±O.SV, VGG = -12V ±1.0V, unless otherwise noted) 

Characteristics Min Typ Max Unit Conditions 

CLOCK 20 SO 100 KHz see fig.1 footnote ("") for typical 
R-C values 

DATA INPUT 
Logic "0" Level +0.8 V 
Logic "1" Level Vcc-1.S V 
Input Capacitance 10 pf 

INPUT CURRENT 
"Control, Shift & YO 
thru Y10 10 100 140 pA VIN=+S.OV 

"Control, Shift & YO 
thru Y10 S 30 SO pA VIN = Ground 

Data Invert, Parity Invert .01 1 pA VIN = -S.OV to +S.OV 
DATA OUTPUT & X OUTPUT 

Logic "0" Level +0.4 V 10L = 1.6mA (see fig. 7) 
Logic "1" Level Vcc-1.0 V 10H = 100pA 

POWER CONSUMPTION 140 200 mW Nom. Power Supp. Voltages 
(see fig. 8) 

SWITCH CHARACTERISTICS 
Minimum Switch Closure see timing diagram-fig. 2 
Contact Closure Resistance 

between X1 and Y1 300 Ohm 
Contact Open Resistance 

between X1 and Y1 1 x 107 Ohm 

"I nputs with I nternal Resistor to VGG 

DESCRIPTION OF OPERATION 

TheKR2376-XX contains (see Fig. 1), a 2376-bit 
ROM, 8-stage and 11-stage ring counters, an 11-bit 
comparator, an oscillator circuit, an externally 
controllable delay network for el i m inati ng the effect 
of contact bounce, and TTUDTUMOS compatible 
output drivers. 

The ROM portion of the chip is a 264 by 9-bit 
memory arranged into three 88-word by 9-bit 
groups. The appropriate levels on the Shift and 
Control inputs selects one of the three 88-word 
groups; the 88-individual word locations are 
addressed by the two ring counters. Thus, the ROM 

address is formed by combining the Shift and 
Control Inputs with the two ring counters. 

The external outputs of the 8-stage ring counter 
and the external inputs tothe 11-bit comparator are 
wired to the keyboard to form an X-V matrix with the 
88-keyboard switches as the crosspoints. In the 
standby condition, when no key is depressed, the 
two ring counters are clocked and sequentially 
address the ROM; the absence of a Strobe Output 
indicates that the Data Outputs are 'not valid' at 
this time. 
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When a key is depressed, a single path is completed 
between one output of the 8-stage ring counter 
(XO thru X7) and one input of the 11-bit comparator 
(YO-Y10). After a number of clock cycles, acondition 
will occur where a level on the selected path to the 
comparator matches a level on the corresponding 
comparator input from the 11-stage ring counter. 
When this occurs, the comparator generates a 
sig nal to the clock control and to the Strobe Output 
(via the delay network). The clock control stops the 
clocks to the ring counters and the Data Outputs 

(81-89) stabilize with the selected 9-bit cod.e, 
indicated by a 'valid' signal on the Strobe Output. 
The Data Outputs remain stable until the· key is 
released. 

As an added feature two inputs are provided for 
external polarity control of the Data Outputs. Parity 
Invert (pin 6) provides polarity control of the Parity 
Output (piil 7) while the Data and Strobe Invert 
Input (pin 20) provides for polarity control of Data 
Outputs 81 thru 88 (pins 8 thru 15) and the Strobe 
Output (pin 16). 

SPECIAL PATTERNS 

Since the selected coding of each key is defined 
during the manufacture of the chip, the coding can 
be changed to fit any particular application of the 
keyboard. Up to 264 codes of up to 8 bits (plus one 
parity bit) can be programmed into the KR2376-XX 

ROM covering most popular codes such as ASC11, 
E8CD1 C, Selectric, etc., as well as many specialized 
codes. The ASC11 code is available as a standard 
pattern. For special patterns, use Fig. 9. 

Y KEYBOARD 
MATRIX OUTPUT 

STROBE OUTPUT 

SWITCH 
CLOSURE 

Vee 

TIMING DIAGRAM 

V., 1-------------1 -i.5psi
DATA-.j 
VALID 

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88 x~) + STROBE DELAY + STROBE WIDTH 

~ -u: ~~ 
MAXIMUM DETERMINED DETERMINED BY MINIMUM TIME 
EXPECTED BY FREQUENCY EXTERNAL RC REQUIRED BY 

OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 

Fig. 2 

POWER SUPPLY CONNECTIONS FOR 
TTLlDTL OPERATION 

OUTPUT DRIVER a "X" OUTPUT STAGE 
TO KEYBOARD 

TTLlDTL [ LOGIC OR INPUTS 
SMCLOW . 
VOLTAGE 

MOSLOGIC 

-12V <5V Gnd 

KR237&-XX ] 

TTL/DTL 
OUTPUTS LOGIC OR 

SMCLOW 
VOLTAGE 
MOSLOGIC 

POWER SUPPLY CONNECTIONS FOR 
MOS OPERATION 

FROM HIGH OR [ 
LOW VOLTAGE INPUTS 

MOS OR TTLlDTL-' . 
REFERENCED 

TO-5V 

-17V 

KR237&-XX 

L..-___ --' 

Fig. 3 

OUTPUTS] TO HIGH . OR LOW 
VOLTAGE 
MOS 
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"Y" INPUT STAGE FROM KEYBOARD 4.rV •• 

"'Y"'. TO 
KEYBOARD . INTERNAL 

INPUT /' T T GATING 

~-r~g~~~CE Vee CXf::Jr 
Fig. 4 



.0025pf 

.002", 

w 
0 

.0015", z 
;! 
(j 
~ .DOlpf 

<5 
.500pf 1 

V o o 

STROBE 
DELAY 
VS.C, 

OSCILLATOR 
FREQUENCY 

VS,C2 
200 

V 
1 

c R'= 100~Cl 
TA=25°C 

V \ Nom. Supp. Voltage 

/ \ 
V R = 680KCl 

Nom. ;~p~~~:~age-
I I " -r--

00 20 40 60 80 100 
DELAY - msec FREOUENCY - KHz 

Flg.S Fig. 6 

Y9 

CODE ASSIGNMENT CHART 
KR2376-ST 

S Bit ASCII, odd parity 

Fig. 9 

N 1 S C ,81 ,821 831B4.85186187188, PARITY 81T 
I I I Xo r-
IIJ 123456789 
1-.1-+---------.- ... --_ NORMAL 

i-.L----------- __ --~ SHIFT 

i--------.. -----~ CONTROL 

(Code representative of key depression at 
location XQ-yg and proper modeselection) 

TYP. OUTPUT 
ON RESISTANCE 

VS.GATE 
BIAS VOLTAGE 

TYP. POWER 
CONSUMPTION 

VS. TEMPERATURE 
160 ,---,-----,-,----r-r-."1I 180 .1 J 11 

E 120 

<5 
, 80 f--+-i--bo'~ 
~' 

a; 

035 30 25 20 15 10 
Vas - Volts 

N = Normal Mode 
S = Shift Mode 
C = Control Mode 

Flg.7 

~ 150 

ffi 
~'4O 
a: 
~130 

120 

Nom. Supp. VO,llage 
Vee = +5V 

t'-.. 
Vaa = -12V 

t'-.. 
r- I'--.. r--.. t---. 

o 10 20 30 40 50 80 70 
TEMPERATURE _ 'C 

Flg.S 

DATA (B1-BS) INVERT 
TRUTH TABLE 

DATA & STROBE CODE- DATA 
INVERT INPUT ASS.IGNMENT OUTPUTS 

(Pin 20) CHART (81-88) 

STROBE INVERT 
TRUTH TABLE 

DATA & STROBE 
INVERT INPUT INTERNAL 

(Pin 20) STROBE 

STR08E 
OUTPUT 
(Pin 16) 

PARITY INVERT 
TRUTH TABLE 

PARITY CODE PARITY 
INVERT INPUT ASSIGNMENT OUTPUT 

(Pin 6) CHART (Pin 7) 

MODE SELECTION 
SC~N 
S C~S 
l'i C~C 
S C ~ INVALID (SPURIOUS DATA) 

• = Output Logic "1" (see data 81-88) 
Logic "1" = +5.0V 
Logic "0" = Ground 

.Ai Circuit diagrams utilizing SMC prOd. ucts are included as a means of 'illustrating typical semiconductor applications; 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 r 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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KR3600-XX 
KR3600-ST 
KR3600-STD 
KR3600-PRO 

Keyboard Encoder Read Only Memory 
FEATURES PIN CONFIGURATION 
• Data output directly compatible with TTL 
• N Key rollover or lockout operation 
• Quad mode 
• Lockout/rollover selection externally selected as option 
• On chip-master/slave oscillator 
• All 10 output bits available 
• Fully buffered data outputs 
• Output enable provided as option 
• Data compliment control provided as option 
• Pulse orlevel data ready output signal provided as an option 
• Any key down output provided as an option 
• Contact bounce circuit provided to eliminate contact bOunce 
• Static charge protection on all input/outputs 
• Pin for Pin replacementfor GI AY-5-3600 

GENERAL DESCRIPTION 
The SMC MicrosystemsKR360o-XX is a Keyboard Encoder 

containing a 3600 bit read onlY.memory and all the.logic 
necessary to encode single pole single throw keyboard 
closures into a 10 bit code. . 

Function 

Option I 
Option See 
Option. "Pin 

\ Assignment 
Option, Chart" 
Option 

Data Output 89 
Data Output 88 
Data Output 87 
Data Output 86 
Data Output 85 

Data Output B4 
Data Output 83 
Data.Output 82 
Data Output 81 

V .. 
Data Ready 
Y. 
Y, 

Y. 
y, 

2 

3 

4 
5 
6 
7 
8 
9 D 

Xc 
x. 
x, 
x. 
X. 
x. 
X. 
x, 
X. 
Delay Node Input 

Vee 

Shift Input 
Control Input 

Ve& 

Y. 
Y. 
y, 

Y. 
y, 
y. The KR3600-XX is fabricated with a low voltagepchannel 

technology and contains. the 'equivalent of 5000 transistors on.a . 
monolithic chip in a 40 lead dip ceramic package; PACKAGE: 40-Pin O:l.P. 

'. '.'. '. '. '. V.', '. v. BLOCK DIAGRAM 

r----- 11 II .ue 2' 22,23 ""lll .. 
----~-.,..,.--~ .. -.--:-.., 

EXTERNAL CLOCK 
INPUT (OPTION) 

I 1 I c.* 
v. • .....aI+ t- I · iL ~ MASTERI 2 II FREOUENCY 
v .. ~ .0 lIT C ...... RATOR OSl,'J~~OR~------~lS~' ----1 ·OONT"'" 

YC¢.~ AI* 

I TTTTTTTTTT 1 I 
II 10 STAGE . I CLOCK .---+'"" .. ,-+ OIITO 0[_ 

RING COUNTER CONTROL 
I I 
I ,I.' 
I H ENCODED ~H T.MING 1~._I~s,-I-t-KEY CI ACufT ("I; STROlE DE-L~Y 
I r'"-: MEMORV I ,~I 4:, ** 
I·.: v.. - **.: I r C2 '1 ...... ~ Yo 

;. r.lL.l ...... -'L-.LJ ...... -'L-1:::===~r--'-- "2';;"1.0 -= xo 

.::::~ ~~-==_4~~~4~=_-==_-=t+~~~~~~=_-==_-==_-=~~~~=_~:~_~:~,-~;~~J~r~t~~-=t+4~=_~t~~~t+-+4:~~~ 
I J (10 Irr:: .:: ~: MOH11o---...,..--! 

• XI *** ...... 
SI Xl ...... 4 
Sf X3 ...... 6 

, STAGE •• RING 

1;= 
I! 
I v •• 

I 
I 

J. 

COUNTER 

-
OUTPUT OATA aUFf'ER 

.35 .0 

• .6 
: .. .1 
SZ '" , , 

• ANY KEY OOWN 
OUTPUT 

I ! LLLL!L!! , 
COM'LEMEIIT+-~I __ ,.-_~ TTL/OTL/MOS L I =:=s ~~rV"'RS r I CHIP ENABLE IOPTION) 

L-----~{t{~~t,t~,~t---~--------~LOC.O.UT,/ .. LLOVE. '-.. I 

8IOnll17 HIS 1M IS IZ 8' NOTE. REFER TO 8.1 FOR OPTION N SELECTION • 
*R. (lOOK A). CI (45.pF) PROVIDES APPROX. SOKHZ CLCK;IC fRIO. 

**CI t!O;OnS DELAY/CPP') RZ SUPPLIED INTERNALLy. 
**.DtOOES NEC£SSAII't AMI COMPLETE alCEY ROL.LQVI1f OPERATlOII 
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DESCRIPTION OF OPERATION 
The KR3600 contains a 3600 bit ROM, 9-stage and 10-stage ring counters, a 10 bit comparator, timing 

circuitry, a 90 bit memory to store the location of encoded keys for n key rollover operation, an externally controllable 
delay network for eliminating the effect of contact bounce, an output data buffer, and TTL/DTLlMOS compatible 
output drivers. 

The ROM portion of the chip is a 360 by 10 bit memory arranged into four 90-word by 1 O-bit groups. The 
appropriate levels on the Shift and Control Inputs selects one of the four 90-word groups; the 90-individual word 
locations are addressed by the two ring counters. Thus, the ROM' address is formed by combining the Shift and Control 
Inputs with the two ring counters. 

The external outputs of the 9-stage ring couf'lter and the external inputs to the 1 O-bit comparator are wired to 
the keyboard to form an X-Y matrix with the 90-keyboard switches as the crosspoints. In the standby conditions, when 
no key is depressed, the two ring counters are clocked and sequentially address the ROM, thereby scanning the key 
switches for key closures. 

When a key is depressed, a single path is completed between one output of the 9-stage ring counter (XO thru 
X8) and one input of the 10-bit comparator (Yo-Yg). After a number of clock cycles, a condition will occur where a 
level on the selected path to the comparator matches a level on the corresponding comparator input from the 
10-stage ring counter. 

N KEY ROLLOVER - When a match occurs, and the key has not been encoded, the switch bounce delay network 
is enabled. If the key is still depressed althe end of the selected delay time, the code for the depressed key is transferred 
to the output data buffer, the data ready signal appears, a one is stored in the encoded key memory and the scan 
sequence is resumed. If a match occurs at another key location, the sequence is repeated thus encoding the next key. 
If the match occurs for an already encoded key, the match is not recognized. The code of the last key encoded 
remains in the output data buffer. 

N KEY LOCKOUT - When a match occurs, the delay network is enabled. If the key is still depressed at the end of 
the selected delay time, the code for the depressed key is transferred to the output data buffer, the data ready signal 
appears and the remaining keys are locked out by halting the scan sequence. The scan sequence is resumed upon 
key release. The output data buffer stores the code of the last key encoded. 

SPECIAL PATTERNS-Since the selected coding.of each key and all the options are defined during the 
manufacture of the chip, the coding and options can be changed to fit any particular application of the keyboard. Up 
to 360 codes of up to 10 bits can be programmed into the KR3600 ROM covering most popular codes such as ASCII, 
EBCDIC, Selectric, etc., as well as many specialized codes. 

CUSTOM CODING INFORMATION 
The custom coding information for SMC's 
3600 Bit Keyboard Encoder ROM should 
be transmitted to SMC. The Truth Table 

should be completed on the format supplied. 

LEGEND 
CC = Complement Control 

AKO = Any Key Down Output 
B10 = B10 (Data) Output 

LOIRO = Lockout/Rollover 
CE = Chip Enable 

Internal Clock = Self Contained Oscillator 
External Clock = External Frequency Source 

Pin 1 Pin 2 

Pin 1 Pin2 

OPTION SELECTION/PIN ASSIGNMENT 

FIGURE 1 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ............................................... . ooe to +70oe 

-55°C to +150o e 
+325°e 
+0.3V 
-25 V 

Storage Temperature Range ....................... ' .......................... . 
Lead Temperature (soldering, 10 sec.) ......................................... . 
Positive Voltage on any Pin, Vee .............................................. . 
Negative Voltage on any Pin, Vee ............................................. . 

"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. 

ELECTRICAL CHARACTERISTICS 
(TA=Ooe to 70°C, Vee = +5V ±5%, VGG =-12V ±1.0V, Voo=GND, unless otherwise noted) 

Characteristics Min Typ·· Max Units Conditions 

Clock Frequency 10 50 100 KHz See Block diagram footnote" 
for typical R-C values 

External Clock Width 7 - - p's 

Data & Clock Input 
(Shift, Control, 

Compliment Control, 
Lockout/Rollover, 

Chip Enable 
& External Clock) 

Logic "0" Level VGG - +0.8 V 
Logic "1" Level Vee-1.5 - Vee+0.3 V 
Shift & Control Input 

p.A V'N= +5V Current 75 150 220 

X Output (Xo-Xs) 
Logic "1" Output Current 40 250 §(.to p.A Vowr=Vee (See Note 2) 

600 1300 4000 p.A VouT=Vee-1.3V 
900 2000 6500 p.A VOUT= Vee-2.0V 

1500 2000 14,000 p.A VOUT = Vee-5V 
3000 10,000 23,000 p.A VouT =Vee-10V 

Logic "0" Output Current 8 30 60 p.A VOUT = Vee 
6 25 50 p.A VOUT= Vcc-1.3V 
5 20 45 p.A VouT =Vee-2.0V 
2 10 30 p.A VouT=Vcc-5V 
- 0.5 5 p.A VouT=Vec-10V 

Y Input (Yo-Yg) 
Trip Level Vec-5 Vec-3 Vcc-2 V Y Input Going Positive (See Note 2) 
Hysteresis 0.5 0.9 1.4 V (See Note 1) 
Selected Y Input Current 18 100 170 p.A V'N=VCe 

14 80 150 !LA V'N=Vcc-1.3V 
13 50 130 !LA Y,N = Vee-2.0V 

5 40 110 p.A Y,N = Vce-4.0V 
Unselected Y Input Current 9 40 80 p.A V,N = Vee 

7 30 70 p.A V'N=Vcc-1.3V 
6 25 60 p.A V'N=Vcc-2.0V 
3 15 40 p.A V'N=Vcc-5V 
- 0.5 20 p.A V,N =Vce-10V 

Input Capacitance - 3 10 pF at OV (All Inputs) 

Switch Characteristics 
Minimum Switch Closure - - - - See Timing Diagram 
Contact Closure 

Resistance - - 300 Ii Zee 
1 X 107 - - !l Zco 

Strobe Delay 
Trip Level (Pin 31) Vcc-4 Vec-3 Vcc-2 V 
Hysteresis 0.5 0.9 1.4 V (See Note 1) 
Quiescent Voltage (Pin 31) -3 -5 -9 V With Internal Switched Resistor 

Data Output (81-810), 
Any Key Down Output, 
Data Ready 

Logic "0" - - 0.4 V 1ot=1.6m A 
Logic "1" Vee-1 - - V 10H= 1.0m A 

Vce-2 - - V IOH=2.2mA 

Power 
Icc - 12 22 mA Vee= +5V 
Iss - 12 22 mA Vss=-12V 

""Typical values are at + 25°C and nominal voltages. 

NOTE 
1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Precharg.e of X outputs and Y inputs occurs during each scanned clock cycle. 
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TIMING DIAGRAM 

SWITCH 
CLOSURE 

SWITCH 
RELEASE 

KEY 
CLOSURE 

DATA READY 
STROBE 

MINIMUM SWITCH CLOSURE 

l -1 F90 CLOCK CYCLES 

SWITCH STROBE---l 
BOUNCE DELAV I 

I FOUR 
I CLOCK 

: -l CYCLES : 

: --: PULSE n KEY 

-------t-------- _-:LEVEL} 

DATA 1-------7:------;--;.., ;,--7--7,-----;; ROLLOVER 

OUTPUT 1-------7,------~~7-~:---~, 

I I :: rRESETS AT FIRST Xo YO] 
ANY KEY I 'L l AFTER FIRST XI YI ou~~~~_L------1 , 

I I I 

: : REnS~,; :8~~0~i RESUME SCAN FOR 
n KEY LOCKOUT 

MINIMUM SWITCH CLOSURE. SWITCH BOUNCE + (90Xt) + STROBE DELAY + STROBE WIOTH 

MAXrMUM 1 DETERJNED BY 1 
EXPECTED EXTERNAL C 

DETERMINED MINIMUM TIME 
BY FREOUENCY REOUIRED BY 
OF OPERATION EXTERNAL 
(EXTERNAL Re) CIRCUITRY 

"Y" INPUT STAGE FROM KEYBOARD 

Vaa 

"X" OUTPUT STAGE TO KEYBOARD 

VaG 

·Y· 
KEYBOARD >-_~~_--, 

INPUT 

STATIC/ 
CHARGE 

PROrgrv:g~ Vee COUNTER 
INPUT 

OUTPUT DRIVER 

TO 
INTERNAL 
GATING 

NOTE: Output driver capable of driving one INPUT 1lJ 
TTL load with no external resistor. 
Capable of driving two TTL loeds using 
an external B.SKO resistor to V GG Vee 

~ 
w 
u z 

~ ... 
u 

STROBE DELAY vs. Cz 

.033 

.022 

.01 

.005 

.003 / 

. 002 / 

.00 111 
o 
o 

V 

,.V 
V ..... 

T", =25 0 C 
NOMINAL VOlTAGE 
DELAy=,300nSECfcPF-

6 

DELAY (mS) 

10 12 

159 

t-_-...... ~ OUTPUT 

t--+--t--~ TO KEYBOARD 

T 
" STATIC 

"",CHARGE 
'--"""""1r-.... PROTECTION 

DEVICE 

OSCILLATOR FREQUENCY vs. C t 

200 

180 

160 

\ R-l00Kn 

~o~~;f SUPPLY-

\ VOLTAGE , 
140 

~ 120 
~ z 1\ 
~ 100 

£ 80 ~ ... 
u 

60 

40 

20 

o o 20 

\ 

'" "'- --
40 60 80 100 

FREQUENCY (KHz) 



KR3600-STD 
Normal Shill Conlrol 

XY 1-12345878810 1-12345678910 1-12345678910 

00 1 1000111001 < 0011111001 '1 1000111011 
01 q 1000110101 Q 1000100101 q 1000111111 
02 a 1000010101 A 1.000000101 a 1000011111 
03 z 0101110101 Z 0101100101 z 0101111111 
04 HT 1001000001 HT 1001000001 HT 1001000001 
05 H 0001000101 H 0001000101 H 0001000101 
06 + 1101011001 + 1101011001 + 1101011001 
07 SO 0111001001 > 0111111001 SO 0111000001 
08 P 0000110101 @ 0000000101 NUL 0000000001 
09 1 1000111001 ! 1000011001 SOH 1000000001 
10 2 0100111001 @ 0000000101 20100111011 
11 w 1110110101 W 1110100101 w 1110111111 
12 s 1100110101 S 1100100101 s 1100111111 
13 x 0001110101 X 0001100101 x 0001111111 
14 RS 0111100001 RS 0111100001 RS 0111100001 
15 % 1010011001 % 1010011001 % 1010011001 
16 m 1011010101 I 1011100101 CR 1011000001 
17 SI 1111000001 SI 1111000001 SI1111000001 
18 n 0111010101 A 0111100101 SO 0111000001 
19 20100111001 .. 0100011001 STX 0100000001 
20 31100111001 # 1100011001 31100111011 
21 e 1010010101 E 1010000101 e 1010011111 
22 d 0010010101 D 0010000101 d 0010011111 
23 c 1100010101 C 1100000101 c 1100011111 
24 - 1111100100 - 1111100100 - 1111100100 
25 $ 0010011001 $ 0010011001 $ 0010011001 
26 L 0011000101 L 0011000101 L 0011000101 
27 US 1111100001 US 1111100001 US 1111100001 
28 60110111001 & 0110011001 ACK 0110000001 
29 k 1101010101 J 1101100101 DEL 1111111101 
30 40010111001 0010011001 40010111011 
31 r 0100110101 R 0100100101 r 0100111111 
32 f 0110010101 F 0110000101 f 0110011111 
33 SP 0000011000 SP 0000011000 SP 0000011000 
34 CAN 0001101000 ( 0001011000 CAN 0001100000 
35 CR 1011000001 CR 1011000001 CR 1011000001 
36 [ 1101111101 [ 1101111101 [ 1101111111 
37 VT 1101000000 VT 1101000000 VT 1101000000 
38 7 1110111001 ' 1110011001 BEL 1110000001 
39 .. 0100011001 .. 0100011001 .. 0100011001 
40 5 1010111001 % 1010011001 51010111011 
41 t 0010110101 T 0010100101 t 0010111111 
42 9 1110010101 g 1110000101 G 1110011111 
43 v 0110110101 V 0110100101 v 0110111111 
44 ETX 1100000001 ETX 1100000001 ETX 1100000001 
45 I 1011111101 I 1011111101 I 1011111111 
46 ? 1111111001 ? 1111111001 ? 1111111011 
47 - 1011011001 - 1011111001 - 1011011001 
48 ) 1001011001 ) 1001011001 ) 1001011001 
49 SP 0000011001 SP 0000011001 SP 0000011001 
50 60110111001 > 0111111001 60110111011 
51 Y 1001110101 Y 1001100101 Y 1001111111 
52 h 0001010101 H 0001000101 h 0001011111 
53 b 0100010101 B 0100000101 b 0100011111 
54 : 0101111001 • 0101011001 : 0101111011 
55 > 0111111001 > 0111111001 > 0111111011 
56 ; 1101111001 + 1101011001 ; 1101111011 
57 NUL 0000000001 NUL 0000000001 NUL 0000000001 
58 • 0101011001 • 0101011001 • 0101011001 
59 ! 1000011001 ! 1000011001 ! 1000011001 
60 7 1110111001 & 0110011001 7 1110111011 
61 u 1010110101 U 1010100101 u 1010111111 
62 j 0101010101 J 0101000101 j 0101011111 
63 n 0111010101 N 0111000101 n 0111011111 
64 = 1011111000 = 1011111000 = 1011111010 
65 < 0011111001 < 0011111001 < 0011111011 
66 P 0000110101 P 0000100101 P 0000111111 
67 o 0000111001 ) 1001011001 00000111011 
68 & 0110011001 & 0110011001 & 0110011001 
69 # 1100011001 # 1100011001 # 1100011001 
70 8 0001111001 • 0101011001 80001111011 
71 i 1001010101 I 1001000101 i 1001011111 
72 k 1101010101 K 1101000101 k 1101011111 
73 m 1011010101 M 1011000101 m 1011011111 
74 11111011001 ? 1111111001 I 1111011001 
75 ' 1110011001 .. 0100011001 ' 1110011001 
76 LF 0101000000 LF 0101000000 LF 0101000000 
77 = 1011111001 + 1101011001 = 1011111001 
78 FF 0011001001 < 0011111001 FF 0011000001 
79 ( 0001011001 ( 0001011001 ( 0001011001 
80 9 1001111001 ( 0001011001 9 1001111011 
81 o 1111010101 01111000101 01111011111 
82 10011010101 L 0011000101 10011011111 
83 ,0011011001 ,0011011001 , 0011011001 
84 .0111011001 .0111011001 .0111011001 
85 ; 1101111001 : 0101111001 ; 1101111001 
86 I 1011100101 [ 1101100101 I 1011100101 
87 - 1011011001 - 1111100101 - 1011011001 
88 00000111001 00000111001 o 0000111001 
89 9 1001111001 ) 1001011001 HT 1001000001 

Options: 
Internal osciliator (pins 1, 2, 3) Pulse data ready Signal 
Any key down (pin 4) positive output 
N key roliover only 

Internal resistor to VOD on shift and control pins 
KR3600-STD outputs provides ASC II bits 1-6 on B1-86, and bit7 on B8 

160 

Shlfl Control 
1-12345678910 

SUB 0101100001 
DLE 0000100001 

@ 0000000101 
P 0000100101 
I 1001000101 

H 0001000111 
+ 1101011011 

SO 0111000011 
NUL 0000000001 
SOH 1000000001 
ETB 1110100001 

A 0011100101 
A 1000000101 
Q 1000100101 

FS 0011100001 
% 1010011011 

CR 1011000001 
SI 1111000011 

SO 0111000001 
STX 0100000001 
NAK 1010100001 
DC3 1100100001 

B 0100000101 
R 0100100101 
A 0111100100 
$ 0010011011 
L 0011000111 

US 1111100011 
ACK 0110000001 
DEL 1111111101 
DC4 0010100001 
ENQ 1010000001 

C 1100000101 
SP 0000011000 
BS 0001000000 
M 1011000101 
K 1101000101 

VT 1101000010 
BEL 1110000001 

.. 0100011011 
STX 0100000001 
EOT 0010000001 

D 0010000101 
S 1100100101 

ETX 1100000001 
N 0111000101 
[ 1101100101 

- 1011011011 
) 1001011011 

SP 0000011011 
SOH 1000000001 
DC1 1000100001 

E 1010000101 
T 0010100101 

SYN 0110100001 
Z 0101100101 
Y 1001100101 

NUL 0000000001 
• 0101011011 
! 1000011011 

ETX 1100000001 
BEL 1110000001 

F 011 00001 01 
U 1010100101 
- 0111111100 
W 1110100101 
J 0101000101 

DC2 0100100001 
& 0110011011 
# 1100011011 

ESC 1101100001 
ACK 0110000001 

G 1110000101 
V 0110100101 
' 1110011001 

.. 0100011001 
GS 1011100000 
+ 1101011001 

FF 0011000011 
( 0001011011 

EM 1001100001 
I 1011100101 

X 0001100101 
,0011011011 
.0111011011 
: 0101111001 
[ 1101100101 

- 1111100101 
00000111001 

HT 1001000001 



KR3600-ST 
Norm.1 

XV a-123458789 

00 \ 000001101 
01 = 101111010 
02 DC3 110010010 
03 - '01'0'00' 
04 BS 000100010 
05 0000011001 
06 '0'1101001 
07 000000000 
08 000000000 
09 000000000 
10 1""01010 
l' • 01"0'00' 
'2 ? 00'1010'0 
'3 m '0"01110 
'4 n 011101110 
15 b 010001110 
16 v 01'01"10 
17 c '10001'01 
18 x 00011'10' 
19 z 010111110 
20 LF 0'0100001 
2' \ 00'110'0' 
22 DEL ""'1'10 
23 [ "0"0"0 
24 7 "'0'1010 
25 80001"010 
26 9 10011'00' 
27 000000000 
28 000000000 
29 000000000 
30 ; 110'11010 
3' 100"01'0' 
32 k 110101'10 
33 j 010101101 
34 h 000101110 
35 g "1001110 
36 f 011001101 
37 d 00'001110 
38 s 1'001'110 
39 a '000011'0 
40 000000000 
41 ( 110111101 
42 GA 101100010 
43 ' 11'00100' 
44 4001011010 
45 5 '01011001 
46 6 011011001 
47 000000000 
48 000000000 
49 000000000 
50 P 0000'1'10 
51 a 111'01101 
52 i 100101101 
53 u '0'011"0 
54 Y '00'11110 
55 t 001011101 
56 r 0'0011101 
57 o 10'00110' 
58 w 11'011'01 
59 q 100011101 
60 000000000 
61 000000000 
62 DC2 0'001000' 
63 000000000 
64 1 100011010 
65 2010011010 
66 3 110011001 
67 000000000 
68 000000000 
69 000000000 
70 00000"00' 
7' 9 100'11001 
72 8000111010 
73 7 1110"010 
74 60'1011001 
75 5 101011001 
76 4 0010"010 
77 3 11001'001 
78 20'0011010 
79 1 100011010 
80 000000000 
8' 000000000 
82 000000000 
83 000000000 
84 000000000 
85 SP 000001010 
86 000000000 
87 DC' 1000'0001 
88 HT 100100001 
89 ESC 110110001 

Options. Pm 1, 2,3-lntornal osclliator 
Pin4-Lockout (logic 1 I, roliover (logic 0) 
Pin 5 - Any key down output 

Shift Conlrol 
a-123458789 a-123458789 

- 011111101 NUL 000000001 
+ 110101001 GS 101110001 

DC3 110010010 DC3 110010010 
- "1110101 CA '0' '000'0 

BS 000100010 BS 000'000'0 
00000'1001 0000011001 
• 0'110100' .011101001 

000000000 000000000 
000000000 000000000 
000000000 000000000 

? 1'1111001 ST '1110000' 
> 01""0'0 SO 0'1'000'0 
< 001111001 FF 001'00001 
M 101100'01 CA 101'00010 
N 011100'0' SO 011100010 
B 010000101 STX 010000010 
V 0'10'0101 SVN 01'0'00'0 
C 110000'10 ETX 110000001 
X 000'10'10 CAN 000"0001 
Z 010110101 SUB 0'0'100'0 

LF 010100001 LF 010'0000' 
: 0011111'0 FS 00"'00'0 

DEL 1111'1'10 DEL '11'111'0 
1 10"'0'10 ESC "0110001 
7 "1011010 7 '110110'0 
8 0001"010 8 000111010 
9 100"'001 9 100111001 

000000000 000000000 
000000000 000000000 
000000000 000000000 

: 0'0'1'001 ESC "011000' 
L 001100"0 FF 00' '0000' 
K 110100101 VT "0100010 
J 010'00'10 LF 0'0'0000' 
H 000100101 BS 000'000'0 
G 111000101 BEL 111000010 
F 0"000110 ACK 011000001 
000'00010' EOT 001000010 
S '100'0'01 DC3 1100'0010 
A '00000101 SOH 100000010 

000000000 000000000 
1'01111101 ESC 1101'000' 

GA '01100010 GA 10'100010 
.. 0'000'001 BEL 1'1000010 
40010"010 4 0010"010 
5 '01011001 5 10'01100' 
601101'001 6 0"01100' 

000000000 000000000 
000000000 000000000 
000000000 000000000 

P 000010101 DEL 000010010 
0'11100'10 SI 11"0000' 

I '00100110 HT '00'0000' 
U 101010101 NAK 101010010 
V 100"0'0' EM 100110010 
T 00'010110 DC4 00'01000' 
A 010010110 DC2 0'001000' 
E 10'0001'0 ENO 10'00000' 

W'1'0101'0 ETB 1"0'000' 
o 1000'0'10 DCl '0001000' 

000000000 000000000 
000000000 000000000 

DC2 0100'0001 DC2 01001000' 
000000000 000000000 

, '00011010 1 10001'010 
20100'1010 20100110'0 
3 '10011001 3 11001100' 

000000000 000000000 
000000000 000000000 
000000000 000000000 

I '00'010'0 OLE 0000'0010 
( 00010100' EM 100110010 
·010'01010 CAN 00011000' 

& 011001010 ETB "'01000' 
A 011110110 SYN 0"0'0010 
% '010010'0 NAK 1010100'0 
$ 001001001 DC4 00'010001 
# 110001010 DC3 1'00100'0 

@ 000000'10 DC2 0'00'000' 
! '0000100' DCl 10001000' 

000000000 000000000 
000000000 000000000 
000000000 000000000 
000000000 000000000 
000000000 000000000 

SP 000001010 NU L 00000000' 
000000000 000000000 

DC' '0001000' DCl 100010001 
HT 100'00001 HT '0010000' 

ESC 110110001 ESC 110110001 

161 

Shill/Control 
a -123458789 

AS 011110001 
VT 110100010 

DC3 1100100'0 
US 1'1"00'0 
BS 0001000'0 

o 00001100' 
• 01110'00' 

000000000 
000000000 
000000000 

US "1"0010 
AS 0'11'000' 
FS 0011'00'0 

CA 1011000'0 
SO 011'000'0 

STX 0'0000010 
SVN 0'10'00'0 
ETX 11000000' 

CAN 00011000' 
SUB 0'0110010 

LF 010'00001 
FS 00"'00'0 

DEL 1111111'0 
GS '0111000' 

7 1'10"0'0 
8 0001110'0 
9 10011100' 

000000000 
000000000 
000000000 

SUB 0101100'0 
FF 001'0000' 
VT 1101000'0 
LF 01010000' 
BS 000'00010 

BEL "10000'0 
ACK 0'1000001 
EOT 0010000'0 
DC3 110010010 
SOH 100000010 

000000000 
GS '01'1000' 
GA '01100010 

STX 0100000'0 
4 00101'010 
5 10101'00' 
6 0110' '00' 

000000000 
000000000 
000000000 

DEL 000010010 
SI 11110000' 

HT 10010000' 
NAK '010'0010 

EM '00"0010 
DC4 00101000' 
DC2 0100'000' 
ENO 10100000' 
HB 1110'000' 
DCl 100010001 

000000000 
000000000 

DC2 01001000' 
000000000 

1 100011010 
2 0'00110'0 
3'100'100' 

000000000 
000000000 
000000000 

HT 10010000' 
BS 000100010 
LF 010'00001 

ACK 011000001 
AS 0'1110001 

ENO '0100000' 
EOT 001000010 
ETX 110000001 
NUL 000000001 
SOH '000000'0 

000000000 
000000000 
000000000 
000000000 
000000000 

NU L 000000001 
000000000 

DCl '0001000' 
HT 10010000' 

ESC 110110001 



KR3600-PRO 

XV Normal Shift 
00 000000000 001000000 
01 000000001 001000001 
02 000000010 001000010 
03 000000011 001000011 
04 000000100 001000100 
05 000000101 001000101 
06 000000110 001000110 
07 000000111 001000111 
08 000001000 001001000 
09 000001001 001001001 
10 000001010 001001010 
11 000001011 001001011 
12 000001100 001001100 
13 000001101 001001101 
14 000001110 001001110 
15 000001111 001001111 
16 000010000 001010000 
17 000010001 001010001 
18 000010010 001010010 
19 000010011 001010011 
20 000010100 001010100 
21 000010101 001010101 
22 000010110 001010110 
23 000010111 001010111 
24 000011000 001011000 
25 000011001 001011001 
26 000011010 001011010 
27 000011011 001011011 
28 000011100 001011100 
29 OOQOlll0l 001011101 
30 000011110 001011110 
31 000011111 001011111 
32 000100000 001100000 
33 000100001 001100001 
34 000100010 001100010 
35 000100011 001100011 
36 000100100 001100100 
37 000100101 001100101 
36 000100110 001100110 
39 000100111 001100111 
40 000101000 001101000 
41 000101001 001101001 
42 000101010 001101010 
43 000101011 001101011 
44 000101100 001101100 
45 000101101 001101101 
46 000101110 001101110 
47 000101111 001101111 
48 000110000 001110000 
49 000110001 001110001 
50 000110010 001110010 
51 000110011 001110011 
52 000110100 001110100 
53 000110101 001110101 
54 000110110 001110110 
55 000110111 001110111 
56 000111000 001111000 
57 000111001 001111001 
58 000111010 001111010 
59 000111011 001111011 
60 000111100 001111100 
61 000111101 001111101 
62 000111110 001111110 
63 000111111 001111111 
64 100000000 101000000 
65 100000001 101000001 
66 100000010 101000010 
67 100000011 101000011 
68 100000100 101000100 
69 100000101 101000101 
70 100000110 101000110 
71 100000111 101000111 
72 100001000 101001000 
73 100001001 101001001 
74 100001010 101001010 
75 100001011 101001011 
76 100001100 101001100 
77 100001101 101001101 
78 100001110 101001110 
79 100001111 101001111 
80 100010000 101010000 
81 100010001 101010001 
82 100010010 101010010 
83 100010011 101010011 
84 100010100 101010100 
85 100010101 10101CJ.l01 
86 100010110 101010110 
87 100010111· 101010111 
86 100011000 101011000 
89 100011001 101011001 

Options: 
Internal oscillator (pins 1, 2, 3) 
Lockout/rollover (pin 4}. with internal resistor to Voo 

1R2 

. Control Shill/Control 

3~gggggg~ 011000000 
011000001 

010000010 011000010 
010000011 011000011 
010000100 011000100 
010000101 011000101 
010000110 011000110 
010000111 011000111 
010001000 011001000 
010001001 011001001 
010001010 011001010 
010001011 011001011 
010001100 011001100 
010001101 011001101 
010001110 011001110 
010001111 011001111 
010010000 011010000 
010010001 011010001 
010010010 011010010 
010010011 011010011 
010010100 011010100 
010010101 011010101 
010010110 011010110 
010010111 011010111 
010011000 011011000 
010011001 011011001 
010011010 011011010 
010011011 011011011 
010011100 011011100 
010011101 011011101 
010011110 011011110 
010011111 011011111 
010100000 011100000 
010100001 011100001 
010100010 011100010 
010100011 011100011 
010100100 011100100 
010100101 011100101 
010100110 011100110 
010100111 011100111 
010101000 011101000 
010101001 011101001 
010101010 011101010 
010101011 011101011 
010101100 Qll101100 
010101101 011101101 
010101110 011101110 
010101111 011101111 
010110000 011110000 
010110001 011110001 
010110010 011110010 
010110011 011110011 
010110100 011110100 
010110101 011110101 
010110110 011110110 
010110111 011110111 
010111000 011111000 
010111001 011111001 
010111010 011111010 
010111011 011111011 
010111100 011111100 
010111101 011111101 
010111110 011111110 
010111111 011111111 
110000000 111000000 
110000001 111000001 
110000010 111000010 
110000011 111000011 
110000100 111000100 
110000101 111000101 
110000110 111000110 
110000111 111000111 
110001000 111001000 
110001001 111001001 
110001010 111001010 
110001011 111001011 
110001100 111001100 
110001101 111001101 
110001110 111001110 
110001111 111001111 
110010000 111010000 
110010001 111010001 
110010010 111010010 
110010011 111010011 
110010100 111010100 
110010101 111010101 
110010110 111010110 
110010111 111010111 
110011000 111011000 
110011001 111011001 

Any key down (pin 5), positive output 
Pulse data ready 
Internal resistor to VOD on shift & control pins 



DESCRIPTION 

The KR 3600 PRO isa MOS/LSI device intendedtosimplify 
the interface of a microprocessor to a keyboard matrix. 
Like the other KR 3600 parts, the KR 3600 PRO contains all 
of the logic to de-bounce and encode keyswitch closures, 
while providing either a 2-key or N-key rollover. 

The output of the KR 3600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple 
field programming. 

The code in the KR 3600 is shown in Table I. The format 
is simple: output bits. 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
through XOY1, XOY2 ... X8Y9. Bit 9 is the LSB; bit 1 is 
the MSB. 

FIGURE 1 
KR 3600 PRO TYPICAL APPLICATION 
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Bits 2 and 3 indicate the mode as follows: 
Bit2 Bit3 
o 0 
o 1 
1 0 
1 1 

Normal 
Shift 
Control 
Shift Control 

For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 
Figure 1 shows a PROM-encoded 64 key, 4 mode applica
tion, using a 256x8 PROM, and Figure2afull90 key, 4 mode 
application, utilizing a 512x8 PROM. 
If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch as shown. 
This prevents "phantom" key closures from resulting if 
three or more keys are depressed simultaneously. 

FIGURE 2 
KR 3600 PRO TYPICAL APPLICATION 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semicond~ctor applications; consequently, r* complete information sufficient for construction purposes is not necessarily given. The information has been carefully checked r 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 to supply the best product possible. 
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ROM 4732 
f.L PC FAMILY 

4096 X a-Bit Static Read-Only Memory 
32KROM 

FEATURES 
o 4096 x 8 Organization 
o All Inputs and Outputs TTL-Compatible 
o Fully Static (No Clocks, No Refresh) 
o Single +5v Power Supply 
o Maximum Access Time ... 450ns 
o Minimum Cycle Time .. .450ns 
o Typical Power Dissipation ... 580mW 
o Three-State Outputs for Wire-OR Expansion 
o Industry Standard 24 pin DIP Pin Out 
o 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 

PIN CONFIGURATION 

A7 1 24 Vee 

A62 23A8 

A5 3 22A9 

M4 21 CS2 or 0S2 
A3 5 20CS1orCS1 

A2 6 19A10 

A1 7 18A11 

ArJ 8 1708 

01 9 1607 

0210 1506 

0311 1405 

GND12 1304 

PACKAGE: 24-pin D.I.P. 

GENERAL DESCRIPTION 
The ROM 4732 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 or 748 
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 flexibility allowing four 
32K ROMs to be OR-tied without external 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 x8-bit EPROMs 
can expand to the 4096 x 8-bit ROM 4732 with 
changes only to pins 18, 19, and 21. To upgradefrom 
the 2316E, simply replace C82 with A11 on pin 18. 

BLOCK DIAGRAM 

CS1~ CHIP SELECT LOGIC C~~~L-________________ ~ 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ...•..................................... 0° C to + 70° C 
Storage Temperature Range ......................................... -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) ......................................... +325°C 
Positive Voltage on any Pin, with respect to ground .............................. +7.0V 
Negative Voltage on any Pin, with respect to ground .............................. -0.3V 

• Stresses above those listed may cause permanent damage to the device. This is a stress rati ng 
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 = O°C to 70°C, Vee = +5V ±5%, unless otherwise noted) 

Parameter Min. Typ. Max. 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, V'L 0.65 
High-level, V'H 2.0 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 
High-level, VOH 2.4 

INPUT CURRENT 
Low-level, I'L 10 

OUTPUT CURRENT 
IOL ±10 

INPUT CAPACITANCE 
All inputs, C'N 7 

OUTPUT CAPACITANCE 
All Outputs, COUT 10 

POWER SUPPLY CURRENT 
Icc 150 

A.C. CHARACTERISTICS 

Read cycle time, I ce•d) 450 
Access time from address, laead) 450 
Access time from chip select, 

taccs) 200 
Previous output data valid after 

address change, I pvx 
Output disable time from chip 

select, I pxz 

V'H 
ADDRESSES 

V'L 

V'H 
CS1,CS2 

450 

200 

READ CYCLE TIMING 

ADDRESSES VALID 
, , , , , , , , 
, I , , , , , , , , 

Unit Comments 

V 
V 

V IOL =2.0mA 
V IOH= -200J,lA 

J,lA Ov :s V'N :s Vee 

J,lA Chip Deselected 

pF 

pF 

mA 

1 Series 74 TTL load, 
CL=100 pF 

ns 
ns 

ns 

ns 

ns 

ADDRESSES VALID 

V'L II;::::: t.ead)~ 
tpvx~ I 

VOH )---~ 

01-08 ----HI-Z---""'"" HI-Z-

VOL 

167 



Description of Pin Functions 

INPUT/ 
PIN NO. SYMBOL NAME OUTPUT FUNCTION 

1,2,3,4,5,6, A7, A6, AS, A4, Addresses I The 12-bit positive-logic address is 
7,8,18,19,22, A3, A2, A1, A0, decoded on-chip to select one of 4096 

23 A11, A10, A9, words of 8-bit length in the memory 
A8 array. A0 is the least significant bit and 

A11 the most significant bit of the 
word address. The address valid 
interval determines the device 
cycle time. 

9,10,11,13, 01,02,03,04, Data ° The eight outputs must be enabled by 
14, 15, 16, 17 OS, 06, 07, 08 Outputs both chip select controls before the 

output word can be read. Data will 
remain valid until the address is 
changed or the outputs are disabled 
(chip deselected). When disabled, 
the three-state outputs are in a 
high-impedance state. 01 is consid-
ered the least significant bit, 08 
the most significant bit. The out-
puts will drive TTL circuits without 
external components. 

12 GND Ground GND Ground 

20,21 CS1, CS2 Chip I Each chip select control can be pro-
Select grammed during mask fabrication to 

be active with either a high or a low 
level input. When both chip select 
signals are active, all eight outputs 
are enabled and the eight-bit 
addressed word can be read. When 
either chip select is not active, all 
eight outputs are in a high-
impedance state. 

24 Vee Power PS +5 volt power supply 
Supply 
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PROGRAMMING DATA 
PROGRAMMING REQUIREMENTS: The ROM 4732 is a fixed program memory in which the 
programming is performed via computer aided techniques by SMC at the factory during the 
manufacturing cycle to the specific customer inputs supplied in the punched computer card 
format below. The device is organized as 4096 8-bit words with address locations numbered 0 to 
4095. The 8-bit words can be coded as a 2-digit hexadecimal number between 00 and FF. All data 
words and addresses in the following format are coded in hexadecimal numbers. In coding, all 
binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the 
least significant bit and Q8 the most significant bit. For addresses, A0 is least significant bit and 
A11 is the most significant bit. 
Every card should include the SMC Custom Device Number in the form ROXXXX (4 digit number 
to be assigned by SMC) in column 75 through 80. 
PROGRAMMABLE CHIP SELECTS: The chip select inputs shall be programmed according 
to the data punched in columns 73 and 74. Every card should include in column 73 a 1 if the output 
is to be enabled with a high level at CS2 or a 0 (zero) to enable the output with a low level at CS2. 
The column 74 entry is the same for programming CS1. 
PROGRAMMED DATA FORMAT: The format for the cards to be supplied to SMC to specify 
that data to be programmed is provided below. The card deck for each device consists of128 cards 
with each card containing data for 32 memory locations. 

CARD COLUMN 
1 t03 

4 
5t068 

69, 70 

71,72 
73 
74 

75,76 
77 to 80 

HEXADECIMAL FORMAT 
Hexadecimal address of first word on the card 
Blank 
Data. Each 8-bit memory byte is represented by two ASCII characters to 
represent a hexadecimal value of '00' or 'FF'. 
Checksum. The Checksum is the negative of the sum of all8-bit bytes in the 
record from column 1 to 68, evaluate modulo 256 (carry from high order bit 
ignored). (For purposes of calculating the checksum, the value of Column 
4 is defined to be zero.) Adding together, modulo 256, all8-bit bytes from 
Column 1 to 68 (Column 4 = 0), then adding the checksum, results in zero. 
Blank 
One (1) or zero (0) for CS2 
One (1) or zero (0) for CS1 
RO 
XXXX (4 digit number assigned by SMC) 

ALTERNATIVE INPUT MEDIA 
In addition to the preferred 80 column "IBM Card," customers may submit their ROM bit patterns 
on 9-track 800-BPI mag tape, 8-channel perforated paper tape, EPROM, ROM, etc. Where one 
of several nationwide time sharing services is mutually available, arrangements may be made 
with the factory to communicate the ROM definition data directly through the service computer. 
Format requirements and other information required to use alternative input media may be 
obtained through SMC sales personnel. 

ALTERNATIVE DATA FILE FORMATS 
In addition to the standard SMC format, it is possible to furnish data to SMC in other formats if 
prearranged with the factory. Non-standard formats may be acceptable. Contact SMC 
sales personnel. 

.Ai Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; 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 r 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 to supply the best product possible. 

169 



FDC3400 
/LPCFAMILY 

Floppy Disk 
Hard Sector Data Handler 

HSDH 

FEATURES 

D Hard-Sectored Operation - performs all data 
operations 

D Single or Double Density Operation-
recording code independent 

D Minifloppy or Standard Floppy compatible 
D Programmable Sync Byte 
D Internal Sync Byte Detection and Byte Framing 
D Fully Double Buffered 
D Data Overrun/Underrun Detection 
D Dual Disk Operation - Write on one disk drive 

while simultaneously reading from another 
D Tri-State Output Bus for processor 

compatibility 
D TTL Compatible Inputs and Outputs 

GENERAL DESCRIPTION 

The FDC3400 is an MOS integrated circuit which 
simplifies the data interface between a processor 
and a floppy disk drive. During a write operation, 
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 
the HSDH receives a bit-serial stream of read 
data from the floppy disk data separator, 
establishes byte synchronization by detecting 
the sync byte, and transfers data on a byte by 
byte basis to the processor. 
The HSDH detects data overrun and underrun 
conditions and indicates these conditions on its 
status lines. A data underrun causes write data 
to be written onto the disk from a special 
programmable fill register until new datfl is 
entered into the write data buffer or until the 
write operation is ended. 
Separate read and write data registers permit 
simultaneous read and write operations on two 
different drives for enhanced system throughput. 
The HSDH is fully double buffered and all inputs 
and outputs are TTL compatible. 
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PIN CONFIGURATION 

AD SBS 

ACK WOS 

RDRR WCK 

AOE FBS 

ADA sao 
AOL AG 

A07 

AOB 33 WOB 

A05 W05 

A04 W04 

A03 W03 

A02 W02 

28 WO' 
27 woe 

V DD 

WOU 

GNO 

WO 

PACKAGE: 40-Pin D.I.P. 

FUNCTIONAL BLOCK DIAGRAM 
~~~~~c===~========~r=========~ 



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 Operation 
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 external 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 

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 amollnt 
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. 

FLOW DIAGRAM - WRITE DATA 

TURN POWER ON 
APPLY WCK 
SET FILL BYTE ONTO WRITE DATA INPUT LINES - PULSE FBS 
SET FIRST DATA BYTE ONTO WRITE DATA INPUT LlNES
PULSE WDS 

NO 

LOAD WRITE OUTPUT REGISTER 
FROM WRITE DATA REGISTER 
WDU=O 
WDR=1 

WRITE 1 BIT 
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SET NEXT DATA 
BYTE ONTO WRITE 
DATA INPUT LINES
PULSE WDS 
WDR=O 

LOAD WRITE OUTPUT 
REGISTER FROM WRITE 
FILL REGISTER 
WDU=1 



TURN POWER ON 
APPLY RCK 

FLOW DIAGRAM - READ DATA 

SET SYNC BYTE ONTO WRITE DATA INPUT LINES - PULSE SBS 
PULSE RG - SETS READ LOGIC INTO SYNC BYTE 
SEARCH MODE. RDR = RDL = SBD = 0 

SHIFT 1 BIT INTO THE READ INPUT REGISTER 

NO 

SET THE READ LOGIC INTO 
THE BYTE MODE. SBD = 1 

TRANSFER THE CONTENTS Or: THE READ INPUT 
REGISTER TO THE READ DATA REGISTER, RDR = 1 

SHIFT 1 BIT INTO THE READ INPUT REGISTER 

NO 

EXAMINE RDL, SBD 

SET SBD = 1 

ARE THE 

SET CONTENTS OF READ 
DATA REGISTER ONTO 
READ DATA OUTPUT LINES 
VIA RDE. PULSE RDRR, RDR = 0 

YES CONTENTS OF THE READ NO 
(-'--<:INPUT REGISTER IDENTICAL TO THE>----I~I SETSBD = 0 

L-._~--..J CONTENTS OF THE SYNC 

YES 

BYTE REGISTER 
? 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 
1 RD Read Data The Read Data input accepts the serial data stream 

from the floppy disk data separator. 
2 RCK Read Clock The negative-going edge of the Read Clock input 

shifts Read Data into the Read Input Register. 
3 RDRR Read Data An active-high pulse input on the Read Data Request 

Request Reset Reset input resets the RDR output to a low level. 
4 ROE Read Data An active-high level on the Read Data Enable line 

Enable gates the outputs of the Read Data Register onto the 
Read Data Output lines. 

5 RDR Read Data The Read Data Request output is made active-high when 
Request an assembled byte is transferred from the Read Input 

Register to the Read Data Register. 
6 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-RDfJ Read Data When enabled by ROE the tri-state Read Data Output 
Output lines present the data in the Read Data Register to the 

processor. When ROE is inactive-low the RD7-RDl!llines 
are held at a high-impedance state. 

15-19 NC Not Connected 
20 V~c Power Supply + 5 volt supply 
21 NC Not Connected 
22 WDR Write Data The Write Data Request output is made active-high 

Request 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. 
If 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 The Write Data Underrun output is set active-high when 

Underrun 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 Voo Power Supply 12 volt supply 
27-34 WDfJ-WD7 Write Data The Write Data Input lines present information to the 

Input 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 Tnis Input snoulo be pUisea to a nlgn-lev~1 arter 
power turn on to reset RDR, SBD, and RDL to an inactive-
low level. The high-to-Iow transition of RG sets the 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. 

36 SBD Sync Byte The Sync Byte Detected output is set active-high each 
Detected 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 WD0-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 WD0-WD7Iines 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 WD0-WD71ines into the 
Sync Byte Register. 

MIN. TIMING FDC3400 FDC3400-1 UNITS 
toy ~ 2.0 --;;s 
tCH 1.0 0.5 itS 
tel 2.0 1.0 itS 
tov 1.4 0.9 itS 
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HSDH TIMING DIAGRAM 

WCK 
! 

WDS _______ ~n Notet nLj-i ___ _ 
: , 

WDA ~ _____ ~i~IN~o~te~I-----------------------'LJWr----

! WDU _____________ -+, _____________ ~ : 
WD =CT=I==c=J::::::T=.=-c.:=-T.::t=.:::c.:=-l.:=-.:=-.c.:=-.J.:=-.:=-I.:=-.T.:=-J.:=-.:=-l.:=-.T_-J-.:=-_-l-_-_T_-_-L-_-c_~"C.~1~-=:L~J-= 

1 • DATA BYTE • 1 • DATA BYTE • 1 • FILL BYTE • 1 

ACK 

=I=:::C:::I:::=CT=I==C:::J::::::I:::=C:::Th:::::::I:=::C:::CT=I::::cb_LI:::=C=T:::I::::::1::::::l==dT: 
I . SYNC BYTE • I- ' DATA BYTE • I .1 ' DATA BYTE -I ! 

~ __________________ ~ ____________ ~i~ ____________ ~! __ 
-'~ _________________________ -u!r.IN707te~3~-------------'~r------------------~---

AD 

AG 

ADA 
! ! 

ADAA ________________________________ ~nrN~o~te~2~ _____________ ~I---

IL ____________________________________ ~!----------------~!r-RDL - I 
SBD -,~ ____________________________ __'I Note 3 

NOTE 1 
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. 

NOTE 2 
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. 
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NOTE 3 
The RDL, SeD and RDO-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. 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range ........................................................ 00C to +700C 
Stora~e Temperature Range .....................................•..•.••.•...••... -5SoC to + 1S00C 
Load emperature (soldering, 10 sec.) ............................•.....•.•................. +32SoC 
Positive Voltage on any Pin, Vee ....•.....................•.....•..•..•.....•...•.........•.•. +0.3V 
Negative Voltage on any Pin, Vee ..............••....................•........•..•.•.....•...•. -2SV 

·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 A = OOC to 70°C, Vee = + SV ±S% Voo = -12V±S%, unless otherwise noted) 

Parameter Min. 

D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low-level, V" Voo 
High-level, V,H Vee-1.S 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 
High-level, VOH 2.4 

INPUT CURRENT 
Low-level, I" 

OUTPUT CURRENT 
Leakage, ILO 
Short circuit, los·· 

INPUT CAPACITANCE 
All inputs, C'N 

OUTPUT CAPACITANCE 
All outputs, COUT 

POWER SUPPLY CURRENT 
Icc 
100 

A.C. CHARACTERISTICS 

CLOCK FREQUENCY DC 
DC 

PULSE WIDTH 
Clock 1 

O.S 
Read Gate 1 
Write Data Strobe 200 
Fill Byte Strobe 200 
Sync Byte Strobe 200 
Read'Data Request Reset 200 

INPUT SET-UP TIME 
Write Data Inputs 0 

INPUT HOLD TIME 
Write Data Inputs 0 

STROBE TO OUTPUT DELAY 
Read Data Enable 

OUTPUT DISABLE DELAY 

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

NOTES: 

Typ. Max. Unit 

0.8 V 
Vee V 

0.2 0.4 V 
4.0 V 

1.6 rnA 

-1 I'A 
10 rnA 

·S 10 pF 

10 20 pF 

28 rnA 
28 rnA 

2S0 KHz 
SOO KHz 

I'S 
J£S 
I's 
ns 
ns 
ns 
ns 

ns 

ns 

180 2S0 ns 

100 2S0 ns 

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 trl-state output has 3 states: 
1) low-Impedance to Vee 
2) low-Impedance to GNO 
3) high-impedance OFF == 10M ohms 
The OFF state Is controlled by the ROE input. 
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Conditions 

h=1.6mA 
10H= -1001'A 

See note 1 

RDE=V",O,,;;Vou,";; +SV 
Vou,=OV 

V'N=Vee, f=1MHz 

RDE=V", f=1MHz 

All outputs = VOH 

TA= +2SoC 

RCK,WCK 
RCK, WCK, FDC3400-1 

RCK,WCK 
RCK, WCK, FDC3400-1 
RG 
WDS 
FBS 
SBS 
RDRR 

WD0-WD7 

WD0-WD7 
Load = 20pf + 1 TTL input 
ROE: T,ol, TPOO 

ROE 
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INDEX 
TRI- SECTOR 

STATE 
BUFFER TRACK 00 
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r- DIRECTION 
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DRIVE SELECT 2 
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IN SYSTEM 
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TYPICAL CCC 3500 INTERFACE TO PROCESSOR AND CASSETTE/CARTRIDGE DRIVE 



Foe 7003* 
/LPCFAMILY 

Floppy Disk Controller 
FOCII 

FEATURES 

o FULLY PROGRAMMABLE DATA FORMATS 
Single or Double Density IBM Soft-Sectored 

Format(up to 500K Bps) 
Number of Sectors (up to 128) 
Number of Bytes per Sector (up to 8K) 

o DATA OPERATIONS 
Automatic Sector Search and Verification 
Macro Read/Write Commands-Seek/Read or 

Seek/WritelVerify in One Command 
Multiple Sector Read/Write-via Sector Count 

Register 
Fully Double Buffered 
Write Data Verification 
String Search Command-Compares Data in 

Memory to Data on the Disk 
Optional On-Chip Data Separator 
Internal Address Mark Detection 
CRC Data Error Checking 
Data Overrun/Underrun Detection 
Write Protect Capability . 
Write Precompensation Outputs 

o TRACK MOTION OPERATION 
Seek Command-Moves Head to Desired Track 
Programmable Track-to-Track Seek Time 
Selectable Head Settling Time 
Programmable Head Load Time 
Up to 256 Tracks per Side 
Programmaple Head Unload Delay 
Two Current Track Registers for Control of 2 Drives 

o SYSTEM INTIORFACE 
8-Bit Bi-Directional Three-State Bus for Transfer of 

Data, Status, and Control 
Byte-OriE!nted DMA or Programmed I/O Data Transfer 
Interrupts System at Completion of Operation 
Read/Write qn one Drive while Seeking on another 

for Enhanced System Throughput 
Three On-Chip Status Registers 
TTL Compatible Inputs and Outputs 
+5 Volt Only Operation 

o FLOPPY DISK INTERFACE 
Controls up to 4 Double-Sided Drives 
Compatible with Standard (8") Floppy Disk Drives 
Compatible with Mini-Floppy (5W') Disk Drives 

GENERAL DESCRIPTION 

The FDC 7003 is a 40 pin DIP COPLAMOS® n-channel 
depletion-load MOS/LSI device which performs the 
complex interface function between a processor and a 
Floppy Disk Drive. The FDC offers many features which 
reduce computer service overhead resulting in greater 
system throughput. For example, the controller performs 
track seek/verify, write, and write verification without 
processor intervention. Enhanced system throughput 
is offered by the ability to seek on one drive while reading 
or writi ng on another. 
The device is capable of reading, writing, and initializing 
diskettes in single or double density. It is compatible 
with both the single density and double density IBM 
soft-sectored formats. The FDC provides the system 
designer with the flexibility needed to accommodate 
various disk data formats. The number of bytes per 
sector, the number of sectors per track and the number 
of tracks per side are fully programmable. 
The FDC interfaces to a processor via an 8-bit bi
directional Three-State bus. This assures efficient data 
transfer and processor compatibility. Three addressable 
internal Status Registers provide complete status 

"FOR FUTURE RELEASE 

178 

information to the processor. The processor operates 
upon the FDC via eight registers which are used during 
command execution: a Command Register, a Data 
Register, two Current Track Registers, a Desired Track 
Register, a Desired Sector Register, a Sector Count 
Register, and a Compare Count Register. Four additional 
control registers permit customizing the FDC to the 
selected drive and modes of operation. 

The following command functions are available: 
Restore Step-Out Seek Read Data 
Step Step-In Software Reset Search Track 
Write Data Read Address Write Track 
Write Verify Read Track 

The FDC will interface to both the standard (8") floppy 
disk drive and the minifloppy (5W') drive. Compatibility 
with the products of several manufacturers is assured 
by the inclusion of a wide range of programmable 
Track-to-Track Seek Times and Head Load Times. 
The FDC requires +5 volts only and all inputs and 
outputs are TTL compatible. 
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CCC3500 
/LPC FAMILY 

Cassette/Cartridge Data Handler 
CCDH 

FEATURES 

o Facilitates Magnetic Tape Cassette or 
Cartridge to Processor Interfacing 

o Performs All Data Operations 
o Up to 250K bps Data Transfer Rate 
o Recording Code Independent 
o Compatible with Standard and Mini Cassettes 
o Compatible with Standard and Mini 3M-type 

Cartridges 
o Read-While-Write Operation for Write 

Verification In Dual Gap Head Systems 
o Programmable Sync Byte 
o Internal Sync Byte Detection and Byte Framing 
o Fully Double Buffered 
o Data Overrun/Underrun Detection 
o Tri-State Output Bus for Processor 

Compatibility 
o TTL Compatible Inputs and Outputs 

GENERAL DESCRIPTION 

The CCC 3500 is an MOS integrated circuit which 
simplifies the data interface between a 
processor and a magnetic tape cassette or 
cartridge drive. During a write operation the 
CCDH receives data from the processor and 
shifts it out bit serially to the cassette/ cartridge 
data encoding logic. Similarly during a read 
operation the CCDH receives a bit-serial stream 
of read data from the cassette/ cartridge data 
recovery circuit, establishes byte synchroniza
tion by detecting the sync byte, and transfers 
data on a byte by byte basis to the processor. 
The CCDH detects data overrun and underrun 
conditions and indicates these conditions on its 
status lines. A data underrun causes data from a 
special programmable fill register to be written 
onto the cassette/ cartridge until new data is 
entered into the write data buffer or until the 
write operation is ended. 
Separate read and write data registers permit 
simultaneous read and write operations. Drives 
with dual gap heads may utilize this read-while
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. 
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PIN CONFIGURATION 

Ro SBS 

RCK wos 

RORR 

ROE 

RoR SBo 

RoL RG 

R07 W07 

R06 W06 

R05 W05 

R04 W04 

R03 W03 

R02 WD2 

RD1 
woe 

VOD 
WDU 

WO 

PACKAGE: 40-Pin D.I.P. 

FUNCTIONAL BLOCK DIAGRAM 



DESCRIPTION OF OPERATION 

Write Operation 
After power-on, the Write elock 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 the 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 initia~ed 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 
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 
and stop tape motion. 

System Operation - Additional Features 
Automatic Block Fill 
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 eee 3500. The eee 3500 will then 
underrun, setting the Write Data Underrun Status line 
and thereby causing the remainder of the block to fill 
with. bytes t~ken fro~ 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 
APPLYWCK 
SET FILL BYTE ONTO WRITE DATA INPUT LINES-PULSE FBS 
SET FIRST DATA BYTE ONTO WRITE DATA INPUT LlNES
PULSE WDS 

NO 

LOAD WRITE OUTPUT REGISTER 
FROM WRITE DATA REGISTER 
WDU~O 
WDR=1 

WRITE 1 BIT 
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SET NEXT DATA 
BYTE ONTO WRITE 
DATA INPUT LlNES
PULSE WDS 
WDR=O 

LOAD WRITE OUTPUT 
REGISTER FROM WRITE 
FILL REGISTER 
WDU=1 



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 

SHIFT 1 BIT INTO THE READ INPUT REGISTER 

NO 

SET THE READ LOGIC INTO 
THE BYTE MODE, SBD = 1 

TRANSFER THE CONTENTS OF THE READ INPUT 
REGISTER TO THE READ DATA REGISTER, RDR = 1 

SHIFT 1 BIT INTO THE READ INPUT REGISTER 

NO 

EXAMINE RDL, SBD 

SET SBD =1 

YES 
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NO 

SET CONTENTS OF READ 
DATA REGISTER ONTO 
READ DATA OUTPUT LINES 
VIA RDE. PULSE RDRR, RDR = 0 

SETSBD = 0 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 
1 RD Read Data The Read Data input accepts the serial data stream 

from the cassette/cartridge data recovery circuit. 
2 RCK Read Clock The negative-going edge of the Read Clock input 

shifts Read Data into the Read Input Register. 
3 RDRR Read Data An active-high pulse input on the Read Data Request 

Request Reset Reset input resets the RDR output to a low level. 
4 ROE Read Data An active-high level on the Read Data Enable line 

Enable gates the outputs of the Read Data Register onto the 
Read Data Output lines. 

5 RDR Read Data The Read Data Request output is made active-high when 
Request an assembled byte is transferred from the Read Input 

Register to the Read Data Register. 
6 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-RDI!l Read Data When enabled by ROE the tri-state Read Data Output 
Output lines present the data in the Read Data Register to the 

processor. When ROE is inactive-low the RD7-RD01ines 
are held at a high-impedance state. 

15-19 NC Not Connected 
20 Vee Power Supply + 5 volt su pply 
21 NC Not Connected 
22 WDR Write Data The Write Data Request output is made active-high 

Request 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 normally 
provided from the Write Data Register provided that a 
WDS pulse occurs during the presently written byte. 
If 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 The Write Data Underrun output is set active-high when 

Underrun 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 WDO-WD7 Write Data The Write Data Input lines present information to the 
Input Write Data Register, the Write Fill Register, and the 

Sync Byte Register under control oftheir respective 
strobes. The strobes operate independently of each 
other. The LSB should always be placed on WOO. 

35 RG Read Gate This input should be pulsed to a high-level after 
power turn on to reset RDR, SBD, and RDL to an inactive-
low level. The high-to-Iow 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. 

36 SBD Sync Byte The Sync Byte Detected output is set active-high each 
Detected 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 Fiil Byte The Fill Byte Strobe is an active-high input strobe which 

Strobe loads the byte on the WD0-WD71ines 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 WD0-WD71ines 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 WD0-WD71ines into the 
Sync Byte Register. 



MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range ........•.....................•.............•........... OOC to + 70°C 
Storage Temperature Range ...............................................•...... -55°C to + 150°C 
Load Temperature (soldering, 10 sec.) ..................................................... +325°C 
Positive Voltage on any Pin, Vee .............................................................. + 0.3V 
Negative Voltage on any Pin, Vee ................................................•............. -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=O°C to 70°C, Vee = +5V ±5% Voo= -12V±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Conditions 

D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low-level, VIL Voo 0.8 V 
High-level, V,H Vee-1.5 Vee V 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.2 0.4 V 1oc=1.6mA 
High-level, VOH 2.4 4.0 V 10H= -1001'A 

INPUT CURRENT 
Low-level,11L 1.6 mA See note 1 

OUTPUT CURRENT 
Leakage, ILo -1 I'A RDE=VIL,O~VouT~ +5V 
Short circuit, los"" 10 mA VOUT=OV 

INPUT CAPACITANCE 
All inputs, C'N 5 10 pi=' V'N=Vee, f=1MHz 

OUTPUT CAPACITANCE 
All outputs, COUT 10 20 pF RDE=VIL,f=1MHz 

POWER SUPPLY CURRENT 
Icc 28 mA All outputs = VOH 
100 28 mA 

A.C. CHARACTERISTICS TA= +25°C 
CLOCK FREQUENCY DC 250 KHz RCK,WCK 

PULSE.WIDTH 
Clock 1 I's RCK,WCK 
Read Gate 1 I'S 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 WD0-WD7 

INPUT HOLD TIME 
Write Data Inputs 0 ns WD0-WD7 

STROBE TO OUTPUT DELAY Load = 20pf+ 1 TTL input 
Read Data Enable 180 250 ns RDE: Tpo" TpDO 

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 Vee 
2) low-impedance to GNO 
3) high-impedance OFF == 10M ohms 
The OFF state is controlled by the ROE input. 
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CCDH TIMING DIAGRAM 

WCK 
I 

WDS ______ .......In Note 1 n'i-l----
WDR -----------~L. __________ ~1r.IN~~1--------------------------------------~1 I.r-----

, ote '-+' 

WDU ____________ ~-------------~----------+!~~ 
WD =I=J==I==[=J==I==C=]==I==C=]==[~~~~I~~C~]~~l~~C~I~~l_-_T_-~l-~_-L~-J~~i~~L~J~~ 

I • DATA BYTE • I • DATA BYTE • I • FILL BYTE • I 

RCK 
, , I ' 

-T-T-T--'-I--T-T-I--T-T-"TTT-T-r-r--I--T--d-r:T--j""'-""'j--r--I--r-rtl------------------------------ji-----------------t--r-----------------j---I ' SYNC BYTE • I • ' DATA BYTE • 1.1 ' DATA BYTE • I I 
RD 

: I 
RG -1l __________________________ ~----------------+:--~i ________________ -+: __ 

: ---:-__::-----------, ! I i 
RDR -, I I Note 3 Ll....JJ ' L.... ___ ------------~~ i I I 
RDRR ___________________________ ---InNote 2 I 

I !I RDL -, 

SSD -,~ ______________ ~r.IN~o~te~3~---------~lhl~ ____________ __ 

NOTE 1 
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. 

NOTE 2 
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. 
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NOTE 3 
The RDL, SeD and RDO-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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+5V -12V GND 

Vo< Voo GND 

WCK WRITE CLOCK 
WAITE WRITE DATA J.. 

JE~tER WD&-7 
WD WRITE DATA DATA BU 

IL --y 

RD&-7 
READ CLOCK READ RCK J. DATA READ DATA r----I WRITE OATA REO. 

WDR RO READ DATA Ra=r WRITE DATA UNDERAUN 
WDU :== TRI- READ DATA REO. 
RDR STATE 

BUFFER AEAD DATA LOST 
RDL 

CCC3500 
CCDH STAlUS NABLE 

SYNC BYTE DETECTED 
SBD f---l ~TASTROBE 
WDS --" FILL BYTE STROBE 
FBS SB!!§. 

SYNC BYTE STROBE 
SBS 

r 
ADDRESS 

READ GATE 
RG 

AND 

READ DATA ENABLE .Jo. CONTROL 
ROE NTROLBUS DECODER 

CASSETTE/ READ DATA REQUEST RESET 
RDRR 

CARTRIDGE 
DRIVE 

t-- .---
BUSY 

LOADED 
TRI- SIDE STATE 

BUFFER EOT/BOT 
DRIVE STATUS ENABLE WRITE PROTECT 

~ 

~ 
FWD/REV 

FAST/SLOW 

GO/STOP 

...... WRITE ENABLE 
OUTPUT 

DRIVE SELECT 1 LATCHES 
DRtVE SELECT 2 

DRIVE SElECT 3 I TO OTHER DRIVE CONTROL STROBE ORIVESIN 
DRIVE SELECT 4 SYSTEM 

'---

TYPICAL CCC 3500 INTERFACE TO PROCESSOR AND CASSETTE/CARTRIDGE DRIVE 



Package Outlines 
14, 16, 18, 20 PIN HERMETIC PACKAGE 

14 LEAD 16 LEAD 18 LEAD 20 LEAD 

DIM MIN MAX MIN MAX MIN MAX MIN MAX 

A .670 .760 .790 .810 .885 .915 .965 .995 

C .175 .175 .175 .175 

D .015 .021 .015 .021 .015 .021 .015 .021 

F .048 .060 .048 .060 .048 .060 .048 .060 

G .090 .110 .090 .110 .090 .110 .090 .110 

J .008 .012 .008 .012 .008 .012 .008 .012 

K .100 .100 .100 .100 

L .295 .325 .295 .325 .295 .325 .295 .325 

M 10° 10° 10° 10° 

N .025 .060 .025 .060 .025 .060 .025 .060 

24 LEAD 28 LEAD 40 LEAD 

24, 28, 40 LEAD HERMETIC DIP 
DIM MIN MAX MIN MAX MIN MAX 

A 1.188 1.212 1.386 1.414 1.980 2.020 

B .568 .598 .568 .598 .568 .598 

C .590 .610 .590 .610 .590 .610 

D .070 .090 .070 .090 .070 .090 

E .025 .060 .025 .060 .025 .060 

F .100 .100 .100 

I 0750 I 

t~ 
- I~ ~I~ I~ ~ TYP TYP 

14 LEAD PLASTIC DIP 

ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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16 LEAD PLASTIC DIP 18 LEAD PLASTIC DIP 

24, 28, 40 PIN PLASTIC DIP 

~~~---------~~~ 

~PIN 1 IDENTIFICATION 

~~~---------~~~ 

I ·1 
T W --------W c ======== 
~ --------

_11_ 0 171 -II-F 
24 LEAD 28 LEAD 40 LEAD 

DIM MIN MAX MIN MAX MIN MAX 

A 1.245 1.255 1.445 1.465 2.045 2.055 

C .145 .155 .145 .155 .145 .155 

D .018 TYP .018 TYP .018 TYP 

F .060 TYP .060 TYP .060 TYP 

G .099 .101 .099 .101 .099 .101 

J .010 .014 .010 .014 .010 .014 

K .120 .120 .120 

L .645 .675 .645 .675 .645 .675 

M .210 .210 .210 
ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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Standard Microsysterns Corporation 
35 Marcus Boulevard 
Hauppauge, New York 11787 
(516) 273-3100 
TWX: 510-227-8898 

SALES REPRESENTATIVES 
Domestic and International 

ALABAMA IDAHO MISSISSIPPI L-Mar Assoc., Inc. 
EMA SDR' Products & Sales Co. EMA 372 Second Ave. 
2309 Starmount Circle 14042 N.E. 8th Street 2309 Starmount Circle Vestal, NY 13850 
Huntsville, AL 35801 Bellevue, WA 98007 Huntsville, AL 35801 (607) 748-1482 
(205) 533·8840 (206) 747·9424 (205) 533·6640 

ARIZONA ILLINOIS 
NORTH DAKOTA 

MISSOURI TWC 

~~c~~~~Ss~~:e~nc. Mar-Con Dy-Tronix Inc. 763 Torchwood Drive 
4836 Main Street 11190 Natural Bridge Road New Brighton, MN 55112 

P'O.B.313O Skokie, IL 60076 Bridgeton, MO 63044 (612) 636-1770 
Scottsdale, AZ !l5257 (312) 675-8450 (314) 731-5799 
(602) 949-5054 OHIO 

INDIANA Dy-Tronlx Inc. G & H Sales CO. 
ARKANSAS Mar-Con Suite 202 10599 Chester Rd. 
Kruvand Assoc., Inc. 4836 Main Straet 13700 East 42nd Terrace CinCinnati, OH 45215 
10300 North Central Exp. Skokie, IL 60076 Independence, MO 64055 (513) 771-8231 
Dallas, TX 75231 (312) 675·6450 (818) 373-8800 
(214) 691-4592 G & H Sales CO. 

IOWA MONTANA P.O. Box 91 
CALIFORNIA Dy-Tronix Inc. SDR' Products & Sales Co. Grove City, OH 43123 
~Southem) Suite 201 14042 N.E. 8th Street (814) 878-1128 

abco Associates 23 Twixt Town Rd. E. Bellevue, WA 98007 
3723 Birch Street Cedar Rapids, IA 52402 (208) 747·9427 OKLAHOMA 
Newport Beach, CA 92660 (313) 377-8275 Kruvand Assoc., Inc. 
(714) 751-8375 NEBRASKA 10300 North Central Exp. 

KANSAS Dy-Tronix Inc. Dallas, TX 75231 

~North.r'2 Dy-Tronix Inc. 11190 Natural Bridge Road (214) 691-4592 
OR-CAL ssoclates 11190 Natural Bridge Road Bridgeton, MO 63044 

1121 San Antonio Road Bridgeton, MO 63044 (314) 731·5799 OREGON 
Palo Alto, CA 94303 (314) 731·5799 SDR' Products & Sales Co. 
(415) 961-8121 Dy-Tronix Inc. 14042 N.E. 8th Street 

Dy-Tronlx Inc. Suite 202 Bellevue, WA 98007 
COLORADO Suite 202 13700 East 42nd Terrace (208) 747-9424 13700 East 42nd Terrace Independence, MO 64055 
D/Z Associates, Inc. Independence, MO 64055 70 West 6th Avenue (818) 373-6600 NEW JERSEY PENNSYLVANIA 
Suite 109 ~Ea.t.rn) Denver, CO 80204 (Northern) 
(303) 534·3649 KENTUCKY Lorac Sales Electronics, Inc. ED Electronics, Inc. 

G & H Sales Company 580 Valley Rd. 300 North York Road 

CONNECTICUT 10599 Chester Road Wayne, NJ 07470 Hatboro, PA 19040 

Cincinnati, OH 45215 (201) 698-8875 (215) 674·9800 
Orion Group (513) 771·8231 27 Sunset Circle 

bWelltern) (Westlake) 
LOUISIANA 

(Southern) &HSalesCo. Guilford, CT 06437 OED Electronics, Inc. 10599 Chester Road (203) 821·5941 Kruvand Assoc., Inc. 300 North York Road 
7333 Harwln Hatboro, PA 19040 Cincinnati, OH 45215 

Orion Group Suite 120 (215) 874·9800 (513) 771-8231 
26 Highwood Ave. Houston, TX 77036 
Southington, CT 06489 (713) 780-9710 NEW HAMPSHIRE RHODE ISLAND 
(203) 821-5941 Contact Sales, Inc. Contact Sales, Inc. 

MAINE 101 Cambridge Street 101 Cembridge Street 

DELAWARE Contact Sales, Inc. Burlington, MA 01803 Burlington, MA 01803 

OED Electronics, Inc. 101 Cambri~e Street (817) 273·1520 (817) 273-1520 
300 North York Road Burlln~ton, A 01803 
Hatboro, PA 19040 (817) 73-1520 NEW MEXICO SOUTH DAKOTA 
(215) 674-9800 Mercury Eng. Sales, Inc. TWC 

MARYLAND 6031 E. Windsor Ave. 763 Torchwood Drive 

FLORIDA Stemler Associates, Inc. P.O.B.3130 New Brighton, MN 55112 

.. c .. Associates 6707 Whitestone Road Scottsdale, AZ 85257 (812) 638·1770 
2500 Hollywood Blvd. Baltimore, MD 21207 (802) 949-5054 
Suite 302 (301) 944·8282 TENNESSEE 
Hollywood, FL 33020 NEW YORK EMA 
(305J 922-5230 MASSACHUSETTS Lorac Sales Electronics, Inc. 11305 Silver Spring Drive 
(305 922-8917 Contact Sales, Inc. 550 Old Country Rd. Knoxville, TN 37922 

101 cambrl~e Street Room 410 (615) 986-1288 
'cn Associates Burlington, A 01803 Hicksville, NY 11801 
249 Maitland Ave. (817) 273-1520 (516) 681-8746 TEXAS 
Sulte317 Kruvand Assoc., Inc. 
Altamonta Springs, FL 32701 MICHIGAN (Upstate). 10300 North Central Exp. 
(305) 831-1717 A. Blumenberg Assoc., Inc. L-Mar Assoc., Inc. Dallas, TX 75231 

25900 Greenfield Suite 222 216 Tilden Drive (214) 891·4592 
GEORGIA Oak Park, MI48237 E. Syracuse, NY 13057 
EMA (313) 988·3230 (315) 437·7779 Kruvand Assoc., Inc. 
6755 Peach Tree Ind. Blvd. 7333 Harwin 
Quail Hollow Executive Park MINNESOTA L-Mar Assoc., Inc. Suite 120 
Suite No. 103 TWC P.O. Box 7945 Lyell Station Houston, TX 77036 
Atlanta, GA 30360 763 Torchwood Drive Rochester, NY 14806 (713) 780-9710 
(404) 449·9430 New B=ton, MN 55112 (716) 328·5240 

(812) -1770 
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UTAH 
D/Z AssOCiates, Inc. 
2520 South State Street 
Suite 167 
Salt Lake City, UT 84115 
(801) 488-4251 

VERMONT 
Contact Sales, Inc. 
101 cambrl~e Street 
BurlinfTn, A 01803 
(817) 3-1520 

VIRGINIA 
Stemler ASSOCiates, Inc. 
206 N. Washington SI. 
Alexandria, VA 22314 
(703) 548-7818 

WASHINGTON 
SDR' Products & Sales Co. 
14042 N.E. 8th Street 
Bellevue, WA 98007 
f208) 747-9424 
208) 624-2821 

WASHINGTON D.C. 
Stemler Associates, Inc. 
6707 Whitestone Road 
Baltimore, MD 21207 
(301) 944-8282 

WEST VIRGINIA 
G & H Sales Co. 
10599 Chester Road 
CinCinnati, OH 45215 
(513) 771-8231 

WISCONSIN 
~~rth.rn) 
763 Torchwood Drive 
New Brighton, MN 55112 
(812) 838-1770 

LSouthem) 
ar-Con 

4836 Main Street 
Skokie, IL 60076 
(312) 675-8450 

WYOMING 
SDR' Products & Sales Co. 
14042 N.E. 8th Street 
Bellevue, WA 96007 
(206) 747·9424 



mllllOll8I BENELUX COUNTRIES DENMARK FRANCE NORWAY 
Canada Famatra Benelux EGAAlS Tekelec Alrtronic EGAAlS 

P.O. Box 721 Hjalmar Brantings Vei6 B.P.No.2 Hjalmar Brantlngs Vei6 
Glnnekenweg 128 Oslo 5 Norway Cite Des Bruyeres Oslo 5 

ITRALIA Breda (2)221900 Rue Carle Vernet (2)221900 
Netherlands 92310 Serves 

'. Systems & Comp., Ply., Ltd. (76)133457 EASTERN PACIFIC 027-75-35 SWEDEN rospect Road 
pact, South Australia 5082 Teijin Advanced EGAAlS 
895 CANADA (QUEBEC) Products Corp. GREAT BRITAIN Hjalmar Brantings Vei6 

R.F.Q. Ltd. 1-1 Uchlsalwal-Cho Rastra Electronics Ltd. Oslo 5 Norway 

ITRIA P.O. Box 213 2 Chome, Chlyoda-Ku 275-281 King Street (2)221900 
Dollard Des Ormeaux Tokyo 100 Japan Hammersmith 

tronlsche Bavelmente Quebec, Canada H9G2H8 506-4870 London W69NF SWITZERLAND lraete (514) 626-8324 (1)7483143 erstrasse4/13 DimosAG 
10 Vienna FINLAND Badener Strasse 701 
·7318153 CANADA (ONTARIO) HavullnnaOy ITALY 8048 Zurich 

R.F.Q. Ltd. P.O. Box 468 AMD Elettronica S.R.L. (51)628140 
385 The West Mall SF 00101 Helsinki 10 VIA G. Pascoli, 70/4 
Suite 209 Finland 20133 Milano WEST GERMANY Etoblcoke, Ontario (90) 681-451 TLX: 843/311 250 Atlantik Elektronlk GmbH Canada M9C1 E7 Hofmannstrassa 20 (416) 628-1445 8000 Munich 70 

(89) 7853112 

DISTRIBUTORS Domestic and International 
ZONA NEW JERSEY TEXAS Future Electronics Inc. 

lina Electronic Dist. Hammond Electronics, Inc. Diplomat Electronics, Inc. Quality Components, Inc. Baxter Center 

N.27th Lane P.O. Box 3671 137 Gaither Drive 4303 Alpha Road 1050 Baxter Road 

mix, AZ 85009 1230 West Central Blvd. MI. Laurel, NJ 08059 P.O. Box 401645 Ottawa, Ontario 

I) 269-6201 Orlando, FL 32805 (609) 234-8080 Dallas, TX 75240 K2C3P2 

(305) 849-6060 (214) 387-4949 (613) 820-9471 

"IFORNIA Diplomat Electronics, Inc. Conti Electronics Limited 
>.E. Electronics ILLINOIS 490 South Riverview Dr. Quality Components, Inc. 5656 Fraser Street 
2 Assembly Lane Diplomat Electronics, Inc. Totowa, NJ 07512 6126 Westline Road Vancouver V5W 2Z4 
tington Beach, CA 92649 2451 Brickvale Drive (201) 785-1830 Houston, TX 77036 (604) 324·0505 
)894-1303 Elk Grove Village, IL 60007 (713) n2-7100 TWX 610-922-6037 
) 598-9633 (312) 595-1000 NEW JERSEY (Con"t) 

Quality Components, Inc. Falk-Baker Assoc. DENMARK 
>mat ElectroniCS, Inc. Mar-Con 382 Franklin Ave. 10201 McKalia Place EGAAlS 
F Mt. View-Alviso Rd. 4836 Main Street Nutley, NJ 07110 Suite 0 Hjalmar Brantings Vei6 
,yvale, CA 94086 Skokie, IL 60076 (201) 661-2430 Austin, TX 78758 Oslo 5 Norway 
I) 734-1900 (312) 675-6450 (201) 661-2431 (512) 838-0551 (2) 221900 

CO MARYLAND NEW MEXICO UTAH FRANCE 
3 W. Jefferson Blvd. Whitney Distributors. Inc. Bell Industries Belli ndustries Tekelec Airtronic 
er City, CA 90230 6707 Whitestone Road Century Electronic Div. Electronic Distributor Div. B.P.No.2 

i) 827-2224 Baltimore, MD 21207 11728 Linn N.E. 2258 S. 2700 W. Cite Des Bruyeres 

(301 ) 944-8080 Albuquerque, NM 87123 Salt Lake City, UT 84119 Rue Carle Vernet 
(801) 972-6969 92310 Serves CO (505)292-2700 027-75-35 Balboa Avenue Diplomat Electronics, Inc. 

!106 9150 Rumsey Rd. NEW YORK 
Diplomat Electronics, Inc. 

Diego, CA 92111 Columbia, MD 21045 3007 S.W. Temple GREAT BRITAIN 
I) 292-7349 (301) 428-3287 

Diplomat Electronics, Inc. Salt Lake City, UT 84115 Rastra Electronics Ltd. 303 Crossways Park Drive (801) 486-4134 275-281 King Street 
lern Microtechnology Sales MASSACHUSETTS 

Wood bu ry, NY 11797 Hammersmith 
o BubbRoad (516) 921-9373 InternaUonal LondQn W69NF 
ertino, CA 95014 

Diplomat Electronics, Inc. 
and Canada (1) 7483143 559 East Street L-DUN Electronics I) 725-1660 Chicopee, MA 01020 315 Mount Read Blvd. 

(413) 592-9441 P.O. Box 7945 AUSTRALIA ITALY 
,IWest, Inc. Rochester, NY 14606 A.J.F. Systems & Comp., Cramer Italia S.PA 
, Hawk Circle Diplomat Electronics, Inc. (716) 328-0830 Ply., Ltd. VIA C. Colombo, 134 
heim, CA92807 Kuniholm Drive 44 Prospect Road 00147 Roma 
I) 632-6880 Holliston, MA 01746 Zeus Components Corp. Prospect, South Australia TLX: 843/62 517 

(617) 429-4120 401 Broad Hollow Road 5082 
LORADO Suite L-150 516895 JAPAN 
Industries RC Components Melville, NY 11746 Teijin Advanced Prod. Corp. 
tronic Distributor Div. 10 Cornell Place (516) 752-9551 AUSTRIA 1-1 Uchisaiwai-Cho 
,W. 48th Avenue Wilmington, MA01887 Elektronische Bavelmente 2 Chome, Chiyoda"Ku 
,atridge, CO 80033 (617) 657·4310 Zeus Components, Inc. +Geraete Tokyo 100 Japan 
I) 424-1985 500 Executive Blvd. Singerstrasse 4/13 506-4670 

Zeus/New England, Inc. Elmsford, NY 10523 A-l010 Vienna 
omat Electronics, Inc. 16 Adam Street (914) 592-4120 222-7318153 NORWAY , Broadway Burlington, MA 01803 

EGAAlS ver, CO 80221 (617) 273-0750 NORTH CAROLINA BENELUX COUNTRIES Hjalmar Brantings Vei6 I) 427-5544 Hammond Electronics, Inc. Famatra Benelux Oslo 5 
MICHIGAN 2923 Pacific Ave. P.O. Box 721 (2) 221900 

IRIDA Diplomat Electronics, Inc. P.O. BOl< 21728 Ginnekenweg 128 
omat Electronics, Inc. 32708 W. Eight Mile Road Greensboro, NC 27406 Breda SWEDEN 'CalumetSI. Farmington, MI48024 (919) 275·6391 Netherlands 
",water, FL 33512 (313) 4n·3200 (76) 133457 EGAAlS 

Hjalmar Brantings Vei6 1)443-4514 PENNSYLVANIA Oslo 5 Norway 

omat Electronics, Inc. 
MINNESOTA QED Electronics, Inc. CANADA (2) 221900 

loodlake Drive West Diplomat Electronics, Inc. 300 North York Road Future Electronics Inc. 

e3, Bldg. A 
3816 Chandler Drive Hatboro, PA 19040 5647 Ferrier Street SWITZERLAND Minneapolis, MN 55421 (215) 674-9600 Montreal, Quebec 

,Bay (Melbourne), FL32905 (612) 788·6801 H4P2K5 DimosAG 
5) 725-4520 (514) 735·5n5 Badener Strasse 701 

SOUTH CAROLINA 8048 Zurich 
omat Electronics, Inc. MISSOURI Hammond Electronics, Inc. TWX 610-421·3251, (51) 626140 
I N.W. 20th Ave. Diplomat Electronics, Inc. 100 Augusta Rd. ·3500, -4437, -3587 
Lauderdale, FL 33309 2725 Mercantile Drive P.O. Box 2308 WEST GERMANY 

5) 971-7160 SI. Louis, MO 63144 Greenville, SC 29601 Future Electronics Inc. 
Atlantik Elektronlk (314) 645-8550 (803) 233-4121 4800 Dufferin Street 

Downsview, Ontario Hofmannstrasse 20 
M3H5S8 8000 Munich 70 

191 (416) 663-55.63 (89) 7853112 




