
A PENNWELL PUBLICATION 

COMPUTER ~ANUARY 1881 

DESIGN THE MAGAZINE OF 
COMPUTER BASED SYSTEMS 

32-BIT MINICOMPUTER ACHIEVES FULL 16-BIT COMPATIBILITY 

LOGIC ANALYZERS CONQUER LSI COMPLEXITY 



Express yourself with a Whizzard 
computer graphics system and take 
advantage of our technological inno­
vations . You get system flexibility. 
Easy to use, ever-expanding software 
support. Installation , training and 
service world -wide. And an inside 
track on the future. 

We're earning our reputation 

in computer graphics . Count on us . 
For advanced hardware compatible 
software. And added value . 

Find out more about how 
Megatek can give you freedom 
of expression. Write for up-to­
the-minute details on our 
complete line of computer graph­
ics products. 

L\.'PF' \J. E.C. 
MEGATEK CORPORATION 
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Megatek Corporation , 3931 Sorrento 
Valley Blvd ., San Diego , CA 92121 . 
714/455 -5590 . TWX 910-337-1270 
Megatek International/Europe, 11 
Woudstraat, 4031 JA lngen , The 
Netherlands, Telephone: 31 3443-
2800 , Telex : -70619 





It Pays To Have 
The New Mannesmann Tally T-3000. 

Printers for the long run. 

MANNESMANN 
TALLY 
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New features from 
the leader in 
matrix line printers. 

New capabilities. Expanded versatility. 
The Tally 300 line per minute printer 
takes advantage of the inherent flexibility 
of matrix line printing to give you more 
value. Now you can beat the band with 
host defined downstream font selection 
and change character styles midstream. 
No lost time, downtime, or messing 
around to change fonts. Plus, you can 
now print double high characters for 
highlighting text. Or, for those occasions 
when extra special print quality is called 
for, a new multi-pass model makes a 
double pass to enhance character 
appearance. 

And now you can move the printer 
from the computer room and locate 
it where the information is used. A 
new Asynchronous Communications 
Adapter gives you 300 line per minute 
on-line remote printing. 

Plus, look at the standard features of 
every T-3000. Quiet operation. Easy, 
front access, straight path paper loading. 
A reel to reel , prethreaded ribbon system 
for quick and clean ribbon changing. A 
time saving diagnostic status display 
that reduces service calls. It tells if a fault 
condition is operator correctable . If a 
service call is needed, it tells the 
service man what's wrong. 

Dependable and durable, the T-3000 
never requires preventive maintenance. 
Never needs adjustment. Character 
formation and line registration never 
waver. The T-3000. High reliability. 
Patented flexure technology. 

There's more to tell so contact your 
nearest Mannesmann Tally Sales outlet. 

Mannesmann Tally, 8301South180th 
Street, Kent, WA 98031 . Phone 
(206) 251-5524. 
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FEATURES 

32-BIT MINICOMPUTER ACHIEVES FULL 
16-BIT COMPATIBILITY 111 

by Steve Wallach and Chuck Holland 

A top -down , goal driven design method leads to a minicomputer architec ­
turelhat mixes 16 - and 32 -bit in stru cti ons without enforcing two different 
modes of ope rati on 

LOGIC ANALYZERS CONQUER LSI COMPLEXITY 

by Gary Brock 

125 

Logic analyzers simplify LSI troubleshooting by splitting diagnostic tasks 
into two general catego ri es. then performing different data collection, for ­
matting, and d isplay ope rati ons for the two different classes of 
troubleshooting 

THE CHANGING POWER SUPPLY SCENE 130 

by Jeffrey D . Shepard 

The transition from linear to switching regulation affects both manufac­
turers and consumers of power supplies as a mature technology is sup­
planted by an eme rging counterpart 

MICROPROCESSOR CONTROLLED DIGITAL 
PULSE WIDTH MODULATORS 138 

by Vassi lios J . Georgiou 

Tw o different design techniques show how m ic roprocessor control of a 
digital pulse width modulator allows a variety of applications in data com­
munications, D-A con version, and in t erfacing electromec hanical devices 

CONFERENCES 

INTERNATIONAL SOLID STATE CIRCUllS CONFERENCE 94 
Emphasizing the signifi ca nt inc rease in bits per c hip , the conference will 
cove r ULSI and VLSI , memories and related te c hniques, ana log devices, and 
advanced c ircuits 

IEEE COMPUTER SOCIETY INTERNATIONAL CONFERENCE 102 

" VLSI in the laboratory, the office, the factory , the home " will be the theme 
of this 22nd IEEE Computer Soc iety con fe rence . Preconference tutorials 
and the Professional Program will conside r arc hitecture, t ec hnology , ap­
plications, and so ftware 

WBPA 

1.?ABP 

Computer Des ign· 1s publi shed m on thly. Co py ri ght 1 980 by Computer Design 
Pu bl ish ing Co ., a d1v 1s1on of PennW ell Pu bl1s h1ng Co . Con tro ll ed c 1rculat1on postage pa id 
a t Tul sa. OK . No ma teria l may be repri n ted w ith out perm iss ion. Postmaste r: CHANGE 
OF ADDRESS FORM 3 5 7 9 to IJe sent to Co m p uter Des ign, Circulation Dept., P.O. Box 
A . Wi ncheste r . MA 0 1890 . Su bsc ri pt ion ra te is$ 30 .00 111 US.A ., Canada and M exico. 
and $ 50 .00 elsewhe re . M ic rof ilm cop ies o f Computer Des ign are ava il able and may be 
purchased f rom Un1vers1 ty Mic rof ilms, a Xe rox Com pany , 3 0 0 N . Zeeb Rd ., A nn Ar bor. 
Ml 48106 . 

• Com pute r Design 1s a regis tered trademark o f Computer Design Pu b li shing Company. 

3 



4 

MULTIBUS ·. 
comP.atible data 
acquisition 
and control systems. 
The ADAC 700 Series of data acquisition systems p lug directly into 
the MULTIBUS of single board computers from Intel and National. The 
710 Series is the first low level analog to digital system available that 
includes such unique features as the capability to withstand common 
mode voltages of up to 250V while digitizing low level outputs from 
bridges, thermocouples and other low level transducers. A software 
programmable gain amplifier with optional cold junction compensation 
circuit can be programmed on a channel to channel basis. The low 
level analog to digital card and low level multiplexer expander card 
can be supplied with either8or16 differential inputs per card . Resolu­
tion is 12 bits. 

The 735 AID high level analog to digital series is suppl ied with 
.16 to 64 single ended or pseudo differential inputs. It also is jumper 
selectable for 8, 16, or 32 differential analog inputs. The inputs can be 
either voltage or current loop. The 735 AID features a 12 bit high speed 
analog to digital converter with throughput rates of 35 KHz basic and 
100 KHz optional. The series include bus interfacing with a software 
selection of program control/program interrupt and a jumper selection 
of memory mapped 1/0 or isolated 1/0. Up to 2 channels of 12 bit digital 
to analog converters can be supplied. 

The extensive series of MULTIBUS compatible analog 1/0 boards 
is further complemented by the 735 DAC Series. They are supplied 
with up to 4 channels of 12 bit digital to analog converters , MULTIBUS 
interfacing, 2 scope/recorder pen control circuits , 8 discrete digital 
outputs with 8 high current sinks, 8 discrete dig ital inputs, and memory 
mapped or isolated 1/0 interfacing. Optionally available are third wire 
sense for ground noise rejection and 4 to 20 ma current loop outputs. 

Send for full technical data: 

CORPORATION 
70 TOWER OFFICE PARK •WOBURN, MA 01801 • 617-935-6668 
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Now, from the company that delivers 
the industry's widest range of 
DEC-compatible memory products, a 
family of peripheral controllers that's 
second to none. From comparatively 
simple cartridge disk controllers to 
complex 300M B storage module drive 
(SM D) controllers. 

An impressive array of state-of-the-art 
controllers, all built around high-speed 
bipolar microprocessors. All software 
compatible with the host LSI- I I® or 

DATARAM 
CONTROLLER 

MINI 

COMPATIBILITY 

PDP®-11 minicomputer. .. and all 
available now. 

And Dataram's controllers are 
designed to save you money, and a lot 
more. Like space - our controllers 
typically occupy half the space required 
for the comparable controller from 
DEC. Doing it with a level of 
performance that makes any member 
of this family worth looking at. 

day. If you don't see the controller you 
need, we're probably working on it 
right now. Call us and discuss your 
r"quirements. 
1>EC LSI-I I and PDP are regis1ered lrademarks of 
Digital E<iuipment Corporation. 

Ptinceton Road 
Look at the chart of our current family Cranbury, New Jersey 08512 
of peripheral controllers, growing every Tel: 609-799-0071 TWX: 510-685-2542 
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Announcing two new arithmetic PALs that replace 
ALUs and bit slices,use less space and power. 

The PAL16A4 and 
PAL16X4 are in 
production now and in 
stock at your Monolithic Memories' · 
distributor. They are the latest 
two members of the 20-pin 
Programmable Array Logic 
(PAL) family. 

Both new PALs feature 
exclusive-OR gates and gated 
feedback which allow you to perform complex 
arithmetic functions such as addition, subtrac­
tion and counting. And both allow you to save 
up to 75% in parts count over old-style random 
logic. 

New capabilities in the same 20-pin 
SKINNYDIP™. 
PAL16X4 is an AND/NOR/Exclusive-OR 
array with four programmable 1/0 pins, four 
registers each with internal feedback and a 
three-state output. It's suitable for use as a 
programmable counter or a between-limits 
comparator. 

The PAL16A4 
provides the same 
capabilities as the 

PAL16X4, with the addition 
of a parallel-carry and an on-board 

accumulator which allow 
it to perform as an ALU 

accumulator. 
Use them in controllers for 

floppy-disk systems, for hard­
disk systems or for CRTs ... wherever space 
and power must be conserved. Their low power 
dissipation and 20-pin SKINNYDIP packaging 
make them the board designer's dream . 

Ask for complete details. 
Contact your nearest Monolithic Memories 
franchised distributor or sales representative 
for full technical data on the entire 15-device 
20-pin PAL family. 

Monolithic Memories, Inc., 1165 E Argues 
Ave ., Sunnyvale, CA 94086. 

PAL and SKINNYDIP a re trade marks o f Mono lithic Me mo ri es, Inc. 

HOTLINE! 
For express product information, call toll-free: 

(800) 528-6050 Ext 131. In Arizona: (800) 352-0458 Ext 131 

Afonolithia ~~n 
Memories LnJrW 
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FAIRCHILD 

A Schlumberger Company 

We just reduced your bus 



Introducing all IEEE-488functions available to you now. 
internally and features You can begin to design the fastest simple system with it immediately by 

single-chip handshake for ease of contacting your local 
interface. Fairchild Semiconduc-

IEEE-488 A bus load of tor distributor for an 
evaluation kit. Th is kit 

bus in the features. includes: 
The96LS488 Two 96LS488E's. 

business. requires only a single A complete data 

Fairchild's 96LS488 is 5V power supply. It has: sheet describing the 
Separate Talk and functions and para-

the first and only Gen- Listen address ca pa bi I ity. meters of the 96LS488. 
eral Purpose Interface Secondary address An application guide 
Bus that performs all the capability. showing information 
functions of Talker, Talk only and Listen on hookup with various 
Listener and Talker/ only capability. microprocessor-based 
Listener on a single low- Source handshake systems. 
power Schottky chip. delay programmable The names of our 
And it's microprocessor- for low or high-speed 96LS488 applications 
independent. data drivers. specialists you can call 

No one can touch Serial Poll and par- to answer any additional 
the 96LS488 for speed, allel Poll capability. questions. 
either. It operates at the A device Trigger and There's no long.er 
full bus specifications of Device Clear outputs. any need to spend extra 
1 MHz data rate-four The capability to time designing an inter-
times faster than its implement Remote/ face logic. Our bus gets 
closest competition. Local function. you there much faster. 
It drives the bus And all bus 1/0 signals And much easier, too. 

directly. complywith IEEE-488 For more information 
input threshold, termin- call or write 96LS488 

The 96LS488 con- ation and output specs. Bus at Fairchild Semi-
tains all the termination 

We'll route you conductor Products 
resistors and 48 mA Group, P.O. Box 880A, 
drivers for the manage- an evaluation Mountain View, 
ment, bus handshake kit today. California 94042.Tel: 
and parallel Poll required ( 415) 962-3716. 
for the bus. It implements The 96LS488E is TWX: 910-379-6435. 

Fairchi ld Camera and Instrument Corporation 

interfacing problems. 
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CONFERENCES 

FEB 2-4 - Microprocessor-Based Energy 
Management Systems, U of Wisconsin­
Madison , Madison , Wis . INFORMATION : 
Robert P. Madding , Dept of Engineering, U 
of Wisconsin Extension, 432 N Lake St, 
Madison , WI 53706 . Tel : 608 /263 -7920 

FEB 3 -5-Aerospace and Electronic 
Systems Winter Conv, Sheraton Universal 
Hotel , North Hollywood, Calif . INFORMA­
TION : William H. Minshull , Bldg A 107, 
Hughes Aircraft Corp, Culver City. CA 
90230 . Tel: 213 /391 -0711 

FEB 3 AND FEB 5 - Invitational Computer 
Conf, Pier 66 Hotel, Ft Lauderdale, Fla , 
and Radisson Inn Atlanta , Atlanta , Ga . IN ­
FORMATION : B. J . Johnson & Assoc, 
2503 Eastbluff Dr , Suite 203 , Newport 
Bea ch, CA 92660 . Tel: 714 /644 -6037 

FEB 9 -12- lnternat'I Symposium on Infor­
mation Theory , Santa M onica, Cal if. IN ­
FORMATION: Prof lzhak Rubin or Kung 
Yao , System Science Dept , 4531 Boelter 
Hall , U of South ern Cal ifornia, Los 
Ang eles, CA 90024 . Tel: 231 /825 -2240 

FEB 18-20 - lnternat'I Solid State Circuits 
Conf, Hyatt Hotel, New York, NY . INFOR­
MATION : Lewis Winner , 301 Almeria Ave, 
Coral Gabl es, FL 33134 . Tel : 
305 /446 -8193 

FEB 23-26 - Compcon Spring '81 , Jack 
Tar Hotel, San Francisco, Calif . INFORMA­
TION : Harry Hayman , PO Box 639 , Silver 
Spring, MD 20901 . Tel : 301 / 589 -3386 

MAR 9 -1 2 - Software Engineering lnter­
nat' 1 Cont, San Diego, Calif. INFORMA­
TION : Harry Hayman, PO Box 639 , Si lver 
Spring, MD 20901 . Tel : 301 / 589 -3386 

MAR 1 2 - California Computer Shows, 
Inn-at-the-Park, Anaheim , Calif . INFOR­
MATION : Norm De Nardi, 95 Main St, Los 
Altos , CA 94022. Tel : 41 5 /941 -8440 

I 

MAR 1 6 -1 8 - Industrial and Control Ap­
plications of Microprocessors, IECI '81, 
Sheraton Hotel, Philadelph ia, Pa . INFOR­
MATION : H. Troy Nagle , Dept of Electrical 
Engineering, Auburn U, Auburn , AL 36830 

MAR 23-25 - 0ffice Automation Conf, 
A lbert Thomas Convention Ctr, Houston, 
Tex. INFORMATION : Kate Frye, Office 
·Automation Conf, PO Box 9659 , Ar­
lington, VA 22209, Tel : 703 / 558 -3617 

MAR 23-26 - lnternat'I Conf on Digital 
Communications, Congress Bldg , 
lnternat'I Fair of Genoa , Genoa, Italy. IN­
FORMATION : Manager, Rome Branch of 
Adm inistrative Office , 5th ICDSC , 
Telespazio SPA, Corso D'lta lia 43 , 00198 
Rome, Italy 
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CAL E N DAR 

MAR 24-26 - FOC '8 1 EAST, lnternat ' I 
Fiber Optics and Communications Expo, 
Hyatt Regency, Cambridge, Mass . INFOR­
MATION : Ellen M . Bond, Information 
Gatekeepers , Inc, 167 Corey Rd , 
Brookline , MA 02146 . Tel : 
6171739 -2022 

MAR 24-27 - Printemps lnformatique, 
Palais des Congres, Paris , France . INFOR­
MATION : Kallman Assocs , 30 Journal Sq , 
J ersey City , NJ 07306. Tel : 
201 /653 -3304 

MAR 30-APR 1 - IEEE lnternat'I Conf on 
Acoustics , Speech, and Signal Processing , 
Sheraton -Atl anta Hotel , A tlanta, Ga . IN ­
FORMATION : Ronald W . Schafer , Dept of 
Electrical Engineering , Georgia Inst of 
T ech, A tlanta, GA 30332 . Tel: 
404 /894-291 7 

APR 3 -5 - West Coast Computer Faire, 
Civic Audito ri um, San Francisco, Calif . IN ­
FORMATION : Computer Faire , 333 Swett 
Rd, W oodside , CA 94062 . Tel : 
415 /851 -7075 

APR 7 -9 - Electro, Col iseum and Sheraton 
Ctr, New York, NY . INFORMATION : Dale 
Litherland, Elect ronic Conventions Inc , 
999 N Sepulveda Blvd, El Segundo, CA 
90245 . Tel: 21317 72 -2965 

APR 27 -29 - IOOC ' 81 (Integrated Optics 
and Optical Fiber Communication). Hyatt 
Regency, San Francisco, Calif. INFORMA­
TION : Barbara Hicks, Optical Society of 
Ameri ca, 1 81 6 Jefferson Place, NW, 
W ashington, DC 20036 . T e l : 
202 /223 -8130 

APR 2 7 -MA Y 1 - Society for Information 
Display lnternat'I Symposium, Grand Hyatt 
Hotel, New York, NY . INFORMATION: 
Lewis W inner, 301 Almeria Ave, PO Box 
343788, Coral Gables , FL 33134 . Tel: 
305 /446-8193 

APR 28-30 - lnternat ' I Telecommunica­
tions Forum, Concorde Lafayette Hotel , 
Paris , France. INFORMATION : Dusty 
Rh odes, Arthur D . Little Decision 
Resources, A corn Park, Cambridge, MA 
02140 . Tel: 61 7 /267 -3456 

MAY 4 -7 - NCC (National Computer 
Conf). M cCormick Place, Chica go, Ill. IN ­
FORMATION : Gerard Chiffriller, 181 5 N 
Lynn St , Su ite 800 , Arlington, VA 22209 . 
Tel : 703 / 558 -3600 

MAY 19-21 - INTELEC ' 81 (lnternat'I 
Telecommunications Energy Conf). Royal 
Lancaster Hotel, London, England. INFOR­
MATION : INTELEC ' 81 Secretariat, The 
Inst of Electrical Enginee rs, Savoy Pl , Lon­
don WC2R OBL, England 

SEMINARS 

MAR 19-20 AND MAY 7 -8 - Data Com­
munications, W orcester Polytechnic Inst, 
Worcester, Mass . INFORMATION : Ginny 
Bazarian, Offi ce of Continuing Education, 
Worcester Polytechnic Inst , Worcester, 
MA 01609. Tel : 61717 53 -1 411 

SHORT COURSES 

MAR 2-4, 4 -6, 5-6, 9 -12, and 16-17 -
Microprocessor Application Design, Ad ­
vanced Micro Dev·ices, Inc, Customer 
Education Ctr , Sunnyvale , Calif . INFOR­
MATION: Advanced Micro Devices, Inc, 
Customer Education Ctr , 490-A Lakeside 
D r , S u n n y v a I e , C A ·9 4 0 8 6 . T e I : 
40817 32 -2400 

MAR 23 -24 - Digital Electronics for 
Automation and Instrumentation; MAR 
25-28 - TRS-80 Radio Shack Microcom­
puter Interfacing and Programming for 
Scientific Instrumentation; AND MAR 
2 5 -28 - Motorola Single Chip Interfacing 
and Programming Using the 6801, 6809 , 
and 6800, Virginia Polytechn ic Inst and 
State U, Blacksburg, Va . INFO RMATION : 
Dr Linda Leffel, CEC , Virginia Tech, 
Bla cksburg, VA 24061 . T el : 
703 /961 -5241 

MAR 24-25 - Custom Integrated Circuits 
and Integrated Circuits for Telecom­
munications, San Francisco Hilton , San 
Francisco, Calif . INFORMATION : Continu­
ing Education in Engineering, U of Califor­
nia Extension, 2223 Fulton St , Berkeley, 
CA 94 720 . Tel: 41 5 /642 -311 2 

APR 6 -10 - Tutorial Week-East, 
Orland o M arriott Inn, Orlando , Fla. INFOR­
MATION : Tutorial W eek-East , PO Box 
639 , Silver Spring , MD 20901 . Tel : 
301 /439 -7007 

Announcements intended for pub­
lication in this department of Com­
puter Design must be received at 
least two months prior to the date of 
the event. To ensure proper timely 
coverage of major events, material 
preferably should be received six 
months in advance . 
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THEDSD440. 
TOTAL DEC® RX02 
COMPATIBILITY, 

AND MORE. 
The DSD 440 is the only alternative to the DEC RX02 that's 

100% software, hardware and media compatible with 
LSl-11 , PDP®-11 and PDP-8 computers, including those 

with extended memory. It can be configured as an 
RX02 for DEC double density or IBM 3740 single 
density recording, or as an RX01 for backward oper­
ating system compatibility. 

MORE 
A 512-byte hardware bootstrap is built into all 

PDP-11 and LSl-11 interfaces. It loads system software 
automatically from either single or double density 

diskettes. Extensive self-testing is DIP-switch select­
able with the " Hyperdiagnostics" that run without being 

connected to a computer. The low profile 5%-inch DSD 440 
features write protection and diskette f_ormatting. 

FASTER 
The optimized DSD 440 microcode increases system throughput 

when using the RT-11 foreground/background monitor. In partic­
ular, the DSD 440 with an LSl-11 runs fill and empty buffer opera­

tions 20% faster than an RX02. 

FOR LESS 
The DSD 440 is the RX02 compat­

ible flexible disk system that combines 
high performance and advanced fea­

tures with fast delivery ... at a lower price. 
For further information , call or write Data 

Systems Design today. A data sheet and 
price list will be forwarded to you 
immediately. 
® Trademark of Digital Equipment Corporation 

EASTERN REGION SALES 
Data Systems Design, Inc. 

51 Morgan Drive, Norwood , MA 02026 
Tel : (617) 769-7620 TWX: 710-336-0120 

WESTERN REGION SALES 
Data Systems Design, Inc. 

2560 Mission College Blvd ., Suite 108 
Santa Clara, CA 95051 Tel : (408) 727-3163 

CORPORATE HEADQUARTERS: Data Systems Design, 3130 Coronado Drive, Santa Clara, CA 95051 
Tel : (408) 727-9353 TWX: 910-338-0249 
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COM""UNICATION CHANNEL 

A Distributed Processing System 
For Military Applications-
Part 4: The Software 

Ralph Mauriello 

Litton Data S ys tems 
8000 Woodley Av.e. Van Nuys. CA 91409 

The first three articles of this series described . respec ­
tively . the system overview , 1 the high speed serial interele ­
ment bus that connects the system nodes, 2 and the design 
approach used for the computers 3 in the distributed pro­
cess ing system developed by Litton Industries for military 
applications . This fourth and f inal article in the series 
discusses the executive software design that was created 
for the system . 

T he first thr\:'\:' requir\:'rn\:'nts listed in the Panel. · 1 )!>')Ex ­
ecutive Software Requirements ... are derived directly 
from the system design as described in the -ystem over ­
view.' while the last two are imposed in order to attain 
the goal of software development cost reduction. System 
initialization requirements include (a) local bootload. to 
load a node that has bootload media within it: (b) system 
boot load. to load the entire system from a single button 
activation: and (c) remote boot load. to load. via the erial 
interelement bus (SIB). a node that does not have 
bootload media. 

Executive support of the monitoring and control func ­
tions includes <.)I!~ initiation and control. periodic status re ­
quests responses. and the transmission of such various 
protocol messages as Acknowledge and Wilco . Software 
is also required to control system reconfiguration in the 
event of node or data bus failures. 

The executive developed for the distributed processing 
system (DPS) had to support existing UYK 20 user pro­
grams in order to ensure minimum development costs for 
new software systems and permit applicability of existing 
user programs to a new system . Also. the executive must 
support development of new user programs that are 
designed for applications using DP - hardware. Since it is 
desirable that the new user programs serve more than 
one system application. the executive must provide the 

14 

necessary support to permit user programs to request 
resources or permit calls to other user programs without 
knowledge of the location of the called resource or of the 
other user program. Combination of these last two re­
quirements minimizes software development costs 
because it permits the use of many existing software 
modules and ensures that the development of new 
modules is applicable to more than one ystem. 

DPS Executive Functions 

The Panel. .. I)!><.) Executive Functions ... summarizes func­
tions resu !ting from the design of the software system that 
satisfy the requirements described above. Although the 
functions in this list resemble those of any executive pro­
Qram. the first four functions are quite different from what 
they would be in a centralized system. The input output 
(f O) and memory allocation functions are implemented 
in a fairly conventional manner. 

While the conceptual design of the functions is de­
scribed. not all of the features are fully implemented. The 
limiting factor in the implementation of the software is the 
hardware demonstration system (see Fig 1) that was built 
for software development. This system contains three 

. node-;. each of which contains a single element. and only 
one of which contains a dual central processing unit 
( Cl>LJ). A more generalized configuration than that of the 
demonstration system is shown in a system that has not 
only elements. but nodes with multiple elements called 
clusters . (See Fig 2.) In a multibus system. the buses in­
terface with each other at the clusters: eg. a 3-element 
cluster may he used to interconnect three SIBs. as shown · 
in Fig'.) 

With reference to Figs 2 and 3. the following definitions 
apply: the SIB interconnects the nodes: a node may con­
sist of one or more elements. a multi-element node is 
called a cluster. and a single-element node is called an 
element: and an element may have one or more CPUs. 
Hardware development of a cluster and a dual-loop 
system is currently under way and verification of the soft­
ware design of the e capabilities awaits completion of the 
hardware. 

Design Approach 

Since the first emulator developed for DPS was a UYK-20. 
it was decided to take SDEX 20. existing executive for the 
UYK 20. and use it as the basis for the DPS executive 
design. Many extensions to its capabilities were added to 
support DPS. Significant weaknesses of SDEX 20 for this 
application are that the program was designed to support 
a single-processor system and that each of the nine dif­
ferent task types requires its own separate scheduling list 
and list maintenance routines. M odifications and / or new 
features were added to SDEX/ 20 to make it applicable to 

a DPS. (conti nued o n page 19) 
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At NEC, we've been working on ~nter technology 
for more than 8Mn years. Whil8 ~'were contemplating 
the possibiHti8$ofthispra,ctlcaf, ~ifllethod, NEC was 
constructing itS first units, getting the ~OOt, improving the 
designs. Bringf.ng Stat&-Of-'the-art to band printer 
controls. Addingserviceabitity. ReftllbU ility. 

Today, NEC offers two band printers'.~ speeds of 300 
and 600 tines per minute. Available nQfJj Mare also reli­
able-now. They jncorporate a technolqgy which is now. The 
band technology. Low..cost, very reDable. E»ttremely flexible. 

A new enhanced-print feature anows the user to change 
speeds under either software or~ eontrols to pro-

duce higher quality printed output. The feature reduces the 
300 LPM speed to 170 LPM, and the 600 LPM rate to 
350LPM. 

NEC's Trimliner printers have never experienced any 
band breakage. They have uptimes 50% higher than the 
competition. Trimliners average less than 30 minutes to 
repair. They're quiet, modular, ultra-cool and available in 
desktop, pedestal-mounted or two models of quiet cabinetry. 

The technology of the 80s in a printer for the 80s from 
NEC-a company that was preparing for this decade and its 
band printing needs while others were just thinking about it. 

NEC's Trimliner band printers. A generation ahead. 

NEC.Go!_ng alter 
the perfei:t ,,,intel'. 

MA 02173, (617) 862·3120 
, MA 02181, (617) 43M140 
OH 45439, (513) 294-6254 
I CA 90045 (213) 670-7346 
GA 30341, (404) 458-7014 



FAIRCHILD 
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Channels in One Logic AnaWzer 
Our LAM 4850 is the only logic analyzer that won't force 
you to buy, borrow or add-on to expand your analyzing capa­
bility to 96 channels. The power is already there. The flexi­
bility is there. With a new channel expansion probe, the 
world's first 48-channel logic analyzer can be easily extended 
to an unrivaled 96 channels. 

Plus multi-level clocking flexibility. 
With three individual memory blocks of 16 channels by 1000 
bits, the LAM 4850 allows simultaneous sampling with up to 
three separate clocks. This gives you a bus demultiplexing 
capability to independently monitor addresses and data. You 
can also disassemble program execution of a microprocessor 
into mnemonic code with this high performance instrument. 

Plus sequential trigger power 
The LAM 4850 has a 4 level nested recognition capability 
easily programmed through a separate menu. This feature 
simplifies debugging a faulty piece of software among several 
nested routines. And the LAM 4850 has the unique Dolch 

trigger trace monitor that gives you a real time read out of 
the completed routines. 
Plus many other features: 
• 1000 bits of recording and reference memory per channel 
• Clock rate to 50 MHz 
• With 96 channels-500 bits of recording and reference 

memory and 10 MHz clock rate 
• Separate menus to set trace, trigger and compare 

parameters 
• 5 ns glich catching 

Binary, hex, octal, ASCII, and timing display 
• Programmability via GPIB and RS-232 interfaces 

Disassemblers and personality probes for all popular 
microprocessors 

Plus sales and service nationwide. 
For more information, contact your nearest representative or 
our manufacturing facility. Dolch Logic Instruments, Inc., 
2180 Bering Drive, San Jose, CA 95131. (800) 538-7506. 
Inside Calif.: (408) 946-6044. TWX 910 338 3023. 

DOLCH 
LOGIC INSTRUMENTS 

REPRESENTATIVES : Austria 02236/ 866310. Belgium 022192451-53. Denmark 02804200. Finland 08090520311, France 069302~80. Germany 08931901-1. Great Britain 0734694944, Greece 0218219470, Holland 040533725, 

Israel 03453151. Italy 024158746, Norway 02356110. Spain 052213199. Sweden 08879490, Switzerland 013632188. East Europe-U.K. 093252121. Singapore 0637944, South Africa 01227739. 
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Fig 1 DPS demonstrat ion system. Each 
node contains sing le element. Only one 
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Initialization 

The initialization function of SDEX 20 was replaced vir ­
tually in its entirety because of a com pletely new set of 
system startup requirem en ts. System boo tload and 
remote bootload are entire ly new . Local bootload is com ­
plicated by the multiple-CPU configuratio n that th e UYK 2() 

hardware or software design does not permit. 
Designed to permit initialization from any n ode that has 

bootload m edia. the system begins its initializa tion pro ­
cess by activating th e system bootload functi on from the 
front panel of the selected elem ent . A ctivation o f such a 
node causes that node to assum e the SIB controller fun c­
tion . In the demonstration system o f Fig 1. th e display 
element was chosen because th e display is use ful fo r 
system monitoring and contro l. 

A ctivation of the system bootload button initiates a 
startup firmware routine in each o f th e processors within . 
the display element. These execute a microdiagnosti c 
and elect a master CPU to control the bootload fun ction . 
The lowest numbered processor to pass its microdiag­
nostic test is elected master CPU. and th e remainin g pro ­
cessors become · slaves. As in the SIB design. th e m aste r 
CPU function is reassignable to one o f the other CPUs 
should the master fail. Firmware within the elected 
master then p erforms th e boo tload function and initiates 
tape read . co mputes checksums for eac h record to en -

sure correct data entry. and fin a lly turns over control o f 
the master CPU to software. This portion of the initializa ­
tion function examines the element configuration table to 
determine the expected configuration of this element . 
Since the element configuration table of the demonstra­
tion system indicates that a second CPU is resident in this 
element. the next function is to start up the slave CPLI. 

The master CPU reserves a space for the dedicated 
memory of the slave CPU. places the starting address o f 
slave CPU dedicated memory into a prespecified word in 
local memory (word 2). and then sets a "startup com­
mand" bit in local memory for the slave CPU. The soft­
ware in the master CPU then goes into a wait loop until a 
"CPU up" bit is posted by the software executing in the 
slave CPU. After execution of its microdiagnostic (initiated 
by pushing the button) the slave CPU enters a loop which 
contin ually tests the startup command bit. Upon sensing 
the presence of the startup command bit. posted by the 
master CPU. the slave CPU transfers the starting address of 
its dedicated memory into its dedicated memory pointer 
register . All refe rences to a CPU's dedicated memory are 
offset by the address value in the dedicated memory 
pointer register. This permits each CPU to have private 
dedicated memory for executive functions . As im­
plemented. all CPUs execute the same code (single -copy 

(coritinued on page 20 ) 
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reentrant) and have private control files . Firmware then 
passes control to software at an address contained in a 
prespecified location of the dedicated memory area of the 
slave CPU. Software now executing in the slave CPU posts 
the "CPU up" bit to inform the master CPU that software is 
up and running in the slave CPU. The display element of 
Fig 1 is now initiated and assumes the SIB controller func ­
tion. When there is more than one slave processor in the 
element, the remaining slave processors are initiated by 
the master CPU in a similar manner. 

The next function of the initialization software is 
bootload and initialization of the general purpose and 
mass memory downloop elements. Performed by the SIB 

controller software module within the executive, this 
function starts up the bus and , after ensuring enough 
delay for synchronization of all downloop nodes, broad­
casts a remote master reset message to all of the 
downloop elements. The SIB interface hardware at each 
of the downloop elements detects the remote master 
reset message and resets the entire element. In the 
general case, the reset function, whether executed by a 
button activation on the front panel or the reception of a 
remote master reset message over the SIB, will cause all 
CPUs in an element to execute the microdiagnostic and 
then elect the master CPU of the element. In the 
demonstration system, the election of a master CPU is 
performed , and the CPU in each down loop element is the 
master. The firmware bootload routine in the master CPU 
of the downloop element then composes a status 
message for transmission back to the SIB controller, and 
prepares to receive the bootload record f~om the SIB. 
Functions described above are performed by all 
downloop elements. The status message contains infor­
mation regarding the configuration of the downloop 
element . 

Reception of the status messages by the SIB controller 
node permits it to compare the received configuration 
messages with the expected configuration of the system 

20 

CLUSTER 

SERIAL INTERELEMENT 
OR INTERCLUSTER BUS 

as defined by the element configuration tables (one for 
each element in th~ system) . Assuming all nodes are 
operable and in the expected configuration, the SIB con­
troller software now extracts the appropriate bootload 
records for the first downloop element and transmits 
them via the SIB to the local memory of the downloop 
element. Reception of the bootload records and error 
checking are performed by firmware in the master CPU of 
the downloop element. Any record received with an er­
ror in it is discarded. The response message indicates the 
action taken, thereby causing the SIB controller to 
retransmit the previous record. After completion of the 
bootload function, the firmware transfers control of the 
master CPU to software. The initialization software, exe­
cuting in the master CPU, then determines if other CPUs 
within the element need to be initialized, performing the 
required function (s) if necessary. Finally, a message is 
transmitted to the bus controller node to indicate that 
software is initialized within the down loop element. 

Upon receipt of this message, the bus controller per­
forms the initialization function for the next downloop 
element. The process is repeated until all elements are 
loaded and the system is initialized. In the general case, 
the downloop nodes may contain clusters as shown in 
Fig 2. In each of the clusters shown, there is an element 
not tied directly to the SIB. In these cases, initialization 
software provides the capability to bootload and initialize 
such an element through the use of the common memory 
via the memory management system. The software 
modules that the element requires to be loaded are 
placed in common memory by software running in the 
element tied to the SIB. The firmware of the master CPU 
within the element to be loaded recognizes lack of an SIB 

connection and lack of bootload media and, therefore, 
goes by default to the common memory to extract the ini­
tialization routines . Control is then turned over to 
software. 

(continued on page 27) 

Fig 2 Generalized SIB in­
terconnecting multiple 
elements and clusters. 
Element is single-element 
node; cluster is multi­
element node 
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The two-board, 
1/2 megabyte 

• nucrocontputer. 

Our HP 1000 L-Series now offers state-of- I/ 0 traffic to separate processors located on each 
the-art 64K RAMs. They're the reason we've been interface board. This means each 1/0 processor has 
able to put 512 kilobytes of memory on just one its own direct memory channel-and direct access 
63;4" x 11" board. to the entire main memory. So you get exceptional 

With the CPU on the other board, the I/O performance and greatly increased throughput. 
L-Series opens a whole new dimension in micro- Choose your configuration. 
computers. Because with so much memory in so 
little space, you have more system flexibility than . - ··---~Th_e=H=71P· 1000 L-Series comes in a wide range 
ever before. In fact, you'll be able to adapt . ~ of board, box and system pack-
the L-Series for just about any size ages. Which means you'll be able 
job-and any kind of application. to choose the configuration that's 

best for your application. Devel-Including communications, data _ · · .. ·' ,, _,,,. . _ . ~ -- .. ·: ,,, 
~fi ·~71 '~1-t':!:f , opment units are available at 

· management and process _L~-~~ . Yi .' . $13,250* for the CPU and a full 
control. L:?~ · ,1 ~#~~!0 . . _. · 1/2 megabyte of memory. 
Big software 
for small hardware. 

You may have to remind 
yourself that the L-Series is "only" 
a microcomputer. With powerful software features 
like our multi-programming, multi-user RTE oper­
ating system and language support that includes 
Assembler, FO~TRAN 4X, BASIC and PASCAL, 
there's almost no limit to the high performance 
products you can build. Especially if you take 
advantage of our proven data base management 
system and networking software-also upwardly 
compatible throughout the entire HP 1000 line. 

Multiple 1/0 processors, too. 
The L-Series is designed with an innovative 

If a two-board, 1/2 megabyte 
microcomputer sounds like what you've 

been looking for, come in for a hands-on 
demonstration. Just call the nearest HP 

sales office listed in the White 
Pages. Or write for more informa­
tion, and a copy of our new OEM 
catalog, to Hewlett-Packard, Attn: 
Joe Schoendorf, Dept. 1286, 
11000 Wolfe Rd., Cupertino, CA 
95014. 

F//;9 HEWLETT 
.:~ PACKARD 

distributed intelligence architecture that assigns *Price is us. list. 22007 HPDS41 
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One board, one bus, one way 
envirorunent for the '80s. 

With Motorola MC68000 VERSAmodules, a 
single board offers all the functional versatility of 
competitive 16-bit systems at a fraction of the cost. 

With VERSAmodules and the powerful VERSAbus™ 
interconnect, there's maximum utility, expand­
ability, reliability and maintainability for a 
wide range of industrial, communication, lab auto­
mation and general business applications in one 
optimized system. 

With the complete VERSAmodule family of circuit 
boards, system software, packaging and accessories 
the microcomputer system engineer can apply the 
power and versatility of the MC68000 MPU at a 
high level of system integration. 

With VERSAmodules, you're into the '80s and 
beyond. 

Most Powerful Microcomputer 
The VERSAmodule Monoboard Microcomputer 

flagships the VERSAmodule family. Combining 
an MC68000 MPU, full VERSAbus interface, 
multiprocessor capability, substantial ROM/RAM, 
serial and parallel I/O and timer/counter functions, 
it's easily the most powerful single-board micro­
computer yet offered. For designs requiring up to 

128K bytes of ROM and RAM, plus two 
high-speed serial channels (up to 19.2K baud) 
and 40 lines of parallel I/0, this single board meets 
all system needs. Competitive approaches require 
two to four boards for the same capability, and, 
inevitably, more cost. 

Total Software Environment 
Many 16-bit applications, particularly in higher­

performance, control-oriented areas, require a 
realtime, multitasking environment for efficient 
operation. By combining the ready-made RMS68K™ 
multitasking system software package with your 
VERSAmodule-based system, you can save the man­
months of effort necessary to develop a system 
capable of managing resources efficiently in real 
time. Time and money saved can be used to apply 
your expertise to development of application 
programs. 



to a total, 16-bit systeID 
VERSAinodules: 

New Generation Bus. 
Supporting a mixture of 8- to 32-bit MPU archi­

tectures with high-speed transfer rates, VERSAbus 
offers a flexible, economical system bus ideal for 

' 

industrial automation, communications or general 
business applications. VERSAbus is incorporated 
in the VERSAmodule chassis/card cage backplanes 
and willingly accomodates multiple processors. 
Designed-in ease-of-use for tomorrow's upgraded 
systems saves money by obviating major hardware 
and software redesign. 

Inherent Reliability/ 
Maintainability. 

VERSAmodule products support an unmatched 
level of system integrity. This includes reliability 
of the MC68000 with its advanced architectural 
features such as exception-processing and 
interrupt handling. These allow for graceful 
handling of common system problems such as bus 
error, illegal instruction, divide-by-zero, privilege 
violation, spurious interrupt, etc. This "soft-failure" 
capability alerts operating personnel and, in many 
cases, allows recovery before critical failure. 

Reliability ofVERSAbus-based systems is 
enhanced through power-fail detect and self-test 
features. AC-fail and power-down indication allow 
saving critical data in non-volatile memory through 
power outages. Self-test minimizes down-time by 
allowing manually-initiated self-test, when a 
problem is suspected, with failed boards indicated 
by on-board fault indication lights. 

Versatile Development Support. 
Unparalleled ease and efficiency in software 

development for VERSAmodules is yours through 
EXORmacs™ - a third generation 16/32-bit 
development system with state-of-the-art hardware 
architecture, advanced operating software and 
self-test capability. Pascal, FORTRAN and structured 
macro assembler allow choice of the language best 
suited to needs. A versatile, CRT-oriented text 
editor speeds up program preparation and modifi­
cation. And a flexible linkage editor permits mod­
ular, top-down system development. 

Again, less design time, lower cost and an earlier 
product operation date for a better bottom-line 
result. 

Send for a new VERSAmodule 
brochure. Motorola 
Semiconductor Products, Inc., 
P.O. Box 20912, 
Phoenix, AZ 85036 or call 
(602) 244-5714. 

Take a big step into the 
'80s with Motorola 
VERSAmodules. 

Innovative systems 
through silicon. 

® MOTOROLA INC. 

·-----------------------• TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036. I 
I 73CD1/81 I 

Please send me information on VERSAmodules. 1 
I Name I 
I Title I 
I Company I 
I Address I 
: City I 
I State ZIP I 

-----------------------· 2 5 



• 
After you compare* features and performance ... then look at • 
price. With the Digi-Data Model 2516 KSR printer terminal, • 
you get more value at 16 to 30% lower cost.** 

For that Receive Only application, our 2511 RO provides similar 
advantages. And once your Series 2510 is installed, you have the 
reliability of fewer components with no cooling fan required ... 
and the serviceability of a single board controller. 

After you compare, we know you'll be convinced ... 
the Digi-Data 2516 is "FIRST IN VALUE". 

-!I! 
OIGl-DATA 
CORPORATION 

-.....,.. 8580 Dorsey Run Road, Jessup, MD 20794 
- (301) 498-0200 

----· , .. , ... First; In Value 

·specifications and pricing obtained from vendor literature for comparably equipped units . 

.. Substantial OEM quantity discounts available. 

~=============================================================================== 

• 
• 
• 
• 
• 
• -

Pr~nt~ng TerM~na1 

VALUE COMPARISON 

DIG I - DATA TI Ta11y 
2516 820 T1612 

SPEED 150-200 150 160 
[Characters/sec) 

Width 21 - 9 .. 26 - 0 .. 25 - 5 .. 
SIZE Depth 1 a _ 5 " 21 - 0 •• 27 - 0 .. 

He i t,ht a _ 5 " a_ 2 •• a _ 5 " 

WEIGHT [lbs) 39 40 69 

t\a x i"u"' 
BAUDRATE 19200 9600 9600 

EXTENDED • e.UFFER Yes No Yes - CAPAe.ILITY 

HP 
2635B 

180 

25 - 2 .. 
23 - o•• 

a - s " 

56 

9600 

No 

-• PRICE $2150 - $2545 - $2605 - $3950 ----- DIGI - DATA CORPORATION 
---F~rst ~n Va1ue! 

~~~-~~-& T---~--1 ~~LUC co~~~RI&O~ 

7 ?. ,..,, " 

4 :, r, ·-

I 2 ~ • , 
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In a multibus system , the buses are tied together in 
clusters (Fig 3) . Assuming bus 1 contains the node at 
which the system bootload functiof! was initialized , ele­
ment A will be bootloaded as described previously . Once 
bootloaded , its initialization software determines , by in­
vestigating its configuration table, that two other elements 
are part of this cluster and must be initialized. The other 
two elements in the cluster are initialized via common 
memory , and each of these elements in turn becomes the 
SIB controller for its respective SIB (element B for SIB 2 
and element C for SIB 3) . These elements provide the SIB 
controller functions which initialize their respective SIBs 
and bootload all their downloop nodes. Forwarding of 
the required programs from the bootload media at the SIB 
controller of SIB 1 to element A, into common memory of 
the cluster , and from there to the appropriate SIB for 
bootloading of its downloop elements follows. 

A key feature of the initialization software is control and 
selection of which CPU (in a multi-CPU element) will 
handle the various 1/0 devices that are tied to the ele­
ment. Since all 1/0 interface cards are tied to the intra­
element bus (IEB) , as are all CPUs , any of them can handle 
any of the 1/0 devices . Control is implemented by the 
AMD 29i4 chip , which provides tnaskable interrupts. A 
new instruction was defined to permit control of this fail­
safe feature . 

Interrupt Processing and Task Scheduling 

In the DPS interrupt processing and task scheduling func ­
tions , all but one of the currently defined tasks in the 
SDEX/20 executive have been retained. The message task 
type of SDEX/20 has been replaced in the DPS implemen­
tation by a function entitled "standard message task. " 
The DPS standard message task contains the SDEX/ 20 
message task as a subset to provide compatibility with ex­
isting user programs. 

The message handling function developed while im­
plementing the standard message task is probably the 
most important function developed for the DPS software. 
It provides the major mechanism for communication be­
tween applications programs . Messages are addressed by 
program module number without knowledge of the 
physical location of the program module . Software 
module X can send a message to software module Yin 
any processor within the system. 

The task scheduling function of both source and 
destination processors , in cooperation with the inter­
processor communication functions described below , 
automatically routes the message to module Y. When 
moduie X wishes to send a message to module Y it uses a 
module number to address the message. Module Y may 
be assigned to the same CPU as that to which module X is 
assigned , to another CPU within the same element , to a 
CPU within a different element within the same cluster , to 
a CPU that is somewhere downloop , or to a CPU in a dif­
ferent SIB. The local copy of the executive contains tables 
that indicate which of the various processors in the con­
figuration contains module Y . If module Y is not assigned 

SIB I 

SIB l / F 

MEMORY 
MANAGEMENT 

ELEMENT A 

COMMON MEMORY 

SIB l / F · SERIAL INTERELEMENT BUS INTERFACE CARD 
T / R · NODAL TRANSMIT / RECEIVE ASSEMBLY 

Fig 3 Three-element cluster interconnecting three SIBs. 
Buses interface with each other at clusters in multiple-bus 
system 

to the requesting CPU, an appropriate message is com­
posed and sent to the executive of the CPU that does con­
trol module Y. 

In a multiple-loop system, all modules that ate not con­
tained within the loop are labeled as external to the loop 
by the module number routing table, and these messages 
are routed to the bus exit node . In Fig 3 , for example , the 
cluster shows three elements, each of which operates as 
the bus exit node for its respective SIB. If the original re­
quest for module Y was made in SIB 1, element A ex­
tracts the message from the SIB, moves it into common 
memory , and, assuming that the message was for a node 
in SIB 2, alerts element B. The software module routing 
table in the bus exit node of SIB 1 need not know in which 
node of SIB 2 module Y resides-only that module Y is 
assigned to SIB 2. Element B of the duster will have in its 
software module routing table the address of the SIB 2 
node that does contain module Y. The multiple-loop ap­
proach is merely an extension of that which has already 
been implemented in the single-loop system. 

The importance of this single modification , standard 
message task function, to the SDEX/ 20 executive cannot 
be overemphasized . The capability of user programs to 
call resources and/ or pass messages to other user pro­
grams without knowing the physical location of the recipi­
ent of the call or message greatly re~uces software 
development costs for all future systems. This feature also 
permits the partitioning of existing single-processor 
systems: user programs call for the executive , and the ex­
ecutive assigns the task to the same CPU. Standard 
message task function permits partitioning of such func­
tions into physically distributed processors without modi­
fying existing user programs. This is mandatory if move-

(continued on page 28) 
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ment from existing centralized systems to distributed pro­
cessing systems is to proceed in an evolutionary , rather 
than revolutionary , manner. 

Interprocessor Communications 

The DPS design requires four interprocessor communica­
tion methods : intra-element , interelement/ intracluster , 
intra-SIB, and inter-SIB. Intra-element communication ex­
ists between two processors within the same element. In­
terelement / intracluster communication takes place be­
tween two processors in different elements of the same 
cluster. Intra-SIB communication is between two pro­
cessors of two different nodes (elements or clusters) that 
are connected to the same SIB. Finally , for multiple-bus 
configurations , inter- SIB communications provide 
message exchange between two processors that reside in 
different elements and in different SIBs . The first two 
modes listed above have already been implemented ; the 
remaining two await development of cluster and dual-SIB 
configuration . Hardware and firmware design have ad­
vanced such that extensions of existing software design 
will permit implementation of these added capabilities . 

Intra-element and interelement communication uses 
software to construct the messages , and firmware and 
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Com~ct 
Cooling 

Power 

Buehler miniature brush less DC fans meet OEM product 
cooling requirements for optimum performance and compact 
design (2.443" sq. x 1.791" deep). Model 69.11 .2 is a natural 
for computer peripheral equipment, electronic test systems, 
power supplies, communications equipment, optical systems 
and other high packing density products. Long service life. 
Quiet operation. Permits temperature regulated air flow. 
Available off-the-shelf. Get all the facts on these cool little 
performers from Buehler Products. Complete specifications 
available on request. 

FHP permanent magnet DC motors 
Miniature brushless DC fans 
Miniature gear motors 

BUEHLER PRODUCTS INC., P.O. BOX A, HIGHWAY 70 EAST, 
KINSTON, NORTH CAROLINA 28501 , (919) 522-3101 
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hardware to interpret two new instructions : intra-element 
interrupt and interelement interrupt. Intra-element inter ­
rupt is performed by firmware that activates the intra­
element interrupt line of the !EB. With the exception of 
the initiating CPU, all CPUs .yvithin the element are inter­
rupted , and a 6 -step"' l .44-µ.s firmware routine examines 
a prespecified location in its dedicated memory to deter­
mine whether the interrupt is for its CPU . If it is , the inter­
rupt handler is called ; if not , control is returned to soft­
ware without software awareness of the interrupt. 

Interelement interrupt causes firmware in the source 
CPU to send a special code to the memory management 
unit indicating an interelement interrupt and specifying 
the element number within the cluster to be interrupted . 
The memory management card connected to the initi ­
ating element passes the signal via the common memory 
bus to the memory management card that interfaces with 
the destination element. The receiving memory manage­
ment card activates the interelement interrupt line. Firm ­
ware in all CPUs within the element then examines a 
prespecified location in common memory to determine 
whether its software should be interrupted . Intra-SIB and 
inter-SIB processor communications are implemented by 
executive software use of the standard message task 
described earlier. 

SIB Interface 

Three major functions provided by the SIB hi'.lndling por­
tion of the DPS executive are SIB protocol , SIB 1/0 han ­
dl~ng , and SIB controller function . The first two of these 
functions are replicated in every element connected to 

· the SIB. The SIB controller function need to reside only in 
those nodes that are required to perform that function . If 
the currently assigned SIB controller fails , one of the other 
nodes containing SIB controller software automatically 
becomes the new SIB controller . 

SIB protocol functions include examining the header of 
every received message and generating Acknowledge 
messages and other required responses . The received 
messages are then routed to the task scheduling function 
of the executive by the SIB protocol module . This portion 
of SIB executive software is also responsible for maintain ­
ing a table of messages that are to be transmitted to other 
elements via the bus , as well as retransmitting messages 
for which no acknowledgment was received . Finally , the 
SIB protocol software processes the configuration table 
update messages that are received from the bus con­
troller , ensuring that all elements within the system have 
an updated status of the entire configuration . 

1/0 handling functions of the bus interface software are 
fairly conventional. They include registering tasks for all 
I/ O interrupts received from the SIB, analyzing the status 
words associated with these interrupts , and sending com­
mands to the bus interface hardware to cause messages 
to be received and transmitted . Additional functions con­
sist . of maintaining the buffers of the received messages 
and generating the checksum word for transmitted 
messages . 

The only unconventional feature of this portion of the 
software is transmission of messages to the SIB interface 

(continued on page 30) 
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To take the DEC™ Vf lOO™ terminal and turn it into a 
sophisticated, yet economical graphics terminal. 
Will wonders never cease? Not if Digital Engineering has anything to do with it. We're 
the pioneers in retrofit graphics. And this time we Ve turned DEC's VTlOO alpha­
numerics terminal into a full-fledged graphics terminal that features multiple character 
sizes, dot-dash lines, point plotting, vector drawing and selective erase for quick, easy 
updating of the graphics display. 

We call this transformation The Retro-Graphics™ Enhancement. And while it 
begins with complete emulation of Tektronix® 4010 Series terminals-and compatibility 
with most existing graphics software, including Tektronix Plot 10™ and ISSCO's® 
DISSPLA® and TELLAGRAF®-there is much more to be said for this breakthrough. 
First, graphics are displayed on a 12" (diagonal) green-toned screen at 640 x 480 reso­
lution. Refresh raster scan technology insures a bright, easy-to-read display. And all of 
the features that the DEC VTlOO terminal begins with remain intact, including 96 upper/ 
lower case ASCII characters, up to 132 characters per line, numeric and function key­
pads, detachable keyboard and a wide variety of screen customizing features. 

Retro-Graphics'" 1s a trademark of D1g11al Engmeenng, Inc. DEC'" and VTlOO'" 
are 1rademarks of Dlg11al Equ1pmen1 Corporation Tektronix" and Plot IO'" are 
trademarks of Tektronix lnc . ISSCO,' DISSPLA" and TELLAGRAF"' are 
registered trademarks of Integrated Software Systems Corporahon. 

The Retro-Graphics Enhancement for the 
DEC VTlOO terminal. Whether you are 
looking for continuity with existing 
DEC products, or for a high-quality 
graphics terminal at hundreds less 
than the competition, ours is the 
right idea. For more information, 
write or call. 

~-DIGITAL 
~- ENGINEERING 
630 Bercut Drive, Sacramento, CA 95814 
(916) 447-7600 TWX 910-367-2009 
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hardware for reconfiguration in the event of failures in ad­
jacent nodes or in either of the incoming links . Detection 
circuitry in the ous inte~face hardware notifies this soft­
ware module whenever signal or signal synchronization is 
lost. The software module responds to that input , pro­
vides the software controlled reconfiguration , and per­
mits continued operation in spite of such a failure . 

System control functions reside within the SIB con­
troller software modules , which need only to reside in 
those elements that contain the capability to operate as 
the SIB controller . However , this software may be active 
in only one node in any one bus at a given time. The 
functions of this software include initializing the bus , 
determining the initial status of all of the downloop 
elements , loading the software modules into the 
downloop elements , and issuing initialization orders to 
each of the downloop elements . Once the system has 
been initialized , the bus controller function periodically in­
terrogates the status of all elements on that SIB, updates 
copies of the system tables that reside in the downloop 
elements , and reacts to various bus failures . For example , 

DPS Executive Functions 

Initialization 

Interrupt processing and task scheduling 

Bus interface 

110 handling 

Memory allocation 

DPS Executive Software Requirements 

Support system initialization 

Support monitoring and control 

Support reconfiguration 

Permit use of existing UYK-20 user programs 

Permit user programs to call for resources or ex ­
c hange data without knowledge of the location of the 
ca lled resource or other user program 

the bus controller function not only issues the initial go­
ahead flag , which permits downloop elements to 
transmit , but also continues to monitor that flag to ensure 
that it is maintained within the loop . After appropriate 
timeouts, absence of the go-ahead flag will cause the bus 
controller to reissue the go-ahead in order to reestablish 
bus communication . Failure of the go-ahead to return in ­
dicates that there is a failure somewhere within the loop 
and that a reconfiguration has probably occurred . 

110 Handling 

All DPS 1/0 devices are connected to an element via an 
1/0 interface circuit card. Software 1/ 0 handlers are pro­
vided to deal with each of the peripherals . The 1/ 0 
handlers implemented for the demonstration system (Fig 
1) are tape , display , and SIB. With one exception , 1/ 0 
handler functions are standard : registering tasks to 
handle 1/0 interrupts , analyzing device status words , and 
commanding the device . This added 1/0 handling func­
tion in the DPS permits communications with other soft­
ware modules to perform ~arious functions , also allowing 
applications programs to communicate with devices not 
in their element. A program may format and output data 
to a display in another element . 

Memory Allocation 

Two types of memory , local and common , are defined. 
As· currently implemented , all local memory is accessible 
by all CPUs . However , hardware capability allows a mix­
·ture of shared and private memory for each CPU in a 
multi-CPU element. Consistent with UYK-20 and AYK-14 
architecture , memory is divided into pages of 1024 words 
each . To maximize memory use , pages have been sub­
divided by the DPS memory allocation module into blocks 
of four words each . Any number of blocks may be as­
signed . Each page has eight blocks of header information 
and 248 blocks for storage . 

Summary 

Software developed for the DPS provides three new func ­
tions: complete system initialization by pushing one but­
ton, reconfiguration in the event of node or SIB failure to 
permit continued operation , and the ability of any user 
program to call any other without knowledge of the called 
program location . With the hardware development of the 
dual-SIB system , these functions will be extended to the 
full capability required by the system . 
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MAKING MINIS OUT OF MICROS. 
Here's the system builder's 

solution for successful computers 
and applications. Push in the CCS 
component. Push in the operating 
software. And push on with your ap­
plication. CCS systems and compo­
nents are designed to go together 
quickly, and to keep running reli­
ably, with a proven return rate of 
less than 1 %. 

And you get performance. The 
systems deliver hardware vectored 
interrupts and interleaved DMA data 
transfers with rates as high as two 
megabytes per second, plus " virtual 
like" bank select memory of up to 
512K bytes. This 8-bit system pro­
vides single user, multiuser, and 
multitasking capability with ample 
speed to prevent operator waiting or 
loss of incoming real-time data. 

The systems are available with 
CP/M or MP/M operating systems. 
For real-time or multiuser applica­
tions, the CCS OASIS real-time 
multitasking operating system sup­
ports re-entrant programs and 
relocatable code modules, with 

O Please have a sales representative I 
call me. 

O Please send more information on I 
CCS Systems and Expansion 
Modules. I 

Name-------------

Company ------------ I 
Address ------------1 
City/State/Zip ---------- , 

Phone : ( 

E California Computer Systems I 

Ill 250 Caribbean Drive I 
Sunnyvale, CA 94086 

_ ...... - - - ~4-08) ~-~ ~ 

facilities for task-to-task communi­
cation, file protection, time-of-day 
bookkeeping, spooling, task overlay, 
dynamic memory management, 
ISAM file structures and device­
independent 1/0. CCS OASIS in­
cludes debug, text editing, linkage, 
and file sort utilities; the system 
supports a host of existing lan­
guages, applications, and utilities 
from a range of vendors. 

Powerful computer systems you 
can configure to your demanding 
requirements quickly, and with con­
fidence. Choose from a variety of 
systems. Expand with CCS board­
level modules for memory, disk con­
trol, high-speed arithmetic, and 1/0, 
plus subsystems for floppy and hard 
disk storage. 

If you sell, install, or use com­
puter systems, you should know 
more about the CCS product line. 
We've got a lot more to tell. Tear 
out and return the coupon for more 
information. Or call. 

CP/M and MP/Mare trademarks of Digital 
Research . OASIS is a trademark of Phase One 
Systems. 
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COMMUNIC ATION CHANNEL 

Systems Architecture, Products Developed 
To Support Information Distribution Networks 

Distributed systems architecture (DSA) 
and a set of system and hardware prod­
ucts designed to operate within the rules 
and protocols embodied in DSA have 
been announced by Honeywell Informa­
tion Systems, 200 Smith St, Waltham , 
MA 02154. The architecture is consistent 
with the reference model of the Interna­
tional Standards Organization open 
system architecture (Fig 1) and supports 
X.25 and X.21 packet- and circuit­
switched network protocols. DSA has 
been characterized by the company as a 
flexible open system and network ar­
chitecture that eliminates the need for a 
hierarchical organization of processing 
elements in a network. 

The product set includes Datanet 8, 
(DN8) frontend network processor (FNP); 
distributed network supervisor (DNS), the 
communications software package for the 
DN8; and distributed system satellite (DSS) 
hardware / software system that runs as a 
satellite processor in a DSA network. 

DN8 handles communications in a DSA 
network for a DPS 8 or Level 64/ DPS host 
computer using GCOS 8 and GCOS 64 
operating systems respectively . Its central 
processor operates asynchronously 
under firmware control. All data transfers 
between elements are via a high speed 
bus at rates to 6M bytes/ s. The DN8 can 
accommodate 2-, 8-, or 16-channel in­
terface bases . Low, medium, and high 
speed terminals, up to 56k bits/ s, can be 
connected . Synchronous and asyn­
chronous and combinations of half- and 
full-duplex modes are also supported. 

The channel interface base accepts up 
to four communication channel interfaces 
in combinations of any two transmission 
types: RS-232-C dual synchronous and 
dual asynchronous, to 9600 bits/ s each; 
HDLC RS-232-C, one channel up to 9600 
bits/ s; HDLC wideband, one channel up 
to 56k bits/ s; and HDLC wideband CCITT 
V.35, one channel up to 56k bits/ s. The 
basic DN8 FNP includes 256k-byte 
memory, diskette, and automatic control 
function, and can be configured with up 
to two channel interface bases. One host 
connection and one 30- or 120-char/ s 
communications console are required. 

DNS is the communications software 
specifically designed for the DN8 FNP and 
with other DSA elements in a communica­
tions intensive data processing network. It 

supports up to four communications 
management functions in the DSA ar­
chitecture as well as terminal manage­
ment in a secondary network attached to 
the network processor. DNS also supports 
public data and value-added networks, 
including X.25 packet-switched and 
X.21 circuit-switched networks . 

DSS hardware/ software system allows 
a Level 6 small computer to act as a 
satellite processor (Fig 2) and to com­
municate with a host computer in the DSA 
network using HDLC protocol on leased 
lines . It can also control a local network . 
One leased line at a time can be used for 
DSS-host connection using point to point 
2-way simultaneous HDLC protocol, 
allowing speeds up to 9600 baud in RS-
232/V 24 interface mode . 
Circ le 321 on Inquiry Card 
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Fig 1 Layered fur)ctional struc­
ture of DSA . Four communications 
management layers are involved in 
data transfer across public or 
private networks . Message 
management layers handle logical 
flow of data between processes . 
A ctivities and application pro­
cesses reside in application layer 
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DISTRIBUTED 
SYSTEM 

SATELLITE 
(DSS) 

SECONDARY 
NETWORK 

Fig 2 Example of 
DSA network. DSS 
is entry level sat­
ellite processor for 
use in DSA net­
work 
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Hybrid Coaxial/Fiber Optic 
Highway Developed for 
Local Data Distribution 

COAXIAL 
CABLE 

PS - POWER SU PPLY 
T - COAXIAL CABLE 

TAP 
P - PERI PHERAL 

COAXIAL CABLE 

POWER 

POWER 
SU PPLY 

DATA 

HIGH PASS 
FILTER 

l 
ELECTRO DPTIC 

___ ..:,:-~r~c~ TRANSMITTER 

ELECTRO OPTICS 

ELECTRO-OPTIC 
RECEIVER 

PERIPHERALS (P) 

Typi ca l system diagram (left) and coaxial tap/ fiber optic assembly (right). E/O 
splitt er/combin er provides means of routing one optica l signal t o/ from seven 
sepa rat e loca ti ons 

The number of remote units that can be 
tapped into a coaxial cable data bus is 
limited by such factors as the load im­
posed by each tap , insertion losses intro­
duced by a large number of taps , power 
handling capability of the driving units , 
and the data speeds involved . In the case 
of a straight fiber optic data bus , the 
number of units that can be connected is 
similarly limited by the optical source 
power output , detector sensitivity , and 
cable/ connector losses . With either of the 
transmission media, satellite devices can ­
not easily be added to a working system 
without interrupting service . 

A combination of interconnecting 
hardware from AMP Inc , Harrisburg , PA 
17105 , and circuitry developed by 
Xycom Inc , 750 N Maple Rd , Saline , Ml 

48176 , enables implementation of a 
hybrid coaxial/ fiber optic data highway 
that offers relief from these limitations . 
The configuration, designed for baseband 
coaxial systems , incorporates a coaxial 
tap , suitable for both 50- and 75-Q cables . 
that makes mechanical and electrical con­
tact by clamping to the main coaxial 
cable. Spring loaded probes pierce the in ­
sulation and contact the center conductor 
while two sets of ground springs pierce 
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the cable jacket and contact the braid . 
This arrangement allows the bus to be 
tapped with no service interruption since 
there is no need to cut the main cable. 
The tap can also be removed and 
relocated without damaging the cable . 
Capacitive loading of less than 3 pF 
allows a many taps on a single bus . 

The tap houses a PC board that con­
tains the high impedance electro-optic in ­
terface circuitry . Power is derived from 
low voltage power carried on the coaxial 
cable itself. Electrical signals are con ­
verted to optical signals at the tap loca­
tion ; routing of up to seven fiber optic 
links from each tap by using a passive 
fiber optics splitter I combiner allows ac­
cess to up to seven remote peripherals 
from a single tap . 

In a typical system , a coaxial cable up 
to 5000 ft (1525 m) long carries TTL com­
patible 1.544M-bit/s data together with 
low voltage power for the electro-optical 
interface circuitry . Using the 7-way fiber 
optics splitter I combiner , 19 coaxial taps 
can service up to 133 satellite sites , and 
each of the seven 140-µm fiber optic 
cables can carry signals up to 1 km from 
the tap location . 
Circ le 322 on Inquiry Card 

ALABAMA: Huntsville, Hall-Mark Electronics, 4900 Bradford Dr. , 
Huntsville, AL 35807, (205) 837-8700. 

CALIFORNIA: Costa Mesa, Tl Suf ply, 3186-K Airway Dr., Costa 
Mesa , CA 92626, (714) 979-539 ; Glendale, R.V. Weatherford , 
6921 San Fernando Rd ., Glendale , CA 91201 , \213) 849-3451; Los 
Angeles, R.P.S., 1501 South Hill St ., Los Ange es , CA 90015, (213) 
748-1271; Palo Alto, Kierulff Electronics, 3969 East Bayshore Rd ., 
Palo Alto, CA 94303, (415) 968-6292; Santa Clara, United Compo­
nents , 2520 Mission College Blvd , Santa Clara , CA 95050 , (408) 
496-6900; Sunnyvale , Tl Supply, 776 Palomar Ave., Sunnyvale, CA 
94086, (408) 732-5555. 

COLORADO: Denver, Arrow Electronics, 5465 E. Evans Place , Den­
ver, CO 80222 , (303) 758-2100. 

CONNECTICUT: Wallingford, Arrow Electronics, 12 Beaumont Rd ., 
Wallingford , CT 06492, (203) 265-7741 . 

FLORIDA: Clearwater, Diplomat/Southland , 2120 Calumet , 
Clearwater, FL 33515, (813) 443-4514; Ft. Lauderdale , Arrow Elec­
tronics, 1001 NW 62nd St. , Suite 108, Ft . Lauderdale , FL 33309, 
(305) 776-7790; Orlando, Hall-Mark, 7233 Lake Ellenor Dr., Or­
lando, FL 32809, (305) 855-4020. 

GEORGIA: Norcross, Arrow Electronics, 2979 Pacific Dr. , Norcross, 
GA 30071 , (404) 449-8252. 

ILLINOIS: Arlington Heights , Tl Supply, 515 West Algonquin Rd ., 
Arlington Heights, IL 60005, (312) 640-2964 ; Bensenville , Hall­
Mark, 1177 Industrial Dr., Bensenville , IL 60106, (312) 860-3800; 
Elk Grove Village, Kierulff Electronics, 1536 Landmeir Rd ., Elk 
Grove Village, IL 60007, (312) 640-0200; Schaumburg, Arrow Elec­
tronics, 492 Lunt Avenue , Schaumburg , IL 60193, (312) 893-9420. 

INDIANA: Indianapolis, Graham Electronics, 133 S. Pennsylvania 
St. , Indianapolis, IN 46204, (317) 634-8202. 

IOWA: Cedar Rapids , Deeco, 250016th Ave . SW, Cedar Rapids, IA 
52406, (319) 365-7551 . 

MARYLAND: Baltimore , Arrow Electronics , 4801 Benson Ave ., 
Baltimore, MD 21227, (301) 247-5200 . 

MASSACHUSEITS: Billerica, Kierulff Electronics , 13 Fortune Drive , 
Billerica, MA 01865 , (617) 667-8331 ; Burlington , Wilshire Elec­
tronics , 1 Wilshire Rd ., Burlington , MA 01803, (617) 272-8200; 
Waltham, Tl Supply, 504 Totten Pond Road , Waltham , MA 02154 , 
(617) 890-0510; Woburn, Arrow Electronics, 96D Commerce Way, 
Woburn , MA 01801 , (617) 933-8130; Time Electronics, 400 New 
Boston Park, Woburn , MA 01801, (617) 935-8080 . 

MICHIGAN: Ann Arbor, Arrow Electronics, 3810 Varsity Dr. , Ann Ar­
bor, Ml 48104 , (313) 971-8220. 

MINNESOTA: Edina , Arrow Electronics, 5230 W. 73rd St. , Edina, 
MN 55435, (612) 830-1800. 

NEW JERSEY: Camden, General Radio Supply, 600 Penn St. , Cam­
den, NJ 08102, (609) 964-8560; Clark, Tl Supply, 301 Central Ave. , 
Clark , NJ 07066 , (~01) 382-6400; Clitton, Wilshire Electronics, 
1111 Paulison Ave ., Clifton, NJ 07015, (201) 340-1900; Moores­
town, Arrow Electronics, Pleasant Valley Ave ., Moorestown , NJ 
08057, (609) 235-1900; Saddlebrook, Arrow Electronics , 285 
Midland Ave ., Saddlebrook, NJ 07662, (201) 797-5800. 

NEW YORK: Hauppauge, Arrow Electronics, 20 Oser Avenue , Haup­
pauge , NY 11787, (516) 231-1000; Freeport, Milgray Electronics, 
191 Hanse Ave., Freeport, NY 11520, (516) 546-5600; Melville , 
Diplomat, Inc., 110 Marcus Dr. , Melville , NY 11747, (516) 454-
6400; Rochester, Rochester Radio, 140 W. Main St. , Rochester, NY 
14603, (716) 454-7800. 

OHIO: Beachwood, Tl Supply Co ., 23408 Commerce Park Rd. , 
Beachwood , OH 44122, (216) 464-6100; Dayton , ESCO Elec­
tronics , 221 Crane St. , Dayton , OH 45403, (513) 226-1133; Solon, 
Arrow Electronics , 6238 Cochrane Rd ., Solon , OH 44139, (216) 
248-3990. 

OREGON: Milwaukie, United Components Inc., 5687 S.E. Interna­
tional Way, Suite 1, Milwaukie, OR 97222, (503) 653-5940. 

TEXAS: Dallas, Component Specialties , 10907 Shady Trail , Dallas , 
TX 75220, (214i 357-6511 ; Hall-Mark, 11333 Pagemill Dr., Dallas , 
TX 75243 , (214 234-7300; Houston, Component Specialties , 8181 
Commerce Par Dr., Suite 700, Houston , TX 77036, (713) 988-
2070; Harrison Equipment, 1616 McGowen, Houston, iX 17004 , 
(713) 652-4700; Tl Supply, 9000 Southwest Frwy., Houston , TX 
77036, (713) 778-6530; Richardson , Tl Supply, 1001 E. Campbell 
Rd ., Richardson , TX 75081 , (214) 238-6802. 

UTAH: Salt Lake City, Diplomat, 3007 S. West Temple , Suite C, Salt 
Lake City, UT 84115, (801) 486-4134. 

WASHINGTON: Seattle , Almac/Stroum Electronics , 5811 Sixth 
Ave. , S. , Seattle, WA 98108 , (206) 763-2300. 

CANADA: Montreal, CESCO Electronics, 4050 Jean Talon West , 
Montreal , QuebecH4P 1W1 , (514) 735-5511 . F 
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Program 9900 µPs in half the time. 
AMPL lab and 16-bit Pascal. 

The Texas Instruments time savers. 
The AMPL* microprocessor prototyp­
ing lab can shorten overall program de­
velopment time by 30 to 60%. For exam­
ple, correcting an error in a 1000-line 
program on a typical assembler can take 
30 minutes. For the AMPL user: less 
than a minute. 

The AMPL lab is a complete set of 
software and hardware development 
tools for Tl's 16-bit 9900 Family of mi­
croprocessors and TM990 microcompu­
ter modules. Pascal, Fortran and Tl's 
Power Basic high-level languages are 
available as options. 

Improves productivity 
Carefully planned, mature and field 
proven, the AMPL lab boosts program­
ming output. Contributing to its 
productivity: 
• Programmability - Using a Pascal-

like command language, the AMPL lab 
can be programmed with complex test 
and debugging sequences. Locating 
problems is automatic. A line-by-line 
assembler and disassembler make 
quick fixes easy. 

• Real-time emulation - Checks pro­
grams on the spot, step by step. No 
wait states, full execution speed. 

• Logic-state trace - Rapidly es­
tablishes breakpoints, traces ad­
dresses and data. 

• Microprocessor Pascal - Adding Tl's 
Microprocessor Pascal to the basic 
AMPL lab provides a complete system 
including source editor, compiler, host 
debugger, configurator, native-code 
generator, and run-time support. 
The AMPL lab is also easy to use. Self­

prompting, menu-driven, load-and-go. 

More cost-effective uses 
For even greater cost effectiveness, the 
AMPL lab can be used for product main­
tenance in debugging systems returned 
from the field. To help with incoming in­
spections. As a word processor to gener­
ate documentation. 

Incorporating Tl's 990 minicomputer, 
the AMPL lab is backed by nationwide 
service. 

See the AMPL lab save time. Ar­
range a demonstration with the Dis­
tributor Field Applications Engineer 
at the S~rstems Center nearest you (see 
listing at left). Ask for a copy of the 
AMPL brochure, CL-461. ~ 
Or write Texas Instru- •n 
men ts Incorporated, U/ 
Box 1443, MIS 6404, 
Houston, Texas 77001. 

TEXAS INSTRUMENTS 
• Trademark of Texas Instruments Incorporated 

© 1981 Texas Instruments Incorporated I NC ORPORATE D 
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ram out a 
Integrated 

Signetics' new IFL Series 20 maximizes design flexibility, 
lowers power dissipation, and cuts parts count. 

Integrated Fuse Logic is Signetics' answer to TTL 
logic replacement. With our versatile IFL family, you 
can turn almost any logic design into hardware with 
just a handful of programmable parts. You'll save 
design time, reduce inventory, and improve system 
performance in the process. 

Our new IFL Series 20 packs superior performance 
into 20-pin, PAL-compatible DIPs. Besides offering 
I/O structures and AND arrays that are fully pro­
grammable, the IFL Series 20 gives you unique 
features that maximize both design flexibility and 
cost effectiveness with only three standard architec­
tures: FPG A, FPLA, and FPLS. 

For starters, each IFL Series 20 device uses 815 
milliwatts, maximum. That's 30% less power at the 
same speed than comparable field programmable 
elements. Lower power means greater reliability. 

And thanks to open collector output options, IFL 
Series 20 lets you synthesize functions with greater 
complexity and faster switching speeds. 

Series20 
FPGA FPLA FPLS' 

82S154/155 
DEVICP 82S150/151 82S152/153 82S156/157 

82S158/159 

ORGANIZATION AND AND/OR REGISTER 
AND/OR 

INPUTS1 18 16 

OUTPUTS1 12 10 12 

PRODUCT TERMS 12 32 

PROGRAMMABLE AND Array ANO, OR ANO, OR, 
FEATURES I/ 0 Polarity Arrays; 110 COMPLEMENT Arrays; 

and Direction Polarity and 1/0 Polarity and Direction; 
Direction Flip-Flop Type; 

OUTPUT ENABLE 

SPEED4 (max) 30 ns 40 ns 15 MHz 
POWER4 (max) 815 mW 

PACKAGE 20-pin, 300-mil DIP 

AVAILABILITY 2081 NOW 3Q81 

1 Device number designates respectively X4, X6, and X4 registered output configurations. 
2 Open collector or three-state output versions available for each device. 
3 Maximum configuration. 
4 Commercial range. 
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Fuse&ogic. 

You also get programmable output polarities to 
eliminate the need for external parts. Because each 
IFL device lets you program both active high and 
active low outputs. 

With the IFL Series 20 logic array (FPLA) and 
logic sequencer (FPLS), you'll achieve higher speeds 
and greater logic density via programmable "OR" 

Series 28 i I I I I iii hi ill 
FPGA FPLA FPRP FPLS 

8281021103 828100/101 82$106/107 828104/105 

AND AND/OR REGISTER 
AND/OR 

16 

9 8 

9 48 

AND Array AND, OR Arrays; AND, OR Arrays; AND , OR, 
1/0 Polarity 1/0 Polarity INPUT Polarity COMPLEMENT Arrays; 

INPUT Polarity 

35 ns 50 ns 70 ns 11 MHz 

895 mW 945 mW 

28-pin , 600-mil DIP 

NOW 

arrays. These allow you to "edit" logic functions even 
after delivery of systems to the field by just 
reprogramming spare gates. 

Moreover, the Series 20 FPLS allows you to: 
•Save 1/0 pins and minimize AND gates with on­

chip complement array. 
• Optimize AND gate allocation in counting, shift­

ing, and data buffering applications with program­
mable J/K, D, or T flip-flop options. 

•Save AND gates and free package pins for con­
trol functions with bi-directional flip-flops that can 
handle 1/0 bus data, or convert to direct input mode. 

• Use synchronous clocking together with asyn­
chronous flip-flop preset and clear for clock override 
or initialize functions. 

• Gain additional programming capabilities­
including Boolean equation entry with standard 
programmers. 

Programming the IFL family is simple. Many stan­
dard PROM programmers selectively open fusible 
links on our IFL parts. Intact fuses couple all logic 
blocks for the desired function. 

IFL Series 20 now complements our field-proven 
IFL Series 28, specially designed for high-end 
applications demanding greater 1/0 capability. 

Find out how you can program flexibility into your 
next logic design with IFL Series 20, Series 28-or a 
combination of both. Write us today. Or contact your 
nearby Signetics sales office or authorized 
distributor. 

Signetics Corporation, 811 E. Arques Avenue, P. 0. 
Box 409, Sunnyvale, CA 94086. (408) 739-7700. 

!ii!JDDtiC!i 
a subsidiary of U.S. Philips Corporation 

Multiple Technologies from 8 Divisions: 
Analog , Bipolar Memory, Bipolar LSI , 
MOS Memory, MOS Microprocessor, 
Logic, Military, AutomotivefTelecom 

:ro: Signe tics Publication Services, 8 11 E. Arque~ A 1 .. 
P.O. Box409, MS27, Sunnyvale CA 94086 >._ 

Please send me more details on your: D IFL Seri~s 20 
D IFL Series 28 D FPGA 0 FPRP 0 FPLA D FPLS 
0 My need is urgent; have an applications specialist phone 
meat once: ( ) _____________ _ 

Name _____ ___ Title _______ _ 

Company _ ______ Division ______ _ 

Address _ __ ~ ________ MS __ _ 

City _______ _ State~ _ _ Zip ___ _ 
CD181 
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Port Concentrator Optimizes 
Channel Capacity Use 
In Univac Systems 

• ' •••• ~ •• ~ ll 
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Univac compatible true port concentrator. 
Device can operate in either remote or 
local mode for either computer port or ter­
minal cluster 

Unlike port limited time division 
multiplexers and statistical concentrators, 
model 871 true port concentrator , de­
signed specifically for Univac computers, 
allows free interface with a mix of ter­
minals , including hard copy and CRT 
devices , at various speeds. It enables a 
single Univac system port to support 31 
nodes of 8 drops each , for a total of 248 
devices . Data rates of the terminals can 
range from 110 to 19.2k bits/ s, and com­
munication with the computer system is 
via UTS 400 protocol . 

The port concentrator is a product of 
Kaufman· Research Manufacturing , Inc , 
14100 Donelson Place , Los Altos Hills , 
CA 94022 . It supports any number of 
ASCII devices , including special or 
nonstandard terminals . The concentrator 
uses three modules : controller , power, 
and line interface module(s) (LIM) . Once 
the basic concentrator is in place , ports 
can be added by installing additional LIMs. 
Since no terminal interacts with any 
other , performance is not affected by ex­
panding the number of terminals . 

Each LIM provides selectable baud rates 
and line protocols . The interface is selec­
table, RS-232, DTE, or DCE. The concen­
trator chassis is 7 x 17 x 12" (18 x 43 x 
31 cm) , mounts power supply and con­
troller I converter , and has space for up to 
eight LIMs . Power requirement is 115 ± 
10% Vac , 47 to 63 Hz, 115 W. 230-Vac 
operation is an option . The company has 
also introduced model 870 port concen­
trator that provides similar capabilities for 
IBM 3270 protocols. 
Circle 323 on Inquiry Card 

Interactive Test System 
Provides Extensive 

ia nos ic and Analyse 

Interactive test system INTERVIEWR 4500 for 
data communications protocol diag­
nostics includes features designed for 
packet protocols and SNA, plus detailed 
frame analysis of HDLC and SDLC. Bisync , 
async , IPARS, EBCD, XS-3, Selectric , and 
EBCDIC are also standard in the unit. The 
system is from Atlantic Research Corp , 
5390 Cherokee Ave , Alexandria , VA 
22314, and uses an advanced version of 
the self-teaching trigger technique in­
troduced in the company's INTERVIEW 
3500 programmable data analyzer (Com ­
puter Design , Jan 1980, pp 32-33) . 
Since it is unnecessary to learn an instruc­
tion set to program a test , minimal 
operator training is required . 

A functionalfy labeled and color-coded 
keyboard , self-teaching menus , and train­
ing tapes facilitate operation of the 
system . The CRT displays all micro­
processor prompted menu choices with 
all unnecessary or conflicting selections 
deleted . Major features of the system in ­
clude emulation of host , terminal , and 
node . Network performance measure­
ments performed by counters and timers 
can be viewed in real time . An integral 
tape stores test results plus 600k data 
characters . The analyzer contains a slot 
for an optional 128k-byte RAM capture 
memory for 56k-bit/ s recording . 

The system is capable of simultaneous 
search for multiple strings of 16 
characters each . Four bit masks per string 
permit search and analysis of specific bit 
configurations . 16 user definable transmit 
messages are available . 

Present users of the company's 3500 
analyzer are offered a field conversion kit 
to change it over to a fully operational 
4500 system . Data tapes are directly inter­
changeable . 

INTERVIEW 4500 . Graphic display guides 
user in ent ering t im ing relat ionship be­
tween data and interface leads 

Circ le 32 4 on Inquiry Card 

Communications Processor 
Distributes Intelligence 
Throughout Data Network 

A family of processors for management of 
remote networks, ICOT 257 series permits 
the distribution of intelligence and control 
functions via its microprocessor-per-line 
architecture and special bus system called 
ICOBUS™. The bus , plus a firmware 
library , handles incompatibilities in code , 
speed , and protocol. Protocols that may 
currently be exchanged through the bus 
include Bisync , Uniscope , ASCII TTY, 

X.25/ HDLC, SNA/ SDLC, PARS, and P1024. 
Others are available on request. 

The processor, developed by 
Microform Data Systems, Inc , 830 
Maude Ave, Mountain View, CA 94043 , 
performs all routine network manage­
ment functions operating as a remote net­
work processor . These functions include 
polling , message editing and processing , 
queuing , priority scheduling , diagnostics , 
error recovery , statistics gathering, and 
security . 

A line concentrator function buffers 
data from incoming lines for retransmis­
sion at high speeds over a lesser number 
of designated output lines . The processor 
accommodates data rates to 9600 bits/ s , 
and the standard unit can handle up to 
13 full duplex 1/0 lines. 

A message switching function selec­
tively routes data to other attached ter­
minals , any of several hosts , any other 
processor on the network, or to an exter­
nal network . Network terminals and pro­
cessors can access incompatible hosts and 
nodes. 

·Providing migration to SNA/ SDLC and 
other integrated network architectures , 
the processor series supports network 
segments using asynchronous and syn­
chronous protocols simultaneously with 
segments that have been converted to bit 
oriented protocols such as SDLC or HDLC. 
This can extend the useful life of existing 
terminals that are incompatible with new 
networks . 

Series firmware is in three levels. 
Physical control level handles all physical 
character interrupts and executive func­
tions ; a second level handles message 
protocols ; the third, or application level , 
is modified as needed to meet the code 
exchange, routing , and special process­
ing requirements of each application . 

Hardware for the processor series in­
cludes 48k RAM system memory and tim­
ing boards, and up to 13 communications 
processor boards. Each board has 6k to 
12k bytes of P/ ROM and/ or ROM, 2k bytes 
of RAM, an interrupt processor, and a 
serial line interface. 
Circle 325 on Inquiry Card 
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Your RAMs are getting denser. Your soft 
error rate is getting higher. And you're 
getting a headache. 

Soft errors, alpha particles, system 
crashes, hard errors. Take it easy. Relax. 
There's a simple solution. 

Introducing the Ami960 
Error Detection and 

Correction (EDC) Unit. 
The Am2960 EDC corrects single-bit 

errors and detects double-bit errors. It's 
easily expandable from 16-bits wide to 32 
or 64 bits. Its worst case speed is an amaz­
ing 34ns detect, 64ns detect and correct! 
And best of all, it's available right now. 

You want byte operations? You got 'em. 
You need initialization, error logging and 
diagnostic capabilities? No problem. The 
Am2960 gives you all the functions of 25 
to 50 TTL packages on one chip. 

And if you're worried about the data path, 
don't be. Our slim 24-pin Am2961 and 
Am2962 EDC Bus Buffers solve the com­
plete interface problem between the RAM, 
the EDC unit and the system data bus. 

There's just no easier, cheaper, faster way 
to find and fix errors than the Am2960. 

Bipolar LSI: 
The Simple Solution. 

Our new Am2960 family of bipolar LSI 
and interface dynamic memory support 
devices will help you maximize your sys­
tem's performance and reliability, minimize 
its chip count and cost. 

And you won't find higher quality parts. 
Since the day we opened for business we've 
given every single part we make 
MIL-STD-883. For free. 

Get the Am2960 Error Detection and 
Correction Unit. It'll be good for your system. 

Advanced Micro Devices ~ 
901 Thompson Place, Sunnyvale, CA 94086 · (408) 732-2400 

Right, From The Start. 

CIRCLE 24 ON INQUIRY CARD .41 
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Minicomputer System Adds 
Adapter for 
Communications Functions 

Communications capabilities have been 
added to the F/ 4000 minicomputer system 
introduced last year (Computer Design , 
May 1980, p 267) by Formation Inc , 823 
East Gate Dr , Mt . Laurel , NJ 08057 . The 
F4700 communications adapter allows the 
computer to act either as a host or a node 
in a network of systems in a distributed 
processing environment. Functionally 
equivalent to IBM's 4331 communications 
adapter , it emulates IBM 270X SDA Type ll 

and supports standard IBM software . 
The adapter allows the movement of 

programs as well as data . It operates with 
a synchronous RS-232-C/V .24 modem , 
supplied by the user , on each of two 
9600-bit/ s ports. Switched or private 
line , point to point or multipoint con ­
figurations are supported . Local Bisync 
terminals can be attached with no need 
for a modem . 

Each adapter allows two communica­
tion lines with an aggregate data rate of 

19 .2k bits/ s max to be connected to the 
minicomputer system . Each line appears 
to the system as a subchannel of the byte 
multiplexer channel . The adapter oc­
cupies one standard slot in the minicom­
puter backplane , and up to eight adapters 
can be supported by the system. Two 
adapters attached to a single modem via 
EIA switches provide redundancy . 

Single board design uses minimal hard­
ware implementation ; virtually all 
protocol-specific functions are micro­
coded , and the microcode is loaded into 
writable control store on power-up . 
Maintenance microdiagnostic is another 
microcode feature . Executed at system 
power-up under control of the system 
control processor (SCP) , it reports any 
detected problems to the SCP, which 
takes the communications adapter offline 
and notifies the operator . 
Ci rc le 32 6 on Inqu iry Card 

Alarm Panel Automatically 
Detects RS-232 Circuit 
Fault Conditions 

Digital alarm panel 5977 detects carrier 
failures in point to point networks and 

indicates streaming modem conditions in 
multipoint networks. The device allows 
continuous monitoring of one RS-232 type 
circuit from any one of 16 modems, or up 
to 16 circuits within a single RS-232 inter­
face . If any of the circuit signals exceeds a 
preselected timeout period , an audible 
alarm and visual indicator alert the 
operator to the occurrence of a fault. The 
panel is available from T-Bar Inc, 141 
Danbury Rd , Wilton , CT 06897 . 

Options include selection of MARK and 
SPACE signals for each of the 16 circuits , 
with a timeout period adjustable from 
1 ms to 6 min . This option allows 
specification of the setting of each of the 
alarm indicator points and of how the 
operator will be alerted when line condi­
tions change . The device also allows for 
mixing of different data communications 
circuits that can be monitored from the 
same panel. 

16-circuit complementary panel 5977R , 
also available as an option , allows for 
remoting one or a group of 16 alarm cir­
cuits from each 5977 , and forwarding 
alarm conditions to other operator sites . 

The alarm panel is furnished for rack 
mounting in standard 19" (48 cm) 
cabinets . Interface is for RS-232 signaling 
( - 3 to - 25 V or 3 to 25 V) . 
Circ le 3 2 7 on Inquiry Card 

Quality, reliability and peformance - that's the SAE interconnection sub-system 
story. 

Now that SAE's EMI filters are recognized around the world, isn't it time you 
recognized them? 

• Double and multi-layered PC boards. 

• Press-fit and discrete backplanes. 

• Single and multi-bay card files - all accessories. 

• Edgeboard and IDC connectors. 

• Wirewrapping services - fast delivery. 

• PDQ/DEC-compatible backplanes 

For free catalog on complete Backplanes and Interconnection Sub-systems line, 
circle Reader Service number, or write: 

42 

Stanford Applied Engineering 
3520 De La Cruz Boulevard 

Santa Clara, California 95050 
(408) 988-0700 

CIRCLE 2 5 ON INQUIRY CARD 

All SAE filters are suitable for use in equipment that has been designated by the 
FCC as a computing device and are designed to help meet the new conducted 
emission requirements. 

• Seven filter types to meet every design requirement - General Application, 
High Performance, Switching, Transient, Three-Phase, Connector, Medical 
and Extended Range. Consult factory for custom requirements. 

For tree catalog on complete EMI Filter line, circle Reader Service number, or 
write: 

Stanford Applied Engineering 
3520 De La Cruz Boulevard 

Santa Clara, California 95050 
(408) 988-0700 

CIRCLE 26 ON INQUIRY CARD 



We've Always Offered More Graphics Solutions. 

Now CalComp adds the full line of 
Talos digitizing tablets to what is 
already the most extensive line of 
computer graphics solutions available 
from any manufacturer. 

Talos gives you a wide choice of 
digitizers in sizes from 11" x 11" to 44" 
x 60", with the option to back-light and 
rear-project images. And that's the 
kind of selection you need for your 
varied applications, including pipeline 
layouts, printed circuit boards and 
data reduction. Plus, they can 
accommodate conductive materials for 
digitizing seismographic and well-
head logs. 

Our newest products, the 800 Series 
and the Wedge , both feature 
electromagnetic technology to allow you 
to digitize from conductive materials, 
and to give more precise data input and 
greater data stability. 

The flexible 800 Series with 
MULTIBUS® module lets you use dual 
tablets, dual cursors, and multiple 
interfacing for greatly expanded system 
capabilities. 

The Wedge, designed especially for 
applications using small systems, offers 
end users and OEMs an affordable yet 
highly dependable alternative to 
traditional CRT control devices. And to 
aid operation ease and efficiency, the 
Wedge offers a unique five-degree 
sloped surface. 

The 600 Series, using electrostatic 
technology and incorporating the 
""active inch" principle, is also 
available in a wide range of sizes and 
surface options. 

With 
Talos Digitizers, 
We Offer Them 

All. 

To further expand accuracy and high 
speed performance, we off er SMART 
software packages for the 600 and 800 
Series. SMART provides local 
processing of digitized data to let you 
combine functions and calculations, 
and much more depending on your 
working requirements. 

CalComp for all the alternatives 
in computer graphics. 

CalComp offers full lines of drum , 
flatbed and beltbed plotters; 
controllers; computer output microfilm 
(COM) units, and electrostatic plotter/ 
printers. And, new from CalComp, the 
Graphic 7 display system. 

Plus CalComp support. All CalComp 
products - including Talos digitizers -
are backed by the largest professional 
team of sales, systems and service 
people in the industry- direct from 
CalComp. And our worldwide service 
organization means we can give you fast 
assistance wherever you're located. 

We have all the solutions to your 
graphics needs. Call today to see how 
we can find the right one for you. 

CALCOMP 
A Sanders Graphics Company 

~SANDERS 
California Computer Products, Inc. 
2411 Wes t La Palma Avenue 
Anaheim, California 92801 
Telephone (714) 821-2011 
TWX 910-591-1154 

Graphics Sales O~ces: Tempe, AZ: (602) 894-9468; Orange, CA: (714) 978-7111; Sa nta Cla ra , CA: (408) 727-0936 ; Englewood: CO: (303) 770-1950; o rcross •. GA: (404) 448-4522; Schau mberg, . 
IL: (3 12) 884-0300; Shawnee Mission, KS: (913) 362-0707; Metairie, LA : (504) 833-5155; Waltham , MA : (617) 890-0834 ; Southfield , Ml: (313) 569-3123; Bloomington , MN : (612) 854-3448; St. Louis, 
MO: (314) 863-2711; Woodbridge, J: (201) 636-6500; Fairport , NY: (716) 223-3820 ; Cleveland , OH: (216) .%2-7280 ; Da yton , OH: (5 13) 276-5247; Tulsa, OK: (918) 663-7392; Portland , OR: 
(503) 241-0974; Pittsburgh, PA: (412) 922-3430 ; Way ne, PA : (2 15) 688-340.5 ; Dallas, TX : (2 14) 661-2326; Houston , TX : (7 13) 776-3276; McLean , VA: (703) 442-8404; Bellevu e, WA : (206) 641-1925 
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The new INMOS 
16K static RAM. 

The IMS 1400 is the first product from a new leader in VLSI 
technology, and it's available now. 

INMOS has combined the most advanced VLSI processing and 
manufact uring technologies with a revolutionary approach to statiC 
N-Channel MOS memory design. The result is the IMS 1400: a 16K x 1 
fully static RAM that offers the best combination of performance 
and density available today. 

The IMS 1400 achieves chip enable access times of 55ns and cycle 
times of sons while consuming fess than 120mA of active current 
and 20mA o.f standby current from a single SV ±10% power supply. 
Naturally, it's TTL compatible and is packaged in a 20 pin 300 mil 
ceramic DIP with the industry standard pinout. 

For more information on this new standard of NMOS memory 
performance, the IMS1400, call or write today . 

..,,e.' 

P.O. Box 16000 •Colorado Springs. Colorado 80935 • (303) 630-4000•1WX 910/9204904 
Whitefriars • Lewins Mead • Brist~I 851 2NP •ENGLAND• Phone 44 272 290 861 • TLX: 851-444723 
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2400-Bit/ s Modem Incorporates 
Data Concentrator and ARQ- A 
4-channel concentrator and automatic 
retransmission on error are incorporated 
into the No-Frills™ concentrator modem 
from Micom Systems , Inc , 9551 Irondale 
Ave , Chatsworth , CA 91311. Operating 
at 2400 bits/ s , the modem is designed for 
use in a minicomputer network having 

three or four terminals located at a site 
remote from that of the computer . The 
device operates as a cluster controller 
with built-in modem for Digital Equip­
ment , Hewlett-Packard , Data General , 
and other minicomputer configurations . 
It can be used on standard unconditioned 
leased telephone lines . 
Circle 328 on Inqui ry Card 
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A PERFECT 
MATCH 

Get the 
CRT design 

advantage-match up with Triad. We manufacture 
a full line of standard CRT yokes, flybacks and fila­
ment power transformers, both OEM and replace­
ment components. In all probability we can serve 
your needs from our vast parts inventory. But if 
your requirements are specialized, our profes-

sional team wi 11 custom de­
sign to your specifications. 
Either way, you'll have the 
Triad advantage. 

rn TRIAD-UTRAD 
Litton Distributor Services 

305 North Briant Street 
Huntington, Indiana 46750 
219-356-6500 
TWX 801 -331 -1532 

CIRCLE 29 ON INQUIRY CARD 

Line Driver Provides Economical 
Short Haul Data Transmis­
sion - Operating in point to point and 
multipoint environment , synchronous 
line driver SLD1920 from Intertel , 6 Shat­
tuck Rd , Andover , MA 01810 , provides 
synchronous data transmission at speeds 
ranging from 2400 to 19 .2k bits/ s . It 
operates over local telephone loops or 
twisted pairs , error free , at distances up to 
18 miles (29 km) at 2400 bits/ s . The 
modem uses a coarse bit rate sampling 
technique to handle asynchronous 
devices to satisfy limited distance applica­
tions for both synchronous and asyn­
chronous transmission . Multiple self-test 
functions include remote digital loopback 
for testing the total communication link. 
Ci rcle 3 29 on Inqui ry Card 

Starter Kit Offered for Basic Broad­
band Coaxial Network- To introduce 
potential users to the broadband coaxial 
cable transmission medium for local data 
networks , Amdax Corp , 160 Wilbur 
Place , Bohemia , NY 11716 , is offering a 
starter kit that consists of two data ex­
change interface units (DAXs) , two direc­
tion al couplers (taps) , a channel 
translator , and 100 ft (30 m) of broad­
band coaxial cable . DAX units transmit 
and receive digital signals and superim­
pose the data on an rf carrier . The 
couplers tap a portion of the power from 
the trunk cable onto a drop cable leading 
to a data source . The channel translator 
converts blocks of data transmitted at low 
frequencies to the higher frequencies re­
quired for reception . Kit includes a starter 
guide , glossary of terms , and an installa­
tion manual. 
Circ le 330 on Inquiry Card 

Facsimile Machine Meets CCITT 

Group 1 , 2 , and 3 Specifica­
tions - Desktop digital facsimile 
transceiver 9136 can transmit a standard 
business document anywhere in the 
world in about 1 min , and can also com­
municate with other CCITT-approved 
analog machines operating in the 3 - and 
6-min mode . The device , from 3M , 
Business Communication Products Div , 
Dept BC80-22 , St. Paul , MN 55133 , has 
semiautomatic loading and connects to 
the dial-up network through a standard 
modular telephone jack . The transceiver 
measures 7 .5 x 17 .5 x 21.0" (19 .0 x 
44 .5 x 53 .3 cm) and weighs 35 lb 
(15 . 75 kg) . The system will be available 
sometime in 1981 . D 
Circ le 331 on Inqui ry Card 
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fiber optic system 
with multi-drop capability 

Versitron's new fiber optic data 
distribution system provides all of .handles the features of fiber optic transmission 
while maintaining a cost effective edge over 
a conventional hardwire unit. The system 
provides a direct full duplex link to the CPU 

connector directly to the terminal ; 
or, for terminals located some 

distance away, through a separate 
parallel data fiber optic link . 

port for 16 terminals from several 
different locations - all over a sin­
gle fiber optic cable pair! 

Flexible Configuration The exact 16 
channels 

system configuration - the number of 
remote units and the number of 

channels/unit - is totally depen­
dent on the individual site require­

ments. Additionally, the system configuration 
may be changed at any time simply by 

swapping circuit cards. 

Multi-Drop Multiplexers The heart 
of the system is Versitron 's new multi-drop 
multiplexer. This equipment consists of a 
central unit, located at the CPU , and several 
remote units located throughout the local 
distribution network. The central unit 

of 
local 

distribution 

The system is designed to operate 
with any combination of synchronous or 

asynchronous terminals up to a maximum 
of 19.2 kbps for synchronous 

or 9600 baud for asynchro­
nous. The built-in diagnos­

tics include the ability of the 

operates as a conventional 
time division multiplexer; 
providing an aggregate ( 16 
channel) interface to the 
local distribution network over a fiber optic 
cable pair, and 16 EIA interface parallel data 
channels to the CPU. Each of the remote 

data central unit to command a remote channel 
loop-back without affecting traffic on the 
remaining channels and a complete front 

panel status display. units is assigned a number of channels. Each 
unit continuously adds its assigned channels into 
the proper time slots on the transmit aggregate 
signal and withdraws the channel data from the 
receive aggregate signal. Once the parallel data 
is recovered it may be brought through an EIA 

~ 

Versitron, Inc. installed its first fiber optic link 
utilizing a multiplexed data technique in the early 

1960's. Since that time we have sold over 19,000 
fiber optic links covering a wide variety of require­

ments for military and commercial applications. 

VERSITROM 
Versitron , Inc. 6310 Chillum Place N.W. Washington, D.C. 20011 (202) 882-8464 
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Rem ex Head 
No Extravagant Clai111s. 

Remex RFD2000 Single Head Flexible Disk Drive 



Floppy Disk 
Just Performance. 

Write or Call for Specifications and Delivery. 

,--------------------- - - - --
c 0 C · 1733 East Alton Street Ex- ell- orporat1on Post Office Box Cl9533 

REMEX DIVISION Irvine, California 92713 
(714) 957-0039 
TWX: 910/5%-1715 

For fast response information on Remex Flexible Disk 
Products attach business card or write: 

Name ____________ Title ____ _ 

Company ________________ ~ 

Address _________________ _ 

City _________ State __ Zip, ____ _ 

Phone __________________ _ 
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TECHNO LOGY REVIEW 

Dyadic Design and Dense Logic 
Contribute to Improve Processor Performance 

The 3081 Processor Complex offers users 
high performance , improved availability , 
and compact size that stem from paired 
processors and densely packed logic cir­
cuits . International Business Machines 
Corp , Data Processing Div , 1133 
Westchester Ave , White Plains , NY 
10604, announced this achievement 
concurrently with a 3033 Model Group S, 
expanded main memory on the 3033, and 
enhancements to MVS/ SP, all of which 
boost power and range of the large 
systems. 

The processor complex offers 16M , 
24M, or 32M characters of main storage 
and has 16 or 24 integrated channels . 
Maximum aggregate data transfer rate is 
72M char I s. Most direct access storage 
devices used with other large IBM pro­
cessors can be attached . 

Within the processor complex , two 
distinct processors-in a dyadic or paired 
design - operate at a cycle time of 26 ns 
under the system's control program . In 
addition to providing high performance, 
the dyadic design improves availability , 
since either processor can assume the 
other's workload . 

Computational functions are provided 
by more than 750k logic circuits con­
tained in four compact packages , each 
measuring approximately 2' square and 
3" thick . The system offers up to twice 
the internal performance of the 3033 and 
significantly reduces space , cooling , and 
power requirements . 

The processor complex uses highly in ­
tegrated bipolar logic technology that 
operates at speeds of 1 to 2 ns . Produced 
by the master slice , or gate array method , 
the chips are customized using electron 
beam technology to connect the three 
levels of wiring on the chip's surface . Up 
to 704 circuits are contained on each 
chip . (Logic chips used were developed 
at facilities in East Fishkill , NY, and in 
Essonnes , France .) 

As many as 118 of these chips are 
sealed in a module , approximately 5" 
square by 2 " . Metal pistons press lightly 
against each chip and convey heat to a 
metal plate which is in contact with a cir­
culating chilled water system . Inside the 
module Qointly developed by groups in 
East Fishkill and Poughkeepsie , NY) 
chips are fixed on a ceramic carrier. Each 
carrier has up to 33 layers and about 
400 ' of internal wiring for signal inter­
connection and power distribution . 
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Modules are mounted on a high per­
formance multilayer circuit board 
(developed in Endicott , NY, facilities) 
that provides power and signal distribu­
tion functions previously requiring a 
number of separate cards , boards , and 
cables. For rapid servicing, modules can 
easily be removed from the board and 
replaced . 

The concurrently announced 3033 pro­
cessor, model group s doubles the inter­
nal performance of the 3031 processor 
and can be upgraded at customer's loca­
tions to 3033 models , allowing users to 
triple system capacity. The processor is 
available with six channels and 4M or 8M 
characters of main storage . Machine cycle 
time is 57 ns . 

Circuit module used in IBM's 3081 pro­
cessor complex contains as many as 11 8 
logic chips providing total of 45,000 cir­
cuits. Within module, spring - loaded 
pistons in contact with each chip convey 
heat through metal plate to circulating 
chilled water system. Modules plug into 
multilayer circuit boards which permit 
more than 7 50k logic circuits to be housed 
in 4 ft 3 

Extension of maximum main storage 
for 3033 processor and attached processor 
models improves performance by keep­
ing more data readily available. This ex­
pansion from 16M to 24M characters of 
addressable main memory also increases 
system flexibility . 

Enhancements to multiple virtual 
storage/ system product release 1 and an 
MVS/ SP release 3 provide programming 
support for the 3081 and the recently an­
nounced 3375 direct access storage 
device. Release 3, which includes all 
functions available in release 2, offers im­
proved system performance, reliability , 
and availability . 

The 3081 , with 16M characters of data 
storage , will be generally available starting 
in the fourth quarter of this year . Models 
with 24M and 32M characters of storage 
will become available in the first quarter of 
1982. A 3081 processor complex , which 
includes processor , processor controller , 
power unit, coolant distribution unit , and 
systems and operators' consoles , with 16 
channels and 16M char of main storage , 
has a price of $4 ,046,240 . A 24-channel 
32M-char complex has a price of 
$4 ,596 ,240. 
Circle 3 50 on Inquiry Card 

2.5G- and 571 M-Byte 
Disc Drives Added to 
IBM Compatible Line 

Large capacity direct access storage 
devices and a data streaming feature for 
solid state disc have been announced by 
Storage Technology Corp , 2270 S 88th 
St , Louisville , CO 80027 . The 8380 stores 
more than 2 .5G bytes of data , is fully 
compatible with IBM's 3380, and attaches 
to the equivalent of any IBM 370/ 158, 
370/ 168, or 303X processor. The 8370, a 
571 .3 M-byte drive , is fully compatible 
with the 3370 and requires no software 
migration for current users . 

The 2-spindle 8380 has two indepen­
dent actuators per spindle (each with its 
own support electronics) and provides 
capacity per actuator of approximately 
630G bytes . A media interchange switch 
allows each spindle to be accessed via 
either set of support electronics. Data 
transfer rate is 3.0M bytes/ s, and average 
seek time is 16 ms. The unit is available 
with optional dual-port and fixed heads . 

The 8370 is a single-spindle device with 
two independent actuators with separate 
electronics . Media interchange switch 
allows actuators to be switched between 
either set of electronics . Formatted with a 
fixed block architecture , the unit has a 
data rate of 1.86M bytes/ s. Average seek 
time is 20 ms. Units are available with op­
tional dual ports and string switching . 

The addition of data streaming channel 
support for the 4305 solid state direct ac­
cess storage device allows its use in either 
data streaming or 2-byte wide transfer 
mode . This allows a 3M-byte/ s transfer 
rate to be attained . 
Circle 3 51 on Inquiry Card 
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Now you get more extras when you 
pick the new dot matrix printers by 
C. Itoh. Choose the Comet 80-column 
printer and get the extra benefits of 
four character sizes and paper-saving 
print compression. Choose the Comet 
II 136-column printer and receive the 
added extra of a full-width computer 
size printer that accommodates paper 
widths to 381 mm (15"). 

Both the Comet and Comet II also 
offer the rare combination of low cost 
and high performance. Both models 
operate at an efficient 125 cps bidirec­
tional print speed and in a 9 x 7 
dot matrix. 

C. Itoh's Comet series has the 
extra advantage of a unique mul­
tilingual capability with a selec­
tion of four different alphabets: 
English, German, Japanese and 
Swedish. Other special character­
istics include a programmable 
VFU (Vertical Format Unit) plus 

self-test diagnostics. For your opera­
tor's convenience, there's easy bottom 
or back paper loading, and both 
Comets use a standard low-cost nylon 
ribbon. Plus our printers already meet 
1981 Class A FCC, UL, and fire safety 
requirements. 

If all that wasn't enough, Comet 
and Comet II are plug-compatible 
with all major printers in the industry, 
meeting standard parallel serial inter­
face specifications. Our printers are 
backed by C. Itoh's warranty and a 
nationwide field service organization. 

And as a final, all important extra, when 
you choose either printer from C. ltoh 
you get immediate off-the- shelf delivery. 

So if you want the highest quality at 
the best price, look into the extras the 
C. Itoh Comet and Comet II printers 
offer. You'll get a lot more than you bar­
gained for. For more information, con­
tact C. Itoh Eectronics, Inc., 5301 
Beethoven Street, Los Angeles, CA 
90066; Tel. (213) 390-7778. Chicago 
Office: 240 E. Lake Street, Suite 301-A, 
Addison, IL 60101; Tel. (312) 941-1310. 
New York Office: 666 Third Ave., New 

York, NY 10017; Tel. (212) 
682-0420. Dallas Office: 17060 
Dallas Pkwy., No. 108, TX 75248; 
Tel. (214) 596-2974. 

~C.ITOH 
ELECTRONICS, INC. 

One World of Quality 
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ComputerAutomation has just 
what you need to cut a path through 
to your computer solutions. 

You need compatibility? We've got it, with 
software compatibility from SCOUT through 
our 4/90. And I/O compatibility across the 
family, from the 4/10 through the 4/95. All with 
up to 128K Bytes of directly addressable 
memory. And up to 8 megabytes of physical 
memory for the 4/95. 

ou want software and development tools? 
We've got all the operating software to get you 
up and running. 

You demand reliability? We've got a track 
record of success in applications as diverse 
as automated bank tellers, aircraft control simu­
lators, blood analyzers, laser welders and 
missile tracking systems. 

Best of all, it's all part of Cft:s OEM philo­
sophy that says to protect our profitability, 
we've got to protect yours. Which means com-

~.NAKED MINI, SCOUT, ISOLITE and ComputerAutomation are trademarks of Computer Automation, Inc . 



petitive prices, a hassle-free software policy, 
timely dehveries and the best warranty in 
the business. 

We've got everything you'll need to battle 
your way out of the OEM jungle. 

And the path out begins on the right. 

PIM ComputerAutomation 
\:::::!/\\ NAKED MINl@Division 

Where OEM's come first. 
18651 Von Karman, Irvine, California 92664 

Company ________ Title ______ _ 

I Address, _________ City ______ _ 
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TECHNOLOGY REVIEW 

Elastomeric Connector 
Joins Circuit Planes 
Using Pressure Alone 

Cambiflex, metal to metal elastomeric con­
nector system developed by Cambion, 
consists of cylindrical core wrapped with 
thin flexible circuit which carries parallel 
conductors that interconnect correspond­
ing patterns pressed against it 

CAMBIFLEX is a reliable metal to metal 
elastomeric connector system employing 
microminiature connections that join two 
parallel or perpendicular planes of cir­
cuitry by pressure alone . Developed by 
Cambion, 445 Concord Ave , Cam­
bridge, MA 02238, the connections re­
quire no soldering , bonding , or use of 
large space-consuming bodies and 
associated hardware , and can be used to 
maximum advantage for flat flexible 
cable, discrete components, thumbwheel 
switches , and subassembly modules . 

The connection consists of a noncon­
ducting elastomeric core with parallel 
lines of gold-plated copper conductors on 
a thin flexible film. When compressed 
between two parallel planes , the metal­
lized lines around the circumference in­
terconnect the circuitry on each plane 
with guaranteed contact redundancy. 
The main function of the elastomeric core 
is to provide the force for a reliable con­
nection; a secondary function is to serve 
as a resilient backing to increase the con­
tact area (when under compression) and 
accommodate surf ace irregularities. 

With a vertical or horizontal housing 
molded in 30% glass filled Noryl , the 
fixed connector assembly provides a 
latching facility when used with the cable 
connector . The cable connector assembly 
is self-latching into the vertical or hori­
zontal housing of the fixed connector 
assembly. Flat flexible polyester insulated 
cable is available l /1 (2 .54 cm) wide with 
9 or 17 conductors. Cable assemblies are 
available in standard overall lengths of 

54 

5 .9 , 11 .8 , 17.7 , or 23 .6 11 (14 .9 , 29 .9 , 
44 . 9 , or 59 . 9 cm) . Adapter boards are 
rigid glass epoxy , 0.063 11 (1.600 mm) 
thick, and are patterned , drilled , and 
plated to accept DIL ICs up to 16 pins on a 
0 .300 11 (7 .62-mm) pitch. Working 
voltage is 150 de or ac , with 1-A recom­
mended maximum working current . 
Contact resistance is 20 mO typical , and 
insulation resistance is 105 MO min at 
85 V . 
Circle 352 on Inquiry Card 

Multi-User Computer System 
Balances Power Using 
Independent Processors 

ECHO system 8020 can be expanded up to 
256 independent users without significant 
impact on system throughput. To ac­
complish this , Echo Communications 
Corp, 1708 Stierlin Rd , Mountain View , 
CA 94043 , distributed independent 
microprocessor modules throughout the 
system to maintain an even balance of 
computing power . 

The basic system uses three 
microprocessor modules . One processor 
module handles the mass storage func­
tions, while pairs of processor modules 
perform the terminal and general com­
puting functions for up to four users . 
Other features are four independent user 
terminals , 20M bytes of disc storage , a 
standard 8 /1 (20-cm) floppy disc drive for 
software interchange , and a cartridge 
tape backup device . User terminals 
feature a detached keyboard and 15 /1 

(38-cm) video display providing over 
3000 software definable characters and 
graphics. 

System components and operating 
system software enable the computer to 
continue to operate when one or more of 
the system components fail. In multiple 
processor systems , each processor 
automatically assumes a portion of the 
work load . Multiple processors and OMA 
controllers operate at up to 6 MHz and 
transfer data in 8-, 16-, and 32-bit 
groups . A system supports multiple 
RS-232 standard data communication 
lines . The system bus also enables inter­
bus asynchronous communication data 
rates of lM bytes between system buses . 
The Echo Net provides intersystem com­
munication via single conductor cable to 
remote locations . 

The system is easily configurable and 
may be expanded by combining multiple 
6-MHz Z80 processors and 16-bit 86000 
processors in a single system to share the 
work load . A single processor can ad­
dress up to 16 . 7M bytes of RAM in one 

'enclosure. The Echo Bus interface con-

troller enables each system card cage to 
communicate with additional cages . 
More than one bus interface controller 
can be used with an additional Echo bus 
to increase system reliability . Data can be 
transmitted through the computer at over 
lM bytes/ s. 

The ECOS operating system allows 
modular expansion and fault tolerance 
simply by adding another processor to a 
system bus or multiple processors in 
multiple buses . Oise and tape devices can 
be incorporated anywhere in the system 
to ensure fault tolerant performance . An 
added benefit of the system modularity is 
that a failure in any user processor 
module will affect a maximum of four 
users without bringing down the entire 
system . Future options allow addition of 
redundant database modules to provide 
even more failure resistant operation . 
Circle 353 on Inquiry Card 

VLSI Tester Capable 
Of Handling 120 Pins 
At 20-MHz Rates 

Offering capability for testing devices hav­
ing up to 120 pins at full 20-MHz test 
rates , model 120 of the Sentry series 20 
family is a high speed general purpose 
VLSI test system. In the unit , Fairchild 
Camera and Instrument Corp , Test 
System Group , 1725 Technology Dr , 
San Jose , CA 95110, provides com­
prehensive testing for a broad range of 
engineering and production applications. 

The system is based on a multipro­
cessor architecture , and uses lOk and 
lOOk ECL throughout all formatters , tim­
ing paths , and pipeline and local memory 
sections to enhance system speed. MOS 
and bipolar memories , microprocessors , 
and peripheral chips that run as fast as 
20 MHz , and static RAMs , bit slice micro­
processors, and microprogrammable 
controllers that run faster than 20 MHz 
can be fully characterized by multiplexing 
pins . 

A 24-bit wide data bus in the system's 
FST-2 CPU allows communication at OMA 
speeds for maximum throughput. 
Because of its 1/0 speed , the computer is 
available for program development or 
data reduction most of the time . Memory 
capacity is 196k 24-bit words , and a fast 
fixed head disc is included for further pro­
gram storage capacity expansion . 

The 20-MHz sequence processor can 
generate millions of 0I 1 and format con ­
trol test vectors for functional testing of 
microprocessors and peripheral control 

(continued on page 56) 
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HOW TO COPY THE 
MICROPOLIS 8" RIGID DISK DRIVE. 

It's bound to happen sooner or later. Someone will decide to copy 
our 8" rigid disk drive. n happens to all industry-standard products. 

So we're going to save someone the trouble and tell exactly how we 
built our 8" drive. But we're not worried. Because, frankly, we don't think 
anyone else will want to go to the trouble we did to give you such a product. 

First of all, our family of 8" rigid disk drives (9 to 45 megabytes) 
comes with features you simply can't find in the competition's products. 
Such as our low-cost intelligent controller board, designed to allow swift 
integration into your existing system. . 

In addition to low power dissipation and fastest access time, we 
also included a Quartz-locked, direct-drive, brushless DC motor. We gave 
our rigid disk a braking mechanism, too. It extends the life of the disk by 
not allowing the head to act as the brake. That's a longer disk life for you, 
and a higher MTBF in the critical clean area. Next, we included our 
balanced rotary voice coil positioner, which, together with the closed-loop 
servo, absolutely protects against unexpected jolts, bumps, and spocks 
during write operations which might otherwise result in off-track writing. 

We enclosed the heads, platters, and positioner assembly in a 
sealed clean area. No other drive has all active components outside the 
clean area, for easy access and maintenance. So we can offer the longest 
drive warranty in the business. 

All this adds up to unprecedented quality, reliability, and stability. 
And our 8" rigid disk fits into the exact same space as an 8" floppy drive -
they even use the same screw holes. 

So if you want the best 8" rigid disk drive, call us. We deliver. 
If you want to try and copy it, good luck. You'll need it. 

MICRO POLIS™ 
21329 Nordhoff Street 

Chatsworth, California 91311 
(213) 709-3300. Telex 651486 
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TECHNOLOGY REVIEW 

devices. Its 16 1/0 registers , 16 mask 
registers, and 16 functional invert 
registers provide flexibility for exhaustive 
testing of future complex logic devices. 4k 
words of local memory allow storage of 
the necessary patterns without data 
breaks. The pattern processor also runs at 
20 MHz , allowing testing of high speed 
memories up to 65k x 18 bits . 

An enhanced timing system offers 
156-ps resolution for accurate placement 
of edges when measuring ac parameters 
of high speed devices. Its 16 timing 
generators can program up to 32 in­
dependent edges. Each edge can be 
changed during test execution to any of 
16 different values to provide added flex i­
bility in measuring ac parameters . 

Operating system software perm its 
testing in foreground along with program­
ming in the background . The FACTOR 

testing language can be used to write 
device programs, and a large library of 
utility programs speeds device de­
bugging. 
Circle 355 on Inquiry Card 

DISTRIBUTED BY I 

ARROW E LECTRO N ICS, IN C. 
ELECTRONI CS DISTRIB UTION DIVISION 

NORTHEAST 
Boston, M assachusetts (61 71 933-8130 
Manchester. New Hampshire (6031 668-6968 
Rochester , New York (7161275-0300 
Syracuse. New York (31 51652 -1000 
Wallingford , Connecticut (2031 265-7741 

MID-ATLANTIC 
Baltimore, Maryland (3011247-5200 
Hauppauge, New York (5161 231- 1 000 
Moorestown, New Jersey (6091 235- 1900 
Saddle Brook, New Jersey 12011 797 -5800 

SOf.ITHEAST 
Atlanta, Georgia 14041 449-8252 
Fort Lauderdale, Florida 13051 776-7790 
Melbourne, Florida (3051 725-1480 
Winston Salem, North Carolina 19191 725-8711 

Attached Virtual Processor 
Meets Growth Requirements 
Of VS/9 Applications 

The 1100/ 60 attached virtual processor , a 
special purpose CPU that operates in the 
multiprocessor environment of an 
1100/ 60, integrates VS/ 9 capabilities into 
the series 1100 line . Announced by Sperry 
Univac , PO Box 500 , Blue Bell, PA 
19424, the system is designed to execute 
90/ 60 . 170. and / 80 systems without 
modification . An 1100/ 60 user program , 
attached processor control software 
(APCS), provides the 1/ 0 interface for the 
VS/ 9 operating environment with the 
series 1100 operating system. 

Hardware on the VS/ 9 side consists of a 
central processor with a logic bus struc­
ture and microcode control similar to that 
of the 90/ 80 family . Main storage capacity 
of an 1100/ 60 attached virtual processor 
(A VP) ranges from 524k to 1048k 
words . A 32k-byte buffer storage (cache) 
provides for buffering of instructions and 
data between the 1100 main storage unit 
(MSU) and the AVP CPU. Buffer storage im­
proves CPU performance and reduces the 
number of accesses to the MSU . 

Most 1/0 operations are performed 
through 1/0 devices attached to the 
1100/ 60 channels. The attached processor 

control software (APCS) establishes the 
environment for the VS/ 9 to operate as 
though it were running with its standard 
peripheral complement . APCS supports 
the 1100/ 60 AVP access to VS/ 9 random 
access data volumes via direct , logical , or 
local attachment. 

Direct attachment allows disc sub­
systems of the 90V systems to attach 
directly to the 1100/ 60 block multiplexer 
channel. Data written to these volumes 
by the 90V will be accessed directly by 
VS/ 9 running on the 1100/ 60 AVP without 
modification of the data format. Thus , 
these volumes can continue to be used by 
a 90V for data transportability , volume , 
group sharing , and system backup . 

With the logical arrangement , discs 
such as the 8470 are formatted and ac­
cessed using standard 1100 series soft­
ware . This facility allows VS/ 9 users to 
benefit from current technology devices 
that are not included in standard con ­
figurations . 

In local attachment mode , the 90V disc 
subsystem is attached to the AVP through 
an optional block multiplexer channel. 
This mode provides support of devices 
being used in the VS/ 9 environment for 
which comparable support is not 
available through OS 1100. 
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NORTH CENTRAL 

Chicago, Illinois 13121893-9420 
Milwaukee, Wisconsin 14141 764-6600 
Minneapolis, Minnesota (6121830-1800 

The Ambassador Ill Portable Terminal ... 
puts you in two places at the same time! 

MIDWEST 
Cincinnati, Ohio 15131 761 -5432 
Cleveland, Ohio 12161248-3990 
Dayton, Ohio 15131435-5563 
Detroit , Michigan 13131 971 -8220 
Indianapolis, Indiana 13171 243-9353 
Pittsburgh , Pennsylvania 141 21 856-7000 
St . Louis , Missouri 13141567-6888 

WEST 

Albuquerque, New Mexico 15051 243-4566 
Denver, Colorado 13031 7 58-2100 
San Diego, California (7141 565-4800 
San Francisco, California 14081 7 4 5-6600 
Seattle, Washington 12061 575-0907 

SOUTH CENTRAL 

Dallas, Texas 12141386-7500 
Houston , Texas 17131491 -4100 

Connector Operations 
Centerl5161231 -1030 

International , TWX 1510) 224-6021 
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Whether you 're transmitting data or retrieving 
it, the Portable Ambassador Ill Terminal with 
its built-in 300 baud telephone coupler gives 
you immediate access to all kinds of important 
data . 
At a realistic price , the Ambassador Ill is the 
perfect companion for remote bureaus , insur­
ance executives , salesmen , bankers , educa­
tors , accountants , stock brokers , or any pro­
fession where you 're away from a central 
office and qu ick versatile , reliable communica­
tions are vital. 

TE~ECOMMUNICATIONS SYSTEMS ANO EQUIPMENT 

fiilELCCN 
INOUSTIRES, INC 

Consider these features : full 7" screen dis­
plays 24 lines of 80 characters per line . 
Weighs less than 20 pounds . Measures 18" x 
15" x 8''. Utilizes virtually any power source . 
Can be used anywhere in the world using 
ASCII standard protocol , conversational or 
time sharing . The Ambassador Ill 's com­
mands are also a subset of the DEC VT 103. 
Telcon also manufactures the Ambassador 
IV with an 80 column printer. For add itional 
information contact the distributor 's office 
nearest you . 

Now ... you can take 
your office with you. 
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Just when you thought you were totally confused With IT you get two pages of memory (a total of 
by all the "smart" computer terminals on the market, 48 display lines). A complete range of visual attributes. 
Lear Siegler eliminates the confusion by bringing you Blinking. Blanking. Reverse video. Reduced intensity 
exactly what you need. with protected fields. And underlining. 

IT™-the Intermediate Terminal™ video display Plus, you also get upper / lower case. A high 
from Lear Siegler. resolution monitor. Built-in numeric keypad. Function 

IT co~presses the broad spectrum of "smart" keys. Full or half duplex. Conversation or block mode 
terminals into ITself. Now, ---~~~~---• transmission. Modifiable 
when you're looking for a ter- personality. And optional 
minal that isn't too smart but business graphics. 
isn't too dumb either, IT is And, best of all, you get 
perfect for the job. the same high standards 

And IT is completely self- and solid workmanship that 
contained, with full editing, made the Lear Siegler Dumb 
formatting and protected Terminal® video display 
field capabilities. a legend in its own time . 

..... LEAR SIEGLER, INC. ~I DATA PRODUCTS DIVISION 

IT, the Intermediate Terminal 
from Lear Siegler. 

Lear Siegler, lnc./Data Products Division, 714 North Brookhurst Street, Anaheim, CA 92803 800/854-3805. In California 7141774-1010. 
TWX: 910-591-1157. Telex: 65-5444. Regional Sales Offices: • San Francisco 408/263-0506 • Los Angeles 213/454-9941 • Chicago 3121279-5250 

• Houston 7131780-2585 • Philadelphia 215/245-1520 • New York 212/594-6762 • Boston 617/423-1510 • Washington, D.C. 301/459-1826 
• England (04867) 80666. 

IT'~ Intermediate Terminal™ and Dumb Terminal" a re trademarks of Lear Siegle r, Inc. 
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TECHNOLOGY REVIEW 

Intelligent Typewriter 
Derives Performance 
From Motor Control Aspects 

The Qyx intelligent typewriter uses a 
daisywheel printing system with powerful 
software to provide capabilities ranging 
from automation of simple typing func ­
tions to sophisticated word processing. 
To meet the needs of these app lications , 
the carriage and printwheel are driven by 
linear and rotary motors developed 
specifically for them , along with 
necessary drive and control strategies . 

The basic system, developed by Qyx 
Div of Exxon Information Systems , Lion ­
ville, PA 19353 , consists of system con­
trol module , printer, and keyboard . It 
provides a 1-line buffer memory , 
automatic erase backspace , automatic 
selection of 10-, 12- , or proportional ­
pitch styles , automatic centering , and a 
phrase dictionary . In higher level 
machines , memory capacity is increased 
to lOk characters for level 11 , with up to 
two removable mini-diskettes of 60k 
characters each for level V . Higher level 
machines also have extensive text editing 
and word processsing capability and can 
be equipped with a 24-char LED display 
as well as a communication module . 

The system is controlled by a Z80 based 
microcomputer with various amounts of 
static and dynamic solid state memory. 
All typewriter operating functions as well 
as editing and other applications func ­
tions are performed there . The 
daisywheel printer serves as the output 
medium and consists of these major mo­
tion components: a linear step motor for 
carriage motion, rotary step motor for 
daisywheel motion , rotary step motor for 
platen motion , hammer for print execu ­
tion, and solenoids for print ribbon and 
erase ribbon lift . 

Carriage motion for the printer is de ­
rived from a 4 -phase variable reluctance , 
linear step motor . With a basic step size of 
0.0167" (0.424 mm) , the motor is con ­
figured to minimize the mass of the slider 
and to avoid the umbilical cord problems 
of transporting large amounts of power . 
Front and rear stators are designed to 
drop negligible magnetomotive force in 
the back iron . The magnetic structure 
produces a larger than normal increase in 
torque with 2 -phase-on compared to 
1-phase-on. This force differential allows 
continuous current control of each phase 
pair and ensures that equal currents flow 
in each of the two energized phases when 
the motor is run in 2-phase on energiza­
tion scheme. 
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Overall motion is controlled through an 
F8 microprocessor . Motion commands 
are received from the operating system 
and appropriate phase energizations are 
used to initiate motion . Gross control of 
motion during acceleration and decelera ­
tion is provided by sequential switching of 
phases based on position information 
from the sensors and desired switching 
angle . An analog position and velocity 
loop is invoked during the last step to 
achieve rapid final settling and to main ­
tain the final position accurately. 

Printwheel motion is provided by a 
4 -phase variable reluctance step motor 
which uses split stators and an axial air 
gap construction. The printwheel has 
teeth embedded in it and acts as the rotor 
of the motor as well as the load. Motor 
construction minimizes inertia of the 
system and provides for ease of insertion 
and removal of the printwheel. There are 
98 characters per revol ution on the 
wheel ; thus 2 motor steps correspond to 
1 character motion . 

With 49 rotor teeth , the motor provides 
196 steps/ revolution . Two quadrature 
sensors provide positional information 
during closed loop motion control and 
provide position and velocity information 
during final damping . Daisywheel petals 
are used with optional transducers to pro­
vide feedback signals . As in the case of 
carriage motion . a microprocessor con­
trols overall printwheel motion . During 
long multiple -character moves, the maxi ­
mum speed achieved is 1700 char­
acters/ s, which is 3400 steps/ s or 1040 
r/ min . 
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Test System Offers 
25/50-MHz Clock Rates 
For Static and Dynamic RAMs 

System 7800 offers 25/ 50-MHz testing of 
static and dynamic memories for incom­
ing inspection and engineering applica­
tions . Offered by Accutest Corp , 25 In­
dustrial Ave , Chelmsford, MA 01824 , 
the unit can have a number o f configura­
tions and can include up to two fully 
loaded test heads . 

The system tests virtua lly all static and 
dynamic RAMs and ROMS and all TTL/ ECL 
and MOS technologies . With a full com­
plement of 27 input pins and 10 output 
pins , it can handle RAMs up to 64k x 8 
and P/ ROMs to 64k x 10. It offers high 
functional test speeds , high throughput , 
and comprehensive data red uction and 
engineering capabilities , as well as signifi ­
cant operating and maintenance 
economies. 

25-MHz clock rates are standard for all 
test patterns . Testing rates up to 50 MHz 
are achievable through the use of a split 
cycle technique. Overall system accuracy 
is better than 0.5 ns. The unit provides 
1-ns 1/ 0 switching, 16 timing sets , 32 tim­
ing mask sets , programmable active 
loads , and pin selectable timing , formats , 
and levels. 

Controller is a DEC LSI-11/23 computer 
with up to 128k words of memory . Soft­
ware is based on DEC's RSX -11/ M 
multitasking operating system . Test plans 
are implemented in Pascal based software 
to reduce programming time and offer 
improved program documentation . Up to 
16 systems can be networked to a host 
computer, integrating a semiconductor 
production line into a central process 
control and management information 
system. 

Circle 3 5 7 on Inquiry Card 

Dual-Density 
Tape Controllers Offer 
Packaging Flexibility 

T04/ T34 dual-density tape controllers 
operate with Digital Equipment Corp's 
LSI-11 and PDP-11 minicomputers and are 
TM 11 / TU10 compatible. In developing the 
controllers, Dataram Corp, Princeton­
Hightstown Rd , Cranbury , NJ 08512 , 
used a packaging approach that provides 
the user with maximum packaging flex­
ibility . 

For NRZI mode (either processor) one 
quad board is required; for phase en­
coded (PE) mode , a dual-size PE board is 
added . The PE board draws 5 V and 
ground from the back panel of the 
minicomputer but does not use any of the 
bus signals on the back panel. This allows 
the PE board to be inserted in any 
available slot. 

LSI-11 compatible T04 and the PDP-11 
compatible T34 controllers operate with 
industry standard tape drives and support 
any combination of 7-track , 9 -track , NRZI , 
or dual -density drives . Up to four drives 
can be daisy chained to one controller 
and 64 bytes of data buffering are pro­
vided . 7-track drives can operate with the 
controllers in NRZI mode at 200 , 556 , or 
800 bits/ in ; 9 -track drives in NRZI mode 
at 800 bits/ in or in PE mode at 1600 
bits/ in . The designs incorporate an in ­
tegral 16-bit bipolar microprocessor and 
support tape drive speeds up to 125 in / s . 

Bus address and interrupt vector ad ­
dress assignments are switch selectable . 
The 5-V current requirements are 5 A for 
NRZI controllers ; the PE option requires an 
additional 2 . 1 A for either model . 
Automatic self-test with LED fault indica­
tion is standard on both. 
Circle 358 on Inquiry Card 
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By now, you're probably 
aware that no less than 18 
manufacturers have or will in­
troduce their own version of a 
64K RAM. And that each version 
will be at least a slightly differ­
ent design. So how will you.I 
choose one intelligently? HC!N 

will you base your decision 
knowing that each manufacturer 
feels strongly justified in choos­
ing the architecture and manu­
facturing process it will use? 

One of the best ways to evalu­
ate any semiconductor memory 
is to look at a company's past 

Protective top glass 

First level 
polysilicon 
grounded 

capacitor plate 

Thick oxide 

Substrate 

Storage capacitor 
oxide dielectric 

experience in producing them. 
Look beyond the performance 
specifications and find out just 
how much they know about the 
business of design. 

At Mostek, the business of 
design means that the ultimate 
challenge for our designers is to 
enhance the manufacturability 
of every device we make so that 
it can be produced reliably, in 
volume. It means that we incor­
porate and refine, wherever 

Implanted 
memory cell 
storage node 

Light 
N + implantt 

practical, the same proven de­
sign techniques that helped us 
achieve world dominance at the 
4K level, and to an even greater 
extent, at the 16K level. 

But it also means that we 
fully investigate and develop 
new approaches and new cir­
cuitry to satisfy the new con­
straints inherent in progres­
sively sophisticated MOS 
memories. 

A good example of this busi­
ness-like approach to design is 
the use of polysilicon bit lines 
in our Scaled POLY 5* process. 



Access 
transistor 
gate oxide 

Second level 
polysilicon 

access 
transistor gate 

Though diffused bit lines are un­
deniably correct for our indus­
try-standard MK4116, VLSI 
geometries precluded their effi­
cient use in the MK4164. Conse­
quently, we needed a new way to 
maximize the usable signal 
generated from the smaller area 
available for storage cells. So we 
switched to polysilicon bit lines. 
This switch significantly im­
proved the capacitor-to-total-cell 
area ratio and resulted in 50% 

Light 
N + implant t 

Heavy source-drain 
N + implant t 

Substrate 

more usable signal to the sense 
amplifiers than if we had used 
diffused bit lines with the same 
layout rules. 

Though the switch to polysili­
con bit lines is just one example 
of numerous MK4164 design in­
novations, it is representative of 
the driving force behind all of 
them: Improved manufacturabil­
ity. Because for us, achieving 
higher levels of manufacturabil­
ity is not only a noble design 
goal, it's also smart business. It's 
why we make and ship more dy­
namic RAMs to more companies 

CIRCLE 38 ON INQUIRY CARD 

Second level 
polysilicon bit line at 

buried contact to access 
transistor drain 

t Implants not visible in micrograph 

than anyone else.in the world. 
And it's how we intend to main­
tain that distinction. 

Tu find out more about the 
added confidence that designed­
in manufacturability can give 
you, send for our 64K RAM bro­
chure that explains it in detail. 
Write Mostek, 1215 West Crosby 
Road, Carrollton, Thxas 75006. 
(214) 323-6000. In Europe, con­
tact Mostek Brussels, 660.69.24. 

• MOSTEK ® and Scaled POLY 5 
are trademarks of Mostek Corporation 
© 1980 Mostek Corporation 



TECHNOLOGY REVIEW 

8" Winchesters 
Double Density Using 
Moving Coil Actuator 

Using low mass, low load force, contact 
start/stop head technology, Quantum's 8" 
Winchester provides SA 1 000 compati­
bility, while altering rotational speed and 
f!ux and track densities to accommodate 
track position servo and 1 OM-byte/disc 
capacity 

Q2000 low cost 8" (20. 3-cm) fixed disc 
drives provide lOM -, 20M -, and 
30M-byte capacities. Based on a com­
bination of reliable technologies, the 
drives off er a capacity per disc that is 
more than double that of competitive 
products at costs competitive with older 
technology drives. While rotation! speed, 
flux, and track densities differ to accom ­
modate the higher capacity, Quantum 
Corp, 2150 Bering Dr, San Jose, CA 
95131 , has designed the units to retain 
format and interface compatibility with 
the Shugart SAlOOO. 

To raise track density to 345 bits/in 
(135/ cm) (double that of competing 
drives) , a rotary moving coil torque 
motor head actuator and temperature 
compensation is used instead of open 
loop stepper motor actuators . This solu­
tion combines attractive aspects of linear 
and rotary voice coil actuators in an in­
novative rotary actuator (patent pending) 
that creates pure torque with no sideways 
stress on actuator bearings . Balanced 
statically so that the drive can be rotated 
in any direction without head or arm 
movement , it allows the bearing structure 
to be lower in cost than those used in 
alternative designs . 

Its construction requires only a ring 
magnet , two flat plate magnetic circuit 
elements , a single plane moving coil, and 
a 2-bearing structure . It is driven by a 
simple 2-phase electronics system, and 
incorporates a low inductance coil for low 
power consumption . 
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Providing an average access time of 
50 ms for the lOM-byte and 60 ms for 
the 30M-byte drives , it is faster than step­
per systems and approaches the perfor­
mance of expensive voice coil systems . 
Positioning accuracy and timing is 
enhanced through the use of an optical 
position encoder located on the actuator . 
This encoder is fabricated using glass 
reticle/LED/photodiode technology 
historically used in low cost precision 
positioning systems. The result is an en­
coder system that is accurate to over 10 
times the track density of present units , 
leaving room for growth to higher track 
densities. 

Higher track density disc drives require 
temperature compensation to ensure ac­
curate track location and reliable opera­
tion. This system, instead of the 
dedicated track position reference surface 
traditionally used , uses a direct track posi­
tion feedback derived from the disc sur­
face itself . Capable of updating track posi­
tion 50 times/s, this temperature com­
pensation servo technique uses the index 
timing space at the end of each track to 
encode track location information 
between the last inter-record gap and the 
index pulse . On initial drive power-up , 
and continuously thereafter , an onboard 
microprocessor reads actual track and 
head location coding once each disc 
revolution and compares it with actuator 
position information from the optical en­
coder. Any head position error sensed is 
then used to offset the actuator position 
to precisely center the head on any in­
tended track . 

The drives use low mass , low load 
force IBM Winchester type contact 
start/ stop head technology, and 200-mm 
OD, Winchester type media . Maximum 
recording density is 6000 bits/ in, maxi­
mum flux density is 6600/in, and track 
density is 345/in. Rotational speed is 
3000 r I min . Physical interface and 
power supply characteristics closely 
match those of floppy drives . Packaging 
allows the drive to mount using the same 
attachment hardware as 8" (20 .3-cm) 
floppies. 

Included in the family are the 
10. 6 7M-byte (unformatted) single-disc 
Q2010, the 21.33M-byte 2-disc Q2020, and 
the 32M-byte 3-disc 02030. Transfer rate 
is 4 .34M bits/s, average latency is 10 ms, 
and access times are 15-ms track to track, 
100 ms max, and 50-ms average (Q2010) 
to 60-ms average (Q2030). 
Circle 359 on Inquiry Card 

Automated LSI/VLSI 
Test System Handles 
Complex Chips 

A 128-pin LSl/VSLI/hybrid semicon­
ductor test system, the S-3275 has 
sophisticated pattern generating and tim­
ing capabilities and can handle 64 inputs 
and 64 outputs at up to 20 MHz. 
Tektronix, Inc , PO Box 500, Beaverton, 
OR 97077 , has also included a software 
system that improves memory utilization 
and increases processing speed, and con­
tains a networking option that permits in­
terface to any large computer . 

The system has 20-MHz functional 
capability and realtime error logging . Its 
128 data channels operate either as 64 
input and 64 output channels, or as 64 
input/ output channels. Included in the 
system's dual-memory architecture are 
enhanced pattern generator, clock 
generator, and pin electronics cards. 
Sophisticated pattern control and se­
quencing as well as algorithmic pattern 
generation are supplied by the 2952 pat­
tern processor. Four bits of pattern data 
(force, inhibit , compare, and mask) are 
sent by the processor to each pin elec­
tronics card at the 20-MHz rate. Force 
and compare pattern memories are 64 
bits by 4k words deep ; inhibit and mask 
pattern memories are 64 bits by lk words 
deep . In algorithmic pattern generation 
mode, the pattern processor generates 
12X, 12Y, 12Z, 16 force data, and 16 
compare bits on each cycle. Addresses 
can be scrambled by the topological 
memory (4k words by 12 bits), an integral 
part of the processor . 

The clock generator makes 16 clock 
phases available to the test station . Six­
teen sets of timing data , including start, 
width , and cycle time , can be pro­
grammed and selected on a cycle by cycle 
basis by the pattern processor, resulting in 
complex split cycle timing. Cycle periods 
range from 500 Hz to 20 MHz with time 
resolution to 8 ns. Clock generation 
features include 125-ps phase edge 
resolution and 1-ns skew and accuracy 
with automatic calibration. In addition, 
the clock can operate in a free-running 
mode, be synchronized to the test device, 
or be switched on a cycle by cycle basis . 

The system's pin electronics cards have 
been enhanced to accept the four data 
bits presented by the pattern processor 
and have oncard shift registers (4k deep) 
available for auxiliary force and compare 
storage as well as for realtime error 
storage. Other card features include fixed 
or toggled data sources, programmable 
driver and comparator sample and hold 
circuits, and analog access to the system's 
50-0 switching matrix . 

(continued on page 64) 
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R24.1he first 2400 bps 
· modular modem. 

Rockwell's compact MOS-LSI modem 
gives new physical design freedom. 

Rockwell's R24 Modem is the 
most compact 2400 bps MOS-LSI 
modem available today. Its small 
sizeandmodularitygive designers 
a whole new form factor flexi­
bility. Requiring only 25 square 
inches of system area, the R24 
is ideal for terminals and com­
munications equipment. 

The R24 provides functional 
flexibility also. Of its 3 modules, 

one is the transmitter, two the 
receiver. Terminal designers can 
offer transmit-only or receive­
only options. And, the R24 is Bell 
201 B/ C and CCITT V.26 and 
V.26 bis compatible. 

With its major functions in 
LSI circuits, the R24 is solid-state 
reliable and economical. It can 
be configured for operation on 
either leased lines or the general 
switched network. And, each low-

profile module can be plugged 
into standard connectors or wave 
soldered onto system PC boards. 

A new generation of modems 
from the company that's delivered 
more high-speed modems than 
anyone in the world. That's 
Rockwell Micro power! 

For more information, contact 
Modem Marketing, Electronic 
Devices Division, Rockwell Inter­
national, P.O. Box 3669, RC 55, 
Anaheim, California 92803. 
(714) 632-5535. 

--- ------ ------ Rockwell International 
.. .where science gets down to business 
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TECHNOLOGY REVIEW 

With its optional integrated waveform 
digitizer , the system can perform 
waveform analysis. Its analog access, in ­
tegral to the test station , has both parallel 
and GPIB interfaces . The system will per­
form de parametric testing with Kelvin 
sensing to the device under test and can 
make single-shot time measurements 
with 50-ps resolution . All graphics 
generated by the system can be con ­
verted to hardcopy form . 

TEKTEST Ill , Version IV , the system's 
software , is an English -like self ­
documenting language . It has realtime 
debugging and true foreground / 
background operation that allows up to 
four programming tasks to be performed 
while testing continues . While the soft­
ware enhancement requires a minimum 
memory configuration of 42k words , 
memory management , and floating point 
processor , it improves memory utiliza­
tion . The networking option , an exten ­
sion of the operating system software , 
provides the interface to user defined 
mainframes . With it the user can interface 
the test system to any large computer. 
Circ le 360 on Inquiry Card 

Memory Test System 
Offers Realtime 
Bit Mapping Option 

1389 solves many problems of testing high 
performance semiconductor memories , 
including fast byte wide static RAMs , and 
large dynamic RAMs . The system , 
developed by Teradyne Inc , 21255 
Califa St , Woodland Hills , CA 91367 , 
delivers high integrity waveforms to the 
pins of the memory under test. It offers 
0 . 25-ns timing accuracy at the device 
pins and has waveform flexibility needed 
for complex functional test patterns . 
Realtime bit mapping (RTBM) option is an 
interactive tool that provides a color 
display showing the precise location of 
the failing memory bits and identifying 
timing , voltage , and pattern conditions 
under which failures occur . 

Consisting of mobile system controller, 
mainframe , one or two remote test elec­
tronics modules , and system power sup­
plies , the unit improves memory testing 
through its architecture . Computing con ­
troller is an 18-bit processor that controls 
system instrumentation , handles test pro­
gram preparation , and analyzes test 
results . The system is supplied with a 64k 
memory that expands in increments of 
64k to a maximum of 256k . 
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The mainframe houses pattern 
generator , waveform generator , and 
analog circuits. Controlling functional 
testing , the pattern generator produces 
address sequences , input data, and ex­
pected output data for the memory under 
test. It also controls cycle by cycle selec­
tion of cycle times , edge delay sets , and 
format sets . Each functional test cycle is 
controlled by a 48-bit microinstruction 
stored in the pattern control RAM . 

The realtime bit mapp ing option can be 
added to the pattern generator to identify 
memory cells that fail during a functional 
test. With the addition of a color CRT ter­
minal, up to 100 different colors show the 
location of each failed cell and the condi­
tions under which it failed. RTBM is used 
in production testing to identify partials 
and to select rows and columns of RAMs 
that incorporate redundancy . 

The waveform generator consists of a 
crystal oscillator , cycle time generator. 
edge delay generators , and formatting 
circuits. Memory under test cycle times 
and all time functions within each 
memory under test cycle are derived from 
a single 125-MHz crystal oscillator. Cycle 
times can be programmed from 50 ns to 
32 µs in 0 .50-ns increments . Computer 
controlled analog delay circuits in each 
transmission path maintain skew and 
edge to edge delays at the memory under 
test pins to within 0 .25-ns system 
specification. 

Automatic edge lock (AEL) a time do-
main reflectometry technique , 

SYSTEM 
CONTROLLER 

FORMAT 
GENERATOR 

automatically adjusts the 150 analog 
delay circuits to compensate for dif­
ferences in path lengths between the 
crystal oscillator and the pins of the 
memory under test. In addition to main­
taining timing accuracy, AEL also verifies 
address, data input, and clock driver 
levels. Calibration occurs in the few­
millisecond interval between testing one 
device and the next, and does not require 
a special calibration fixture . 

Each address, data input, and clock 
driver has a 50-n output impedance . This 
controlled impedance is maintained from 
driver outputs to remote test electronics 
to ensure high integrity waveforms at the 
pins of the memory under test. 

The remote test electronics module 
contains data output detectors, l / 0 

switching, device interface board, and 
load switching. Having the detectors in 
the remote test electronics allows ac­
curate data output detection for devices 
with either low or high impedance out­
puts. I/ O switches in the remote test elec­
tronics allow testing of devices with 
separate data input and output pins and 
those with common l/ 0 data pins. 

The unit is supplied with operating, 
utility , applications , and maintenance 
software recorded on data cartridges . 
Memory test programs are prepared us­
ing the Pascal-T programming language 
which simplifies the process of preparing 
device test programs and reduces the cost 
of maintaining programs . 
Circle 361 on Inquiry Card 
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M ainframe of Teradyne's J380 memory tester houses pattern generator 
waveform generator, and analog circuits. Functional test cycle is co~trolled by 
48-bit microinstruction stored in pattern control RAM . Address, data input, and 
clock drivers have control led 50-n output impedance maintained to remote test 
electronics, ensuring high integrity waveforms at pins of memory under test 
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For your intel® Microcomputer Development System. 
The Model MDP-125 from EMC Corporation is a heavy 

duty, hard copy printer designed especially for use with 
Intel Intellec* Series Microcomputer Development 
Systems. 

The MDP-125 prints a 96 ASCII character set in 9x9 dot 
matrix, with true upper /lower case characters and under­
lining. It operates bi-directionally, for maximum through­
put, at up to 125 characters-per-second. It 's available in 
80-column, and 136-column wide-carriage versions. 
And it comes with a ten-foot cable that plugs directly 
into your Intellec* system. 

With our instruction manual, and features like auto­
matic on/off motor control, you'll be operational in min­
utes. You can send information to the printer from the 
Intellec* system console without additional manipulation 
of the printer controls. An optional Control Panel pro­
vides off-line self-test. 

intel and INTELLEC are registered trademarks of INTEL Corporation. 

The MDP-125 is ruggedized, for reliable performance 
under high duty cycles, and quietized, with sound­
deadening, included as standard. Other features include 
a front- or bottom-loading tractor-feed mechanism, and 
a long-life mobius loop ribbon cartridge. The printer 
uses fanfold paper, and can produce up to five copies 
plus original. 

To order hard copy output for your Intellec* system, 
call or write the Marketing Department: 

EMC 2 
CORPORATION 

385 Elliot Street 
Newton, Massachusetts 02164 
1WX: 922-531 EMC CORP NEW 
Tel: (617) 244-4740 
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Signature Analysis Option 
Allows Test System to 
Handle Loaded Boards 

Option 100 for the model 3060A board test 
system from Hewlett-Packard Co , 1507 
Page Mill Rd , Palo Alto , CA 94304, 
dynamically and automatically tests com­
plex digital circuits , using signature 
analysis, a data compression technique 
invented by HP in 1977. Permitting the 
system to test with automatic isolation 
capability beyond the node , even on 
bidirectional buses , the option simplifies 

Complex circuits , ROMs , RAMs , and 1/0 
based printed circuit boards can be com­
pletely tested even if signature analysis 
has not been designed into the board . 
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A handful of compact switchi 
of$115! 

the incred ib ly low price 

But don't be mislead by price. This is no stripped down, coverless 
pretender that tries to pass as a switcher. 

POWER-ONE'S new SD Series is a true high ormance switching 
power supply in every sense of the word. It meet presslve specifi -
cations while employing the absolute latest state-o e-art power 
conversion techniques. Yet it 's smaller, lighter, and mo 
the rest. 

All at a cost that combines affordability with the finest features of 
switching technology. The result is a dramatic new dimension in 
switching power supply value. 

See for yourself. For fast action , write or phone for our new 1980 
Catalog with complete details on the exciting new SD Series. 
Models Chart 

MODEL VOLTAGE CURRENT 
SD5-10 5V 10A 
SD12-4.2 12V 4.2A 
SD15-3.4 15V 3.4A 
SD24-2.1 24V 2.1A 
SD28-1.8 28V 1.8A 

CIRCLE 41 ON INQUIRY CARD 

production testing by using automatic 
probing and backtracing hardware and 
software, thus eliminating operator in­
tervention . 

The option provides the stimulus (up to 
2-MHz rate) , measurement (up to 
10-MHz rate), and automatic diagnostic 
functions required for pass/ fail testing 
and fault isolation. The dynamic digital 
functional test capability can be used on 
both dedicated and multiplexed bus ar­
chitectures . A built-in counter , logic com­
parators , and high speed RAM backed 
drivers are included for external 
microprocessor stimulation , analysis , and 
fault diagnosis . 

The stimulus is designed to interface 
with the typical microprocessor architec­
ture. Stimulus interfacing with the data 
and control buses consists of RAM backed 
drivers which can create data and control 
signals at speeds up to 2 MHz. Dynamic 
stimulus , which interfaces to the address 
bus , is connected to a binary sequencing 
generator (counter) . These two basic 
building blocks can be connected in one 
of four ways to stimulate the board under 
test. 

Dynamic drivers can be 3-stated on the 
fly by a hardware signal from the board 
under test. This allows the test system to 
interface to bidirectional data bµses and 
to multiplexed address/ data buses . To 
allow high speed operation , 16 of the 
high speed drivers have memory behind 
them, providing signature analysis 
stimulus programs and other test patterns 
to circuitry . 

Additional electronics in the digital 
stimulus response analysis unit control 
the application of stimulus programs used 
in production testing and fault isolation . 
The digital functional test (DFT) software 
gives the test programmer complete con­
trol over all customized microprocessor 
based testing electronics to design and 
implement production tests for boards in 
microprocessor based products . 

Signature analysis detection circuitry in 
the tester can be multiplexed through the 
system scanner to the bed of nails fixture 
to take signatures on up to 500 different 
nodes during any one test. If these 
signatures are good, the board is good . If 
a bad signature is found , automatic 
backtracing software performs fault iso­
lation. 

Automatic backtracing software is 
capable of handling analog signals as well 
as digital signatures. This is an advantage 
in testing hybrid circuits because backtrac­
ing software reduces the problem of 
designing a functional test for a printed 
circuit board to that of designing tests for 
different nodes on the board . The OFT 
software takes care of the organization 
and puts nodal tests together automati­
cally into a functional circuit test. 
Circle 362 on Inquiry Card 
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Double your 
production rate 
of ribbon cable 
assemblies. 

Now you can terminate AMP Latch 
connectors at the rate of 450 an hour. 
That's more than double the speed of 
what you can do with other ribbon 
cable connectors. 

Our new semi-automatic tool makes 
it happen. It precision feeds, positions 
and terminates preassembled 
receptacle connectors in one step. 
Our precision cable further minimizes 
rejects, because it's designed and 

manufactured to strict dimensional 
specs. And our complete range of fully 
shrouded headers includes a positive 
locking type you can squeeze-to­
release with one hand. 

With these continued advancements 
and our wide mix of connectors, the 
AMP Latch system is more productive 
than ever. 



AMP Facts 

Wire Types: Small-gauge solid or 
stranded discrete, plus flat ribbon, 
woven ribbon and other types of 
flat cable with round conductors 
on .050" centers. 
Size: 10 through 60 positions. 
Connector Types: Wide variety of 
cable-to-cable, card edge, DIP and 
receptacle connectors available. 
Electrical Current Rating: 1 ampere 
(continuous). 
Operating Temperature Range: 
-55°C to +105°C 
Dielectric Withstanding Voltage: 
500 volts RMS. 
Tooling: Pneumatic, manual and 
semi-automatic bench termination 
machines. 

Insulation-displacing contact 
provides termination 
redundancy with cable 
conductor. 

Double cantilevered contacts 
provide redundancy to posts. 

Accu-plate precision plating 
places the minimum gold 
needed on the contact 
without minimizing 
performance. 

Pre-positioned cover 
accurately registers cable for 
error-free termination. AMP cable is designed to 

strict specifications. Every 
inch is consistent in spacing, 
width, thickness and flex. 

For a free sample, call the AMP Latch Information Desk at (717) 780-8400. 
AMP Incorporated, Harrisburg, PA 17105 

AMP and AMP Latch are trademarks of AMP Incorporated. 

AMP means productivity. 



TECHNOLOGY REVIEW 

Multifunction Information 
Processing System Uses 
Multiple Bus Architecture 

Workstation based information process­
ing systems do away with the traditional 
concept of a CPU and distribute all com­
puting power to workstations . The Con ­
vergent family , introduced by Con­
vergent Technologies , 2500 Augustine 
Dr , Santa Clara , CA 95051, extends 
from a standalone system with minicom­
puter power to a resource sharing cluster 
system of 16 workstations with data 
storage capabilities to 116.5M bytes . The 
systems have processing power 
equivalent to a large minicomputer. 

Series 1000 standalone systems , each 
consisting of a single workstation with 
128k bytes of RAM plus mass storage , 
are CT-1111-1 with lM-byte dual floppy 
subsystem for storage and the CT-1121-1 
with an 8 fl (20. 3-cm) Winchester sub­
system along with one floppy disc for a 
total of 10 .5M bytes . Workstation elec­
tronics consist of three to four printed cir­
cuit assemblies : processor, memory-1/ 0, 
optional memory expansion , and video 
display control boards . These four 
assemblies are linked through a pro­
prietary CT-BUS. 

The processor board contains an Intel 
8086 16-bit microprocessor operating at 
5 MHz . In addition to the 8086, the board 
may contain an optional 5-MHz 8087 
mathematics processor . Four high speed 
OMA channels are used for 1/ 0 and for a 
Multibus slave to gain access to the 
CT-BUS signals . These channels operate at 
3 .3M bytes/ sand support the video sub­
system , two high speed serial channels , 
and mass storage interface . 

A programmable video display system 
permits development of sophisticated 
screen formats . The 15 fl (38-cm) display 
at 50-MHz refresh rate is organized as 34 
lines by 80 or 132 characters , with the 
screen divisible into virtually unlimited 
windows . Standard character set contains 
a full 256 characters , including the entire 
printing ASCII set , bit map graphics , and 
some foreign characters . Additional 
character sets are RAM loadable , since all 
characters and graphics are completely 
soft. 

Dual-bus architecture allows addition 
of user hardware extensions without im­
pacting integrity or speed of operation of 
workstation electronics modules. Com­
munication between masters operating 
on the two buses or between the worksta­
tion processor and Multibus slave is via an 
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Convergent Technologies' Series 1000 workstation contains processor, memory-
1/0, memory expansion, and video display control boards linked through high speed 
CT-BUS which is distinct from Multibus logic . Dual-bus architecture permits hard­
ware extension without impact on integrity or speed of operation 

over-lapped memory mapping scheme or 
through a OMA channel. Memory ad­
dressing , interrupt recognition and pro­
cessing, as well as 1/ 0 addressing may be 
done completely independently in the 
Multibus region, or may be shared with 
CT-BUS logic . All interfaces between the 
two buses are under software control of 
the workstation processor . 

Five programming languages support 
development of system and application 
programs . Languages include assembly 
language, BASIC , Pascal, COBOL, and 
FORTRAN . CTOS , a compact multitasking 
operating system , serves as a building 
block for development and implementa­
tion of application software . 
Circle 363 on Inquiry Card 

Business Computer System 
Family Extended at 
Top and Bottom 

Multiuse , entry level Datasystem 315 and 
top of the line commercial 0750 and 0780 
systems are based on the POP-11 / 23 and 
VAX processors . Introduced by Digital 
Equipment Corp , Maynard , MA 01754, 
the units extend the range of commercial 
capability provided within the compatible 
families . 

Available with a choice of six program­
ming languages and two operating 

systems , the 315 can be used as stand­
alone system , network node , or store and 
forward terminal. Its base memory is 64k 
bytes (expandable to 256k bytes). It uses 
a VTlOO video terminal and a dual RX02 
double-density floppy disc drive for l M 
bytes of mass storage . 

The system is available with either the 
commercially oriented CTS-300 or RT-11 
general purpose operating system . 
CTS-300 includes the business oriented 
DIBOL-11 programming language, OEC­
form program package for video terminal 
screen operations , and a sort utility and 
file handling utility . RT-11 offers a choice 
of five programming languages including 
FORTRAN IV . BASIC. FOCAL. and APL, and 
can be used for realtime applications. 

The 0700 series contains 4.3G bytes of 
virtual address space and up to 2G bytes 
of user program space . It is capable of up 
to four times the performance of the 
Datasystem 500 series . Information 
management capabilities provided by the 
systems are compatible with other 
Datasystems , including the VAX RMS file 
management system , VAX-11 FMS forms 
utility , DATATRIEVE query and report 
writer , selection of high level languages, 
and extensive communications packages. 
VAX-11 COBOL provides fast execution of 
generated object code , high compilation 
speed , and ease of use . VAX-11 BASIC and 
PL/ I are also available . For data exchange 
between Datasystems , DECnet networking 
facility is available . 0 
Circ le 364 on Inquiry Card 
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THE LEADING 
MICROPROCESSOR OPERATING SYSTEMS 

FOR THE 1980s 

t 

MTOS·80 
oN' \ cotJ11NG so ,,.:. 

Real-time operating 
·svstem for the 8080. MTOS·68k 
In ·service since 1976 FOR THE MOTOROLA , 

M.TOS·68 
Real-ttme operating 
system for the 6800. 

'
0ln servicesinoe 1976 

MTOS·86MP. 
MTOS·80MP 
Multi-Processor 

versions of 
MTOS-86·& MTOS-80. 

In Israel: 
CONTAHAL, LTD. 

83 Gordon Street, Tel Aviv 
Telephone: 22 41 15 

In Belgium: 
BETEA S.A. 

Chaussee de Louvain 775 
B-1140, Brussels 

Telephone: (02) 736 80 50 

In West Germany: 
ALFRED NEYE-ENATECHNIK 

Schillerstrasse 14 
2085 Quickborn (Hamburg) 

Telephone: 041 06 I 612-240 

·68000 
Ask for a free copy 
of the MTOS-68K 

User's Guide. 

These MULTI-TASKING 
OPERATING SYSTEMS are sold 
under a liberal licensing po,licy 
which allows resale of the object 
program, when embedded within 
a product, without further charge. 

In Scandinavia: 
AB TELEPLAN 
Tritonwgen 25, Solna, Sweden 
Phone: 08-98 10 00 Tx. 17587 

In Japan: 
TOKYO ELECTRON LIMITED 
Shinjuku Nomura Bldg. 1-26-2 Nishi-Shinjuku 
Shinjuku-Ku, Tokyo 160 
Telephone: 343-4411 

In Benelux: 
C.N. ROOD B.V. 
Cort v.d. Lindenstraat 11-13, Postbus 42 
2280 AA Rijswijk, Nederland 
Telephone: 070-996360, Tx. 31238 

In Australia: 
INDUSTRIAL COMPUTER SYSTEMS PI L 
269 Auburn Rd ., East Hawthorn, VIC 3123 
Teleptlone: (03) 827-389 

· •I~ I• Industrial 
I~ Programming Inc. 

Software Specialists Since 1963 

100 Jericho Quadrangle, Jericho, N.Y. 11753 • (516) 938-6600 • Telex 429808 
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Creative Micro Systems is proud 
of its line of general purpose 
microprocessor support modules. 
These M6800/M6809 based 
modules are pin and outline 
compatible with the industry 
standard EXORcisor' and 
Micromodule* bus. 

COMPARE THE CHOICE 

That 's why we want you to 
compare our products with the 
competition before you design 
your next microprocessor based 
system. 

Each module in our product line 
is designed to respond to the 
needs of a major computer 
system function. Our 9609 module, 
featu red above, is a complete 
microcomputer on a single board. 
It features the MC6809 processor, 
6 K of EPROM, 1 K of RAM, 40 
paral lel 1/0 lines, 2 RS-232C 

serial ports, BREAK detect, 3 16-
bit programmable timers, priority 
interrupt vector generator and a 
power failure protecVrestart 
circuit. 

For more extensive system 
requirements, the 9609 is sup­
ported by a variety of Memory, 
1/0, and Data Acquisition modules, 
and a broad line of card cages, 
power supplies, mother boards, 
prototype boards and accessories. 

THE OEM ADVANTAGE 

Try to find another set of micro­
processor modules in the same 
price and quality range with all 
the positive features Creative 
Micro Systems has to offer. 

Original Equipment Manufacturers 
who compared our products 
have specified Creative Micro 
Sy$tems for applications in data 

acquisition, data communication 
and encryption, materials testing, 
automatic test equipment, process 
control , energy management 
systems, agricultural instrumen­
tation and small business data 
processing systems. 

WANT MORE TO COMPARE 

Once you compare you' ll agree 
Creative Micro Systems has more 
to offer your application. Write or 
call for our new product catalog. 
We' ll also be happy to tell you 
about our exciting new products 
in development now. 

~M!J 
Creative Micro Systems 
11642-8 Knott Street 
Garden Grove, CA 92641 USA 
Telephone (714) 898 -9669 

*Trademark of Motorola Find us in the 1980 IC Master Catalog on pages 
2608 -2609. 

In EUROPE Dialogue Markettng (Electronics) Ltd. Rose Industrial Estate, Unit 11 G, Bourne End, Bucks, England, Telephone 06285-26729 Telex 848080 MICRO G 
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VGR 4000, Honeywell's new and advanced 
video graphic recorder, provides fast, crisp, 8Yz x 11" 
hard copies on dry silver paper from most CRT's 
and other video sources. 

White-on-black or black-on-white images 
are as simple as flipping a switch. With options, 
images can be produced having up to 16 shades 
of grey or even more. 

An innovative processing technique 
eliminates the need for large heated platens. This 
allows the recorder to run cool, consuming very 
little energy. 

The VGR 4000 is the only recorder on the 
market available with a self-contained test-pattern 
generator providing a choice of formats for proper 
copy verification. 

Rugged, yet cleanly designed for easy 

operation, the compact VGR 4000 can be used on 
a desk top or rack-mounted, taking up only 7" of 
front panel space. 

Honeywell's VGR 4000 is the latest advance 
in video-input hard-copy reproduction systems, 
built by the people with the most fiber-optic CRT 
recorder experience in the field. 

To get the whole story on the VGR 4000 and 
how it can meet your needs, call Durke 
Johnson at 303/773-4700. Or write Honeywell 
Test Instruments Division, Box 5227, 
Denver, Colorado 80217. 

WE'LL SHOW YOU A BETTER WAY. 

Honeywell 
HON-6-631 
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DIGITAL CONTROL AND AUTOMATED SYSTEMS 

Realtime System with Replay 

Capability Monitors 

Air Combat Exercises 

C lassically , air combat training has made use of 
simulated aerial dogfights , in which pilots maneuver to 
obtain positional advantages and to claim "kills." Prior to 
1973 , these kinds of exercises were limited in their effec­
tiveness, since participants , training officers, and analysts 
had to depend on making educated guesses as to the out­
comes of the simulated dogfights. However , since 1973, 
a computer controlled system has made it possible for 
viewers to obtain exact data on the relative motions of the 
participating aircraft , the trajectories of simulated weap­
ons, and the occurrence of simulated hits or misses . 

This still-evolving system , developed by Cubic Corp, 
9333 Balboa Ave , San Diego , CA 92123, is designated 
as TACTS/ ACM!. The term TACTS (Tactical Aircrew Com­
bat Training System) is a designation specified by the 
Naval Air Systems Command , while ACM! (Air Combat 
Maneuvering Instrumentation) is specified by the U .S . Air 
Force. Both of these organizations are users of the 
system . Military bases where the system is utilized include 
Marine Corps Air Station , Yuma , Ariz ; Nellis Air Force 

TACTS /ACM I 
AIRSPACE 

Base , Las Vegas , Nev ; Naval Air Station , Oceana, Va; 
Tyndall Air Force Base, Fla ; U.S. Air Force Europe, Sar­
dinia, Italy ; and Luke Air Force Base , Ariz . 

Among the wide variety of combat aircraft that par­
ticipate in the missions are the F4 . F5. Fl4 . F15 . Fl6 . Fl06. 

and A4 . Prominent among the many weapons simulated 
are the Sidewinder (AIM-9L) and Sparrow (AIM-7F) air to 
air missiles . 

Starting with Cubic 's initial contract with the U.S . Navy 
in 1971 , the TACTS/ ACM! system has evolved through 
several stages . It is a system that allows training personnel 
to monitor the details of the combat training missions in 
real time and allows participating pilots to review the se­
quence of events subsequently in debriefing . The system 
depends to a large degree on visual CRT displays showing 
the details of the action. Four subsystems are involved: 
the airborne instrumentation subsystem (AIS), tracking in­
strumentation subsystem (TIS), control and computation 
subsystem ( CCS), and display and debriefing subsystem 
(DDS). (See Fig 1.) 

Airborne Instrumentation, Tracking , 
And Control and Computation 

The AIS is mounted in a pod that , under training condi­
tions, replaces a sidewinder air to air missile pod . Con­
sisting of seven modules (see Figs 2 and 3), this airborne 
subsystem processes data descriptive of the state of mo­
tion of the aircraft and clocks the time of simulated 
weapon launch / firing. 

(continued on page 79) 

b 
AIRBORNE /'/I\\\ RANGING DATA 

INSTRUMENTATION / 
11 I I\\ AND 

CONTROL 
AND 

COMPUTATION 
SUBSYSTEM 

(CCS) 

Fig 1 TACTS/ACM! system from 
Cubic Corp provides realtime and 
debriefing displays of aerial dogfight 
exercises . Seven remote stations track 
participating aircraft and receive data 
from airborne instrumentation . Data are 
processed successively at master 
tracking station and control and com­
putation subsystem for use in display 
and debrief ing subsystem 
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=TIS REMOTE STATIONS PROVIDING 
TRANSMISSION AND RECEPTION 
OF ME SSAGES FROM/TO THE TIS 
MASTER STATION. R1 IS LOCATED 
AT THE MASTER SITE 
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~ktronix' nelV 7002. 
logic analyzer lVith the 

N w, a total solu­
on to problems 
ncountered 

either on or off the bus. Tek-
tronix' new 7D02 Logic Ana­
lyzer. Featuring a unique user 
language that reduces even 
the most complex testing to a 
few simple statements. You 
supply the overview and the 
7D02 does all the detail work 
for you. With a sophistication 
never before possible. 

All test parameters 
supplied by prompts. 

----- IF clause defines a data 
stream event, which 
may be either single or 
compound. 

A simple, yet sophis­
ticated user language. 
Writing a test program is no 
more complicated than re­
sponding to a few simple 
prompts. A handful ofbasic 
phrases let you configure the 
7D02's resources into almost 
any combination needed to 
solve the problem at hand. 
Often you'll find the 7D02 has 
an intelligence equal to the 
software you're integrating 
into your prototype. 

response to the event. In 
this case, setting counter 
#1 to zero and then in­
crementing every 
millisecond. 

At the same time the 
counter is set, branch to 
the second test. (brack­
eting allows simultane­
ous actions). 

Copyright© 1980, Tektronix, Inc. All rights reserved. 902-1 

Individualized 8-
and 16-bit mnemonics. 
Through a series of personal­
ity modules, the 7D02 can 
adapt to the characteristics of 
specific microprocessors. 
Familiar mnemonics let you 
work faster and more accu­
rately. Support today extends 
to the 6800, 6802, 8085, 8086, 
Z80 and Z8002 with more to 
come. There's also a personal­
ity module available for gen­
eral purpose logic analysis. 

The 7D02 now monitors 
the data stream for an 
event to satisfy the sec­
ond test's IF clause. 

Up to 52 channels of 
information. Flexibility is 
the key. You start with the 
basic 28 channels used for 
state acquisition, then the ex­
pansion option increases this 
to 44. For timing applications 
or wider state acquisition, 
there's an additional syn­
chronous or asynchronous 
8-channel timing option 
complete with its own mem­
ory, word recognizer and 
glitch trigger. 

If the event occurs, then 
branch back to the first 
test and start the pro­
gram over. 

Or if counter #1 has 
reached 100 mS, then ac­
tivate the trigger. 



LOGIC 
ANALYZER 

A user-programmable 
sma1·test triggering ever. 

And there's more. The 
7D02's user language takes 
advantage of four separate 
word recognizers, each up to 
48 bits wide. Plus two coun­
ters usable in either the time 
or event mode. In addition to 
clock qualifications, there are 
two types of data qualifica­
tion to provide selective data 
storage. 

The Tektronix 7D02 
Logic Analyzer can give you a 
whole new approach to µ.,P­
based design. 

By using the proper per­
sonality module, 
software flow can be 
displayed using the 
mnemonics of the chip 
under test, here the 
Motorola MC6802. 

Locating an inter­
mittent fault. The following 
program gives a limited 
demonstration of the simplic­
ity and power behind the 
7D02's user language. Here 
the object is to trigger when 
a second event on the bus 
does not occur within 100 mS 
of a first event. 

The 7D02 is a 3-wide plug-in for the popular Tektronix 7000 
Series oscilloscope. Shown above is a Tek 7603 mainframe 
housing the 7D02 logic analyzer with a personality module 
supporting the 6802 microprocessor. 

TektronOO 
COMMITTED TO EXCELLENCE 

For immediate action, dial our toll free automatic 
answering service 1-800-547-1512. 

For the address of your nearest Tektronix Field Office, contact: 
U.s.A., Asia, Australia, Central & South America,japan Tektronix, Inc., P.O. Box 1700, 
Beaverton, OR 97075, Phone: 800/ 547-1512. Oregon only 800/644-9051, 503/644-0161, 
Telex: 910-467-8708, Cable: TEKTRONIX 
Europe, Africa, Middle East TektroniX International, Inc., European Marketing Centre, 
Postbox 827, 1180 AV Amstelveen, The Netherlands, Telex: 18312 

Canada Tektronix Canada Inc., P.O. Box 6500, Barrie, Ontario L4M 4V3, Phone 705/ 737-2700 



Shown: a selection of Panasonic 
Lithium, Nickel-Cadmium and Mercury 
coin-type and Memory-Mount batteries. 
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Sf NSOR PROBE 

Fig 2 P-4 A IS. Subsystem is housed in pod that, in train­
ing, replaces sidewinder missile pod 
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Microprocessors are located in two of the seven AIS 

modules. One microprocessor is in the digital processor 
unit (Fig 4), where it integrates acceleration and angular 
rate data fed to it by the inertial sensor assembly, obtain­
ing velocity vector and position as well as heading, pitch, 
and roll angles. It then transforms all kinematic data into 
an earth-coordinate frame of reference. 

A second microprocessor is located in the digital inter­
face unit. This processor acts as a communications front 
end, interfacing between the first (kinematic) processor 
and the transponder. 

In an early version of the P4 pod, these two 
microprocessors are 8080s, but, in the more advanced P4S 

pod, 8085s are used. A third 8085 is present (in the digital 
interface module of the advanced pod) for interfacing to 
the serial data bus onboard the aircraft. This data bus has 
thus far been implemented only on the F16 and F18 air­
craft, and, therefore, the P4S is initially being used only 
with them, although eventual upgrading will include 
other craft. 

Kinematic data transmitted from the AIS are received at 
TIS tracking stations, which are the second of the four 
subsystems. The TIS normally consists of seven remote 
stations and one master station. At remote stations, 8085 
microprocessors act as communications controllers, pro­
viding diagnostics, timing and sequencing, and data for­
matting, and responding to specific condition indicators, 

(continued on page 80) 

I DEsitccT~R L ___ _ _ ___ I AIRCRAFT 
-..tr---+- WEAPONS 

Fig 3 Block diagram of AIS . Digital processor 
unit operates on inputs from inertial sensor 
assembly to obtain aircraft stat of motion. This 
information and weapon simulation data proceed 
via digital interface unit to transponder for relay 
to tracking stations 
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LOGIC 
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COMPLEMENT 

MULTIPLIER 
16 x 16 

such as alarms . Data from these remote stations are 
transmitted to the manned TIS master station , where ad ­
ditional data communications control is carried out. Since 
all of the remote stations can track all of the participating 
aircraft , one of the tasks of the master station is to select 
optimum station / aircraft pairings for acquisition of data 
from the aircraft and retransmission to the CCS sub­
system . 

A Perkin -Elmer Interdata 8/ 32 minicomputer handles 
the processing requirements at the TIS master station . 
This situation is to be modified with the introduction of an 
unmanned TIS master station , in which processing will be 
conducted by 8086s . 

The TIS provides continuous , simultaneous identifica­
tion and tracking of the 8 combat planes in all attitudes , 
as well as the capability to track 12 additional escort air­
craft by position only . (Upgrading will allow tracking of 16 
combat planes plus 24 escorts .) Uplink capabilities pro­
vide for the transmission of correction signals to the on ­
board inertial reference unit in the AIS, while the 
downlink transmits all inertial and mission dependent in ­
formation from the AIS. Data rates are 62k baud for 
ground to air , air to ground , and transmission from the 
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Fig 4 Digital processor 
unit of AIS . CPU is 8080 
or 808 5 , depending on 
subsyst e m co nfigura ­
tion 

TIS remotes to the master station . All of these rates are to 
be upgraded to 198k baud . Range measurements are ob­
tained at least every 200 ms for the aircraft in the combat 
simulation and at least every 2 .4 s for range-only data 
relating to the escort craft. 

Data from the TIS master station are received at the 
CCS (Fig 5) , which is essentially a data processing center 
staffed by a programmer and a computer operator . 
There , four 8/ 32s operate on the raw data to provide a 
full kinematic description of all eight aircraft and weapons 
in the test region . The CCS corrects the inertial data 
originating within the AIS with multilateration fixes from 
the TIS to provide outputs to both TIS and DDS. 

Each of the four CPUs has a specified task . The master 
CPU schedules operations for a ll four of the CPUs , 
responds to the TIS clock to control timing , responds to 
weapons information to initiate the running of the 
weapons simulations at the appropriate times , and for ­
mats output messages to displays. A second CPU 
calculates the tracking algorithm (to provide corrections 
to the TIS and state of motion information to the DDS) , 
and the remaining two CPUs provide the logic for the 

(continued on page 82) 
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P4 or P42 AS NEEDED 

MULTIPLE VISUAL 
ATTRIBUTES 
PER YOUR 
SPECIFICATIONS 

SPECIAL KEYS FOR 
YOUR APPLICATION 

SYNCHRONOUS or 
ASYNCHRONOUS 1/0 
---- AS DESIRED 

SELF DIAGNOSIS 

LINE DRAWING 
CAPABILITY 

A terminal whose parameters can change with your requirements! 

No\N available \Nith attractive discounts 

Call for applications assistance and delivery 

~~~! (800) 453-9454 
CALIFORNIA Costa Mesa (714) 540-8404 •Sunnyvale (408) 738-1560 

FLORIDA Altamonte Springs (305) 830-4666 ILLINOIS Arlington Heights (312) 593-1565 
MASSACHUSETTS Woburn (617) 933-0202 NEW YORK New York (212) 682-2760 UTAH Salt Lake City (801) 355-6000 

WASHINGTON, D.C. (VA) Fa!ls Church (703) 356-5133 

EUROPE The Netherlands Phone 020-451522 

BEEHIVE INTERNATIONAL 
"A proven competitive manufacturer of smart terminals" 
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weapon simulations_ Weapon trajectories are simulated 
as a function of initial firing time , the velocity vector of the 
firing aircraft , and calculated tracking and homing inputs 
based on the updated location of the target relative to the 
weapon_ 

The four CPUs share 128k bytes of core memory , and 
each also has its own dedicated core memory of 128k or 
256k bytes . Peripherals in the subsystem include a line 
printer , card reader , CRT displays , magnetic tape drives , 
and two disc drives . 

Display and Debriefing 

Located in a van or building , the DDS uses an Adage 
GS330 display controller to operate a strokewriter CRT and 
color projection displays. Each of two consoles in the 
trailer provides a pair of 21" (53-cm) display screens. 
Typically , one screen on each console shows a graphics 
simulation of the aircraft that are engaged in the combat 
exercise , while the second screen displays tabular data 
relating to the performance of the eight aircraft and in ­
teractions between aircraft pairs (Fig 6) _ 

Various graphics displays are possible . One of these , a 
plan view of the test range , can be set to show a square 
area either 40 or 100 nautical miles (74 or 185 km) on a 
side , including not only the aerial region within that 

(continued on page 86) 
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128k-BYTE 
SHARED 
MEMORY 

DISC 

Fig 5 CCS utilizes four central processing units . 
Specific tasks such as tracking algorithm, 
weapon simulation , and timing/control are 
assigned to specific CPUs 

Fig 6 DDS console. On left screen is F- 106 cockpit view 
of second aircraft . Right screen lists relative locations and 
velocities of aircraft pairs , right-hand column (for example) 
indicating aircraft #1 in coordinate system of aircraft #2, 
as shown by 2 / 1 column head . Lower part of right screen 
lists parameters relating to eight participating aircraft 
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New 96K word module. 
LSI-11/23 compatible. 

Tl's growing memory systems family. 
Quality. Reliability. Compatibility. And 
a new addition to our TMMlOOOO Series 
as the TI memory systems family keeps 
growing. 

TMMlOOOO Series 
• 64K words or new 96K words 
• Optional parity 
• Standard "dual" DEC board 
•Low power 

TMM20000 Series 
• 256K word/128K word high-density 

versions 
• Error detection/correction enhances 

system reliability 
• Error correction transparent to 

operating system 
• Fully compatible with PDP-11/34 and 

the recently announced PDP-11144 
UNIBUS+ computers 

r------------------------------------, 
Texas Instruments Incorporated ~ I 
Semiconductor Group I 
P.O. Box 1443, MIS 6958 ·n I 
Houston, Texas 77001 U/ I 

Before I order, I'd like to know more about: I 
D TMM10000 modules D TMM20000 modules D Custom memory modules l 
Name I 

I 
~~~ I 
Address I 

I 
City State Zip I 

L-----------------------------------~ 

• Addressing capability to two 
megawords 

• Low power 
• Programming options: Modified or ex­

tended UNIBUS, I/O page size, con­
trol status register address location 
and error status register. 

All TI-designed add-in memory sys­
tems employ state-of-the-art 5-V MOS 
dynamic RAM technology. 

Custom capability 
If you need custom memory systems in 
production quantities, be sure and talk 
to TI. We'll custom-design modules for 
specific applications with the same me­
ticulous attention to cost-effectiveness 
that our standard modules offer. 

For immediate delivery from stock, 
call Integrated Memory Systems at 
(713) 490-3746, your nearest semicon­
ductor distributor or TI field sales 
office. Or, send us the coupon for more 
information. 

TEXAS INSTRUMENTS 
+ Trademark Digital Equipment Corp. 

© 1981 Texas Instruments Incorporated INCORPORATED 85214A 
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Introducing the lntelleC" Series Ill. The 
system for designers who want the 
technological heights. 
Only Intel offers both state-of-the-art microprocessors 
like the iAPX 86, iAPX 88 and 8051, plus development 
systems like our new Series Ill, that let you reach new 
highs in performance. 
To reach the top of the VLSI design 
world, it fakes technologically advanced 
products. The iAPX 86, the industry's 
highest performance 16-bit micro­
system. The iAPX 88, the industry's 8-bit 
price-performance champion. The 
8051, the industry's most powerful 
single-chip microcontroller. And the 
industry's only development system that 
fully supports the newest technology: 
the lntellec® Series Ill. 

Get versatility and performance 
in one development system 
Series Ill is the only development 

system that supports design efforts 
varying from signal processors, through 
universal peripheral interfaces and 8-bit 
microprocessors, to powerful , 16-bit 
microsystems. And does it all at either 
the component or single-board­
microcomputer level. That's because 
the Series Ill 's dual processor (8085, 
8086) architecture always provides the 
right level of functionality for any 
development project. Plus, the Series 
Ill 's one megabyte address space and 
7.5 megabyte hard disk capacity allow 
you to increase compilation throughput 
by a factor of 5- compared to previous 

lntellec® Series Ill Development System 

lntellec systems-while accommo­
dating unusually large, stand-alone 
development projects. 



development 
challenge of 

Prepare now for future growth 
The new Series Ill represents the latest 
-and highest-performer in Intel's line 
of planned development solutions. 
This line includes the Series 11 , for 8-bit 
development projects, and the new, 
/ow-cost Model 120 for smaller 8-bit 
projects that require an entry level 
development system. These systems 
provide a natural upgrade path for 
stand-alone development efforts. 
For large, multi-user projects, Intel offers 
a second upgrade path: the new NDS-1 
network development system. With 
NDS-1, all lntellec stand-alone models 
can be tied into a distributed develop­
ment configuration. NDS-1 supports up 
to 15 megabytes of disk storage, and 
provides resource sharing for up to 
eight lntellec systems. So now you have 
the flexibility to use any of the lntellec 

system technologies in projects ranging 
from small, stand-alone efforts, to large, 
complex systems. 

Get the broadest range of 
languages and in-circuit emulators 
To shorten development cycles and get 
your products to market sooner, lntellec 
systems provide the broadest range of 
design/development tools in the industry. 
High-level programming languages, 
such as Pascal , our block-structured 
application language; PL/M, our systems 
implementation language; and our 
ANSI-compatible FORTRAN. Plus 
macroassemblers for every program­
mable Intel device. ICETM in-circuit 
emulators, available at the same time a 
new Intel device is available. A world­
wide training network. On-site training 
programs. Field maintenance, including 
a toll-free hotline. Plus the largest staff 
of field applications engineers in the 
semiconductor business. 

That's our full spectrum of development 
system solutions. And only Intel offers it. 

TYPE CPU SUPPORT 

2920 Assembler 
ANALOG 2920 High-Level Compiler 

Simulator 

SINGLE- 8048,8049 ASM48, ICE49™ 
CHIP Multi-ICE™ 

8022 ASM48, ICE49™ 

8041A ASM48, ICE41A™ 
Multi-ICE"' 

ASM80, PL/M 
8-BIT 8080,8085 Pascal, FORTRAN 

COBOL, BASIC 
ICE80"'/ICE85™ 
Multi-ICE"' 

ASM88,PL/M 
iAPX 88 Pascal, FORTRAN 

ICE88™ 

ASM86, PL/M 
16-BIT iAPX 86 Pascal, FORTRAN 

ICE86"' 

iAPX86/20, 
ICE86/88™ 

Extensions 
iAPX 88/20 ASM89 
(numeric data Real lime 
processor) Breakpoint 

iAPX 86/11 , 
Facility (RBF) 

iAPX 88/11 
(with8089 
1/0 processor) 

Intel's Total Hardware/Software Support 

Protect your development 
system investment 
All lntellec systems delivered since 1975 
can be upgraded to the latest develop­
ment system technology. And they'll 
continue to be upgradable in the future. 
That's because lntellec systems are 
planned as a progression of products 
that keep pace with rapid microcom­
puter advances. Thus lntellec systems 
enable you to be first in using the latest 
technology. More importantly, they protect 
your development system investment. 
That's critical, both now and in the future, 
because today's lntellec systems will 

support the next generation of micro­
processors: the iAPX 186 and iAPX 286. 
And allow you to transfer design skills 
from one generation of products to 
another, cutting down on retraining time 
and costs. 

COST 

lntellec® Upgrade Path to Investment 
Protection 

All of which comes down to this: Only 
Intel offers both state-of-the-art advances 
in microprocessors and the upgrad-
able development systems to support 
them. They go hand in hand. So, when 
you're considering the problems of tech­
nology change, varying levels of project 
complexity, and system upgradability, 
remember: Intel delivers complete devel­
opment system solutions. And only Intel. 

For further information, contact your local 
Intel sales office/distributor, or return 
the coupon to Intel Corporation. 3065 
Bowers Avenue, Santa Clara. CA 95051 . 
Telephone ( 408) 987-8080. 

D Please send me more information on 
lntellec® Development Systems. 

D I have an lntellec system. Please 
send upgrade information. 

Processor(s) being used: _____ _ 

Language(s) being used: _____ _ 

No. of planned programmer 
workstations: _________ _ 

Title/Organization----------

Address ___________ _ 

City/State/Zip __________ _ 

D I have an immediate requirement. 
Please telephone me at: 

CD1 

Europe: Intel International, Brussels , Belgium. 
Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet. 
Hamilton/Electro Sales, Harvey, Industrial Components. 
Pioneer. L.A. Varah. Wyle Distribution Group, Zentronics. 



perimeter, but also ground features including 
3-dimensional contours of prominent hills or mountains 
on the range. Aircraft participating within the region ap­
pear as simplified shapes with attitudes, velocities, and 
locations relative to one another and to the range 
represented. 

Another display is the centroid, in which a cube­
shaped region is shown, measuring 2.5, 5, 10, 20, or 40 
nautical miles (4.6, 9, 19, 37, or 74 km) on a side . Ini­
tially, this cube is centered at the centroid of a selected set 
of participating aircraft. For example, the centroid could 
be that of all participating aircraft, a selected pair or 
triplet, or a single aircraft (in which case, the centroid 
would be identical to the location of the specified craft) . 

The centroid point remains fixed in its initial position, 
so that all aircraft (including those used to calculate the 
initial centroid) move relative to this fixed point. In other 
words, the fixed point remains the centroid of the initial 
configuration , not the centroid of the updated configura­
tions. The entire display can be rotated about an axis · 
through the centroid. This rotation can occur about the 
local vertical or about a horizontal axis normal to the 
viewer's line of sight as he faces the display . By combin­
ing these rotations, the viewer can see the cubic region in 
any orientation. 

Symbols (Xs) on the terrain part of the centroid display 
indicate the normal projections of aircraft locations onto 
the ground. As the cube is rotated into a plan view, these 
Xs fall directly below the pictorial representations of the 
aircraft and are no longer visible. For this situation, with 

t------------------------------------------------1 

86 

Fig 7 CRT display utilizing 5-nautical mile (9 -km) centroid 
view shows Navy F-14 Tomcat (lower left) and A -7 Corsair 
II about to engage in air combat exercise . Solid trail in­
dicates recent path of left wing tip, dashed trail of right 

tilt angle equal to 0, the centroid display becomes iden­
tical to the plan view display, except possibly for scale . 

The recent path of each aircraft is indicated as a solid 
curve representing the locus of the left wingtip and a 
dashed curve representing the locus of the right wingtip . 
Other symbols shown in the display include dashed-line 
trajectories of weapons and a box symbol surrounding an 
aircraft that has suffered a simulated hit by a weapon . 

A third mode of display (Fig 7) presents the view from 
the cockpit of a selected aircraft . This mode places the 
viewer inside the cockpit, presenting outlines of the 
canopy and of aircraft in the field of view . The viewed air­
craft will move relative to the canopy outlines, as a func ­
tion of the relative motions of the viewed and viewing air­
craft. 

In all modes, aircraft and weapon locations , attitudes , 
and states of motion are updated on the display every 
100 ms. When direct communication between an aircraft 
and tracking station is not possible , update is based on 
extrapolation rather than on newly received data . 
Displays are not stored in memory but are based on 
calculations from the raw kinematic data. Therefore , 
upon replay, any of the display modes and parameters 
can be selected. Hard copies of displays are available 
through a printer peripheral . 

Typically, two consoles are provided in the DDS sta­
tion, one used by blue team members, the other by red. 
Each team is able to select displays independently. By 
delivering verbal feedback to the pilots via uhf voice 
radio, trainers or trainees at the console can participate in 
the tactics of the simulation. 

For debriefing purposes, a pair of large display screens 
[4' (1.2 m) square] on a wall duplicates the displays on 
the 21" (53-cm) screens of one of the consoles, adding 
color such as blue and red aircraft symbols as pro-
grammed. These large displays make it possible for 
viewers in a small theater to watch the details of the 
simulation. 

An upgrade of the existing system will make it possible 
for a ground controller, operating at the console, to fly a 
drone, which would be attacked by aircraft mounting live 
weaponry. The updated location and orientation of the 
drone would appear on the display, as would the 
graphical symbols of the aircraft. Placement of the 
drone's intelligence in the DDS station rather than in the 
drone offers significant savings by reducing target ex­
penditure. 

Summary 

Combining instrumentation, data communications, 
display , and control capabilities , the realtime system 
brings an activity previously subject to limited observation 
into an exact, accessible format. A significant attribute of 
this system is its turnkey capability , allowing military pilots 
without special computer training to operate it after only a 
few hours of familiarization . The safety and effectiveness 
·of air combat training has been greatly enhanced , with 
significant cost reductions , in an operation that offers in ­
sights that were essentially out of reach in previous 
approaches . 
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CC & AS BRIEFS 

Single Board Contains Full Intelligent 
Measurement and Control System 

Sensor signal conditioning, analog 
multiplexing , analog to digital conver­
sion , digital input/ output ports , power 
supply , and serial communications link to 
the host computer are all included on the 
single printed circuit board µ,MAC -4000 in ­
telligent measurement and control 
system . One precalibrated master board 
accepts 4 , 8, or 12 analog input chan­
nels; three expander boards can be 
added to form a cluster with a total of 48 

channels; and up to 384 channels can be 
provided in a multicluster configuration . 
An onboard microcomputer scales, 
linearizes , and converts input data to 
engineering units ; stores the results in 
random access memory ; and then up­
dates the stored data at a rate of 15 or 30 
channels/ s-unburdening the host of 
these duties . 

Any computer or terminal that has a 
20-mA or RS-232-C port can serve as host, 

4-WIRE ,------
FULL- DUPLEX 1 

I 
I 

5V ----i 
-15 v 4-r----1 

15 v 

with the control system used either as a 
local front end in the control room or 
remotely at a distance of up to lOk ft 
(3 km) . Control is maintained by a com­
mand set in firmware via a serial interface 
bus . When commands are executed, 
results are sent to the host in ASCII format 
at speeds up to 9600 baud . 

The manufacturer, Analog Devices , 
Inc , Rte 1 Industrial Park, Norwood , MA 
02062 , has introduced the microcom­
puter based µ,MAC -4000 for industrial and 
laboratory applications, and particularly 
for the factory environment in which 
small clusters of sensor 1/ 0 must be 
measured and controlled . Input protec­
tion of 130 Vrms , high channel to chan­
nel and input to output isolation common 
mode voltage isolation of ± 1000 Vac , 

24-V DC POWER INPUT --.--, 
AC THRESHOLD I 
DETECTION I 

I 
I AC 

POWER 
INPUT I 

I 
I 

POWER SUPPLY I 

(continued on page 91) 

MODE SELECTION 
PROGRAMMABLE 
COMMUNICATION 

INTERFACE 

L - - - - - - - - - _J 

8 8 

(UART) 
8085A 
CPU 

mo CHANNEL ,__.,___+------.,__ __ A_DD_R_ES_S_B_U_S __ __,.__.o-----+--e--+---+----

EXPANDER EXPANSION DATA BUS 
BOARDS 

PORT ,.........,.........__,..__ ___________________ __.~--+---

----.---

D 
8 CHANNELS 8 CH ANNELS 

DIGITAL I /0 

ANALOG INPUT 

r- - - ., E3 ~~L~CT 
I Ml I SWITCH 
I SOCKET I 

i-.-r r 
4 ANALOG 
CHAN NELS 

r - - -, 8~~L~CT 
I M2 I SWITCH 
I SOCKET I 

l 1 l_tJ 
4 ANA LOG 
CHA NNELS 

ANALOG INPUTS 

CONTROL 
LOGIC 

CHANNEL 
ADDRESS 

BOARD IDENTITY 
(DIP SWITCH) 

QMX IDENTITY 
(DIP SWITCH) 

r- - - -, 8 ~~L~CT 
I M3 I SWITCH 
I SOCKET I 

11-.-r 
4 ANALOG 
CHANNELS 

* NOT ON EXPANDER BOARD UP TO 3 QMX MOD ULES OF ANY COMBINATION 

/LMAC -4000 masterboard block diagram . In­
put data are linearized , converted to engineer­
ing units, stored in RAM , and contin uous ly up­
dated by CPU . Full -duplex UART, w hich 
receives and transmits data at serial 1/0 port, 
is jumper se lectable for either RS -232 -C or 

4 -wire TTY 2 -mA current loop operation. Ex­
pander boards , which increase number of 
available channels, contain same components 
as master board except for actual control and 
communications interface devices 
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Plug in to CRDS 
.. ~ for complete 

Sl-11 systems 
\fMF·211- • 

Software 
Your choice of: 
• RT-11 
•RSX-HM 
• U/V6 (UNIX*) 

MF-211/411 
• LSl-11/2 with 32K words or LSl-11/23 

with 64K, 96K or 128K words 
• RX02 Equivalent Dual Floppy Systems, 

Single-Sided or Double-Sided, 
Dual Density 

• Quad Serial Interface 
• 8 Quad Slot Backplane 

When you plug in to Charles River Data 
Systems you plug in to innovative, practical 
solutions to your system design requirements. 
Solutions like our double-sided, double­
density floppy disk systems-offering one 
megabyte of RX02 equivalent storage per 
drive. Or our Winchester drive with cartridge 
tape back-up for fail-safe reliability-in a sin­
gle enclosure, with a common controller card. 

You can purchase each of our compact, 
reliable components separately to expand or 
complete a system. Or combine them in your 
choice of configurations for powerful, multi­
user, general purpose computers in a single, 
cost-effective package. 

Equally at home as R & D systems or as 
the basis for business and process control sys-

®Trademark of Digital Equipment Corporation . 

HD-11/HD-11 T 
• Shugart Winchester Drive with 

21 Megabyte Capacity, Software 
Equivalent to Four RLOl's 

• DEi Cartridge Tape Back-up (HD-llT) 
•Controller Card with RLOl Instruction 

Set Compatibility 

terns, CRDS systems are based on the DEC 
LSI-11/2 or LSI-11/23, with from 32K to 128K 
words of MOS memory. Peripherals avail­
able include a 21 megabyte Winchester fixed 
disk system; single- or double-sided floppy 
disk drives; and a 3M cartridge tape back-up 
for the Winchester disk. Software systems 
available include RT-11, RSX-11, and U/V6 
(UNIX*). 

Whichever configuration you choose, 
you're assured of plugging in your system 
fast, because CRDS delivers most products in 
30 days! 

For complete specifications, and to dis­
cuss the configuration or components that 
best meet your needs, call CRDS Marketing 
at (617) 655-1800. And plug in to CRDS today. 

·uNIX is a registered trademark of Bell Laboratories. 

-l~CT[)D~l--c-h_a_r_~_s_R_iv_e_r_o_a_~_s_v_s_~_m_s_,_1n_c_. __ wn iJ 4 Tech Circle, Natick, MA 01760 •Tel. (617)655-1800 •TWX (710)386-0523 
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high common mode rejection of 160 dB, 
normal mode rejection of 86 dB, low drift 
amplification, and rfi/ emi immunity en­
sure performance . A high accuracy pro­
grammable gain amplifier and a 13-bit in­
tegrating ADC preserve signal integrity. 
Selection of standard signal conditioning 
modules enables direct connection to a 
wide range of sensors. 

Intelligent measurement and control 
system. Microprocessor unburdens host 
computer by performing many control pro­
cedures on the board . Screw terminals are 
provided for direct sensor connection. 
Plug-in signal conditioning modules are 
chosen to match sensors used in specific 
application . DIP switches select even or 
odd parity and baud rates up to 9600 

Expanded systems consist of a 
9 .5 x 13" (24 .1 x 33-cm) master board, 
expander boards , and a digital 1/0 sub­
system . ADC, 8085A CPU, 4k of RAM, 64k 
of ROM, and universal asynchronous 
receiver/ transmitter (UART) communica­
tions interface on the master board are 
shared by the expander boards. The 
digital 1/0 subsystem interfaces to the 
other boards through the digital 1/0 port 
and permits use of the system with the 
power control circuits and loads common 
to heavy industrial environments. Each 
expander board , as well as the master 
board , contains an onboard power sup­
ply ; the 1/0 subsystem requires a separate 
5-V source . 

As many as three plug-in QMX 

multiplexer modules can be accom- . 
modated . (See the diagram.) Channel in­
put data are measured , stored , and 
transmitted in terms of de voltage, 
degrees Celsius or Fahrenheit, or 0 to 
± 100% of span. A QMX input multi­
plexer carries out transducer signal condi­
tioning; when the proper input module is 
selected and the onboard DIP switches are 
set , the QMX module and the program­
mable gain amplifier are programmed to 
scale the analog signal to the input range 
of the dual-slope ADC. A factory set rate 
of 15 conversions/ s can be increased to 
30, but results in reduction of the normal 
mode rejection ratio . D 

EXORciser*I & II 
MEMORIES 

MM-68000 

MM-6800/ 16 

MM-680051 

$600 
64KB DYNAMIC - 2MHZ 

* Hidden or Cycle Stealing Refresh Switch 
Selectable 

* Even Parity with Jumper Selectable to NMI, 
to Parity Error or to DSB 

* Selectable in 4K Increments on either UVA 
or VXA Controls 

* Write Protect Control in BK Byte Increments 

$849 
16KB CORE - 1MHZ 

* Non-Volatile - No Back-up Battery 
* Power Monitor for Data Retention 
* Write Protect in 2K Blocks 
* Module Select in 4K Increments 
* No Wait States or Refresh Delay 

$650 

32KB STATIC - 1MHZ 
* Single + 5V Supply 
* Even Parity with Jumper Selectable to NMI, 

to Parity Error or to IRQ 
* Module Select in 4K Block Increments 
* Software Write-Protect in BK Bytes from 

Terminal 

MODEL PRICE SPEED POWER SIZE 

MM-680081 $650.00 450ns 18 Watts 32KX9 
MM-68008 $850.00 210ns 6 Watts 32KX9 

Temperature Cycled and Burned-in During Memory Diagnostic 

ONE YEAR WARRANTY ON PARTS AND LABOR 

r'iill'cro 
Aemory Inc 9436 Irondale Ave. 

Chatswort h, Cal ifornia 9131 1 
"trademark of Motorola Corporat ion Telephone : (213 ) 998-0070 
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Data Systems Design's 
DSD 880 

Introducing the DSD 880 -
A DEC-compatible 

disk system combining 
eight-inch winchester and floppy disks 

For DEC users who need more capacity and performance than an RX02, the DSD 
880 now offers a more cost effective alternative than a dual RL01. Consider these 
benefits offered by the DSD 880: 

• significantly lower initial and total life-cycle costs 
• the reliability of a winchester, with 7.8 Mbytes, emulating RL01 
• the removability of a floppy disk, with 1 Mbyte, emulating RX02 
• valuable saving in rack space ( 5%'' vs. 21" for dual RL01) 
• unique "hyperdiagnostics" enabling fast and easy trouble-shooting to the 

modular level 
• built-in bootstrap eliminating the need for an expensive DEC bootstrap board 

and saving a backplane slot 
• one half-quad backplane slot vs. two quad boards for the RLV11 
• versatile interface card for easy integration with any LSl-11 backplane, unlike 

DEC's RLV11 interface that needs a special backplane and cannot 
be used with the VT 103 terminal 

Compare for yourself and see why nothing compares to the DSD 880. 

~ 
The Intelligent Alternative to DEC Disk Systems 

To get more information on the DSD 880 call or write: 

CORPORATE HEADQUARTERS: 
2241 Lundy Avenue 
San Jose, CA 95131 
TEL: (408) 727-9353 
TWX: 910 338-0249 

WESTERN REGION SALES: 
2560 Mission College Blvd. , Suite 108 
Santa Clara, CA 95051 
TEL: ( 408) 727-3163 
TWX: 910 338-0249 

EASTERN REGION SALES: 
51 Morgan Drive 
Norwood, MA 02062 
TEL: (617) 769-7620 
TWX: 710 336-0120 

INTERNATIONAL SALES: Australia, Melbourne (03) 543-2077, Sydney ( 02) 848-8533; Canada (416) 625-1907; Denmark 01/83 34 00; 
Finland 90/88 50 11 ; France 03/956 81 42; Israel 03/ 298783; Italy 02/ 4047648; Japan, Osaka (06) 323- 1707, Tokyo (03) 345-1411 ; 
Netherlands 020/45 87 55; New Zealand 4-693-008; Norway 02/78 94 60; Sweden 08/38 03 70; Switzerland 01 / 730 48 48; United 
Kingdom 01 /207-1717; West Germany and Austria (089) 1204-0. 

® Registered trademark of Digital Equipment Corporation CIRCLE 55 ON INQUIRY CARD 



International Solid State 

Circuits Conference 

Grand Hyatt Hotel, New York, New York 

February 18-20, 1981 

Bruce A. Wooley 
Program Chairman 

1sscc '81, in its 28th year, will stress the new era in 
digital electronics, in particular the dynamic trend 
toward significant increases in the number of bits per 
chip for VLSI and related microcircuits. The program 
schedules more than 50 papers to be given during 15 
daytime sessions, with 10 panel sessions to be held on 
Wednesday and Thursday evenings. Authors and 
presenters from the U.S. and throughout the free world 
will number over 300. 

The formal opening of the conference, at a special 
double session beginning at 1: 30 pm on Wednesday, will 
consist of welcoming remarks by program chairman 
Bruce A. Wooley of Bell Laboratories and by executive 
committee chairman J. A. A. Raper of General Electric, 
award presentations, and the keynote address. Among 
the awards to be presented are the IEEE Cledo Brunetti 
Award, which will go to Donald R. Herriott of Bell 
Laboratories, for key contributions to the development 
of a practical beam system for fabrication of IC masks 
and to other aspects of microlithography; the 1sscc 
Beatrice Winner Award for Editorial Excellence; and 
the 1sscc Best Paper Awards. Jerome J. Suran, staff 
executive with the technical systems and materials sector 
technology operations of General Electric Company, 
and a past president of IEEE, will deliver the keynote ad­
dress, "The Technology Thrust of New Era 
Electronics." 

94 

ULSI and VLSI 

Jerome J. Suran 
Keynote Speaker 

A hierarchy of limits governing ultra-large scale integra­
tion will be defined in the invited paper opening the ses­
sion on Solid State Devices (session 3, Feb 18, 9-11 :45 
am). This report will also describe circuit performance 
to project minimum dimensions for NMOS transistors, 
polysilicon resistors, and interconnections, and will 
assess possible future levels of ULSI. Other presentations 
during this session will concern an experimental floating 
gate FET with two capacitively coupled control gates for 
a nonvolatile and electrically alterable application (an 
enhanced conduction insulator under one control gate 
charges and/or discharges the floating gate); a merged 
bipolar I JFET structure with a 50-V breakdown and f T of 
0.5 GHz for a standard 5-V digital process; the satura­
tion velocity operation of a silicon Hall device to 
achieve high magnetic sensitivity independent of bias 
voltage and temperature; and an active ballasting 
technique to fabricate an oxide passivated power tran­
sistor with f T of 50 MHz and capable of continuously 
dissipating 250 W with collector voltages above 200 V. 

VLSI Microcomputer Systems (session 9, Feb 19, 
9 am-12:15 pm) will describe a fully integrated 32-bit 
VLSI processing system made up of six VLSI chips (with 
up to 600k transistors/chip), including a 32-bit CPU, 110 

(continued on page 96) 
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TOREN/GAYNOR 

Announcing the latest addition to 
the highly successful OP-1 family 
of display computers ... the 
OP-1/15. 

Designed as an intelligent user­
programmable work station or 
low-_cost standalone system, the 
OP-1/15 is housed in an attractive 
desk-top enclosure. Its advanced 
styling includes a modern, low 
profile keyboard and tiltable 
CRT display. 

A large 15 inch display monitor 
provides 25 lines of crisp and 
clear character presentation. 
Sophisticated video enhance­
ments such as reverse, blink, bold, 
underline and suppress are 
standard and under program 
control. 

The OP-1/15 is compatible with 
Ontel's wide selection of software. 
It may be configured with up to 
64K of RAM and 16K of PROM 
storage. Integral serial and paral­
lel adapters provide communi­
cations capabilities for cluster 
operation with local printing. 

Optional features include a match­
ing dual mini-diskette console 
with OMA-based controller for 
more than a half-megabyte of local 
storage. Most standard Ontel pe­
ripheral controllers may be used 
as the high speed 1/0 port on the 
OP-1/15. 

Contact me today for additional 
information including our very 
attractive pricing and delivery. 

Douglas Wagner 
National Sales Manager 
Ontel Corporation 
250 Crossways Park Drive 
Woodbury, NY 11797 
(516) 364-2121 
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processor, memory controller, 128k-bit RAM and 
528k-bit ROM. An NMOS VLSI fabrication process for the 
chips in the 32-bit VLSI processing system just men­
tioned makes use of optical lithography with a 2.5-µm 
pitch and double-layer metallization. Another paper 
will cover a 16-bit NMOS microprocessor which com­
bines a minicomputer instruction set with a micro­
processor bus. Four other papers during this session will 
discuss a 32-bit VLSI micromainframe computer system 
and its components. Subjects include the architecture 
goals and the circuit, logic, and process technology ob­
jectives; a 335-mil square micromainframe execution 
unit chip that accepts, decodes, and executes the con­
tinuous stream of microinstructions received from the 
sequencer in the basic computer; a 320-mil square in­
struction decoding unit chip, containing more than lOOk 
transistors, that decodes the bit aligned, variable-length 
instructions and produces the microinstructions and 
data necessary for execution; and the 342-mil square 110 

interface processor chip. 
VLSI Logic (session 16, Feb 20, 9 am-12:15 pm) will be 

the subject of one of the three concurrent closing ses­
sions on Friday. Papers to be given include a description 
of an 8-bit single-chip microcomputer having two non­
volatile NMOS memories; the chip contains both a 
1 k-byte program store and a 60-byte realtime rewritable 
data store. Another paper will report on a 16-bit 
CMOS/ NMOS sos 12k-gate microprocessor which in­
volves a barrel shifter and a multiplier; the chip features 
a 300-ns cycle time with only 600-m W power dissipa­
tion. A 1-µm bipolar VLSI convolution device, ap­
plicable to many digital signal processing requirements, 
contains 16,200 devices, operates at 30 MHz, and con­
sumes only 700 mW. The last paper will discuss a 
bipolar 2500-gate subnanosecond masterslice LSI, 
developed for random logic; it provides an average 
delay time of 0.8 ns/ gate and has a power dissipation of 
0.5 mW /gate. 

Three evening panel sessions, one on Wednesday, Feb 
18, and two on Thursday, Feb 19, will be on various 
aspects of VLSI technology. CMOS versus NMOS for VLSI 
(evening session 3) will present recent developments in 
high density, high speed CMOS memories and the con­
cern for lower power dissipation that makes the re­
examination of the CMOS/ NMOS issue timely. 

Packaging for VLSI Components (evening session 7) 
will deal with the problems that are expected when 
semiconductor components with as many as 106 devices 
become feasible in the near future. Design 
Methodologies for VLSI (evening session 8) will examine 
design cost and time both of which are escalating at an 
exponential rate as the complexity of ICs grows likewise. 

Memories and Related Techniques 

RAMs and other memory technologies will receive close 
attention in three separate daytime sessions. Static 
RAMs (session 1, Feb 18, 9-11 :45 am) will cover a 4k 
static RAM using 2-µm MoSirgate CMOS/ SOS technology 
with 18-ns access time, 200-m W operating power, and 
50-µ W standby power; an 18-ns/ 150-m W fully static 
4096 x 1-bit RAM using double poly HI -CMOSII 

96 

technology with 2-µm gate length; a 64k x 1-bit fully 
static MOS RAM, using 1.5-µm design rules, with 
multiplexed addressing, that is assembled in a standard 
300-mil 16-pin DIP; another 16k x 1-bit fully static RAM 
using double level poly sq1led NMOS technology (typical 
30-ns access time and 600-m W power dissipation); and a 
25-ns 16k x 1-bit static RAM using a double 
polysilicon/ molybdenum process. 

Memories and Redundancy Techniques (session 8, 
Feb 18, 3:15-6 pm) will investigate redundancy tech­
niques for static RAMs; fault-tolerant VLSI memory yield 
improvement; a 100-ns 64k dynamic RAM using redun­
dancy techniques; a 32k static RAM utilizing a 
3-transistor cell; and a 4k x 8-bit dynamic RAM with self­
refresh. On Thursday afternoon, Memory Techniques 
(session 12, Feb 19, 1 :30-5 pm) will cover a completely 
TTL-compatible, single 5-V supply, nonvolatile static 
RAM utilizing a 3-layer polysilicon process and a low 
current floating-gate tunneling approach. A report will 
discuss a 45-ns fully static l 6k MOS ROM that makes ex­
tensive use of small signal amplification and 0-V 
threshold devices to reduce active power to 350 mW and 
standby power to 75 mW. Another will describe a 
34-µm 2 DRAM cell fabricated with a 1-µm single-level 
polycide FET. Discussed in another report will be CCD 
multilevel storage techniques that result in increased bit 
density and decreased sense signal, citing design con­
siderations for multilevel storage. The technique of 
byte-wide magnetic bubble memory interfacing will also 
be described, along with the implementation of inter­
face circuitry associated with a 256k-byte memory. The 
last paper in this session will report on the development 
of a high speed, split-emitter cell designed to overcome 
the problem of small sense signals in injector-sensed 
IIL/MTL memories. 

Data Acquisition and Communication 

A-D converters will be the main subject of Data Ac­
quisition Circuits (session 6, Feb 18, 3: 15-6 pm). The 
first paper will report on a 12-bit ADC with integral track 
and hold fabricated in compound monolithic form. The 
next will describe an integrated 16-bit ADC for PCM 
audio systems, with an instantaneous sampling and 
coarse-fine integration techniques. Another paper will 
discuss a 2-chip CMOS ADC circuit, used in a handheld 
digital thermometer, that employs a compensating cir­
cuit for the reference junction of a thermocouple and a 
switching amplifier to resolve signals as small as 1 µ V. 

The subject of another report is an error-correcting 
14-bit / 20-µs CMOS ADC, fabricated on a 4.1 x 4.2-mm 
monolithic chip using a thin-film non-binary 17-bit DAC 
that resembles an R-2R ladder (with a radix of about 1.85 
instead of 2), a conversion algorithm, and a calibration 
EPROM. The session will also include a paper on a 
curvature-corrected micropower voltage reference. 

Close attention will be paid to single-chip devices in 
several papers in Telecommunication Circuits (session 
17, Feb 20, 9 am-12: 15 pm). These will include a 
description of an optically coupled crosspoint array 
with a >450-V breakover voltage, dV / dt > 2000 V l µs 

(continued on page 98) 
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TOTAL 
CDC COMPATIBILITY AND 

GREAT DELIVERY, TOO! 

The only thing worse 
than not having enough 
disk storage, is not be­
ing able to get enough 
disk storage. 

Fortunately, the 
Ampex DM-9300AO 
solves both problems. 
With 300 megabytes of 
reliable disk pack storage 
and off-the-shelf delivery. 

But the advantages of the 
DM-9300AO don't stop with deliv­
ery. It 's completely compatible 
with CDC's 300 megabyte drive. 
So disk packs can be inter­
changed, written on, or read by 
either drive. Of course, the industry 
standard SMD interface, and 
power sequencing of both units 
are also compatible. 

DM-9300AO disk pack swap­
ping is as easy as using them. Its 
large front opening has been de­
signed with the convenience of a 
top loader, and human engineered 
for minimal lifting. So even a 
20-pound pack is easy to insert 

11 

and remove. It's such a good idea, 
we're surprised somebody didn 't 
think of it sooner. 

But then, the DM-9300AO is 
full of good ideas. Like highly reli­
able on-track servoing, and a 
single port daisy-chain interface 
with ribbon cable that can be con­
verted-in the field-to an internal 
dual port. 

And the same goes for main­
tenance. Service requires only 
front , rear, or top access. Side 
access is eliminated, so you can 

AMPEX 

arrange the units 
side by side. What's 
more, the logic chassis 
in the rear of the 
unit swings out to 
provide easy access 
to all test points and 
connections. And 
extensive use of LEDs 
simplifies trouble­
shooting. 

The DM-9300AO has a lot to 
offer. But what's even better, is that 
it's all offered right now. With deliv­
ery that 's ready when you are. 

·The DM-9300AO. Just one of 
a complete line of Ampex plug 
compatible disk drive memories 
for nearly any CPU . 

For more information, contact 
Gary Owen at Ampex Memory 
Products, 200 North Nash Street, 
El Segundo, California 90245. If 
you're really in a hurry call him at 
213/640-0150. Or contact your 
local sales office. 

Either way, we won 't keep you 
waiting. 

MAKES THE DIFFERENCE. 
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no Other 
SWITCH LOCHS 
Leaue so Little 
to Chance 
Every component and feature in this line 
is designed to deliver top performance. 
Example: solderable faston type terminals 
made of silver plated copper alloy, rotary 
slide and wafer design switches and die 
cast "Zamak 3" zinc alloy bodies. Small 
wonder more and more manufacturers of 
computer terminals , data storage systems, 
test and measurement instruments and 
medical electronic equipment are 
specifying LECTRO-QUIP. 

From The Makers of 

Write or Call Today 

Illinois Lock Company 
A Division of The Eastern Co. 
301 West Hintz Road· Wheel ing , Ill inois 60090 

Phone 312-537-1800 
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capability, and > 5-mA gate sensitivity. One paper will 
describe a fully integrated CMOS filter I CODEC chip with 
an independent encoder I decoder, transmit/receive 
filters, and bandgap reference sources on the 30-mm2 

chip. Another will discuss a monolithic CMOS PCM 
CODEC with filters using charge distribution and 
switched-capacitor techniques on a 23.4-mm 2 active 
chip area. Still another paper will report on a PCM 
CODEC and filters integrated on a 30.4-mm2 chip using 
CMOS technology, and consisting of an en­
coder I decoder, switched-capacitor filters, and two PLL 
clock generators. 

Analog Devices and Advanced Circuits 

Session 10 (Feb 19, 9 am-12:15 pm) will cover Analog 
Filters and Oscillators. The first paper will describe a 
37-m W fully self-contained narrow-bandwidth recursive 
ban~pass with passive CCD resonators for FDM channel 
modems. The second will present results obtained for 
integrated 5th and 7th order Chebyshev filters based on 
switched-capacitor voltage-wave design, requiring only 
unity-gain buffers. The next paper will describe a 
monolithic Chebyshev CCD wave filter with low sen­
sitivity for FDM telecommunication systems. This will be 
followed by a report on a high frequency temperature­
stable monolithic voltage controlled oscillator . The last 
paper in this session will discuss a low noise chopper­
stabilized differential switched-capacitor filtering 
technique . 

Several interesting single-chip devices will be de­
scribed during session 13 on Advanced Circuit Applica­
tions (Feb 19, 1 :30-5 pm). Among these are a graphic 
display controller for a 256k-word x 16-bit display 
memory, permitting 800 ns/dot address calculation and 
drawing for sophisticated alphanumeric and graphic 
displays on raster-scan color CRTs. Another single-chip 
device is a fiber optic receiver circuit capable of 
operating at 200M-bit data rates with an NEP of 
36 dBm. 

Also considered during session 13 will be a library of 
self-testing VLSI cells for both online and offline testing, 
citing a 16 x 16-bit array multiplier with 9300 CMOS 
transistors as an example. A self-testing 1 k-bit ROM 
device that permits the test mode functional cw1version 
of peripheral subcircuits into test aids will be discussed 
in another report. 

Running concurrently, session 14 will cover Analog 
Techniques (Feb 19, 1 :30-5 pm). The first paper will 
report on a low noise bipolar op amp with excellent 
characteristics. This will be followed by a description of 
a 30-MHz photodetector with a heterojunction 
preamplifier. The third paper will describe an NMOS 
comparator for a bubble memory peripheral support 
chip. 

Session 14 will continue with a description of a 
4-terminal wideband monolithic amplifier. A technique 
will then be described for a cascade amplifier 
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nonlinearity correction that provides compensation for 
the diode nonlinearity of an emitter degenerated 
cascode stage by using an additional emitter 
degenerative pair. The last paper of the session will 
report on an open loop programmable amplifier with a 
maximum gain-bandwidth product of 1 GHz. 

Advanced Process Technology (session 15, Feb 20, 
9 am-12:15 pm) will include a report on a bulk CMOS 
technology based on HMOS offering such features as a 
high resistivity P substrate, diffused wells, and 2-µm 
channel length N- and P-channel devices. A second 
paper will discuss the quality of silicon on spinel epi­
taxially grown on spinel, and the characteristics of 
250-V bipolar ICs and MOS devices fabricated in the 
epitaxial silicon. Another technique that will be de­
scribed is the numerical simulation of impurities 
redistribution near a mask edge in general processing 
conditions. In conjunction with 2-dimensional device 
analysis programs, the simulation is a useful tool in 
understanding lateral effects in small geometry VLSI 
devices. 

The fabrication of a multiple self-aligned bipolar 
transistor with a sidewall base electrode will be covered 
in another report. A description will also be given of the 
super self-aligned process technology used to fabricate a 
static bipolar 256 x 4-bit ECL RAM (3 ns/lk bits) with 
typical access times of 2. 7 ns at 550 mW. The final 
paper in the session will discuss a self-aligned 
source/ drain planar device for ultrahigh speed GaAs 
MESFET VLSis. 

Informal panel discussions will be held on a variety of 
subjects during the first two evenings of the conference. 
In addition to the evening sessions previously described, 
one panel will assess the latest developments in power 
GaAs FET amplifiers, with emphasis on circuit design 
for performance and reliability. Concurrently, on 
Wednesday evening, there will be a discussion of speech 
synthesis techniques. 

On Thursday evening, a panel will discuss architec­
ture, bus design, software compatibility, high level 
language capability, and software functions to aid in the 
selection of microprocessor families. Concurrently, 
there will be panel discussions on the limits of precision 
analog ICs and on millimeter wave ICs. 

Registration 

Advanced registration (postmarked by Feb 2) is $50 for 
IEEE members and $70 for nonmembers. Late registra­
tion, or registration at the door, will cost an additional 
$10 for both members and nonmembers. A copy of the 
1sscc Digest of Technical Papers, containing edited and 
illustrated condensations of all papers, will be given to 
all attendees. Register by sending name and address, 
with the proper remittance in U.S. funds (make checks 
payable to: 1sscc '81), to: IEEE Solid State Circuits Con­
ference, Box 1625, Grand Central Station, New York, 
NY 10017. D 
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Now rolling on the fast track. The race is on for high volume production of 
double-sided eight-inch floppys. And Shugart's SA850/851 drives are ,-----...~~ 

widening their lead. The first OEM double-sided drives introduced in 
1977 were from Shugart and since then we've continued to invest 

our resources in perfecting the technology. After hundreds 
of man/years of R & D and production engineering, we've 

succeeded in bringing our OEM customers the most reliable, 
cost-effective and manufacturable double-sided drive in 

the industry. With more than 70,000 SA850/851 's already 
installed and production rolling into high gear, now's the 
time to get your double-sided product plans on the inside 

track with the Shugart Express. 

SASSO 
The inside track 

The perfect match. With 1.6 MBytes 
of unformatted storage, the 
SA850/851 drives are the perfect 
back-up solution for Winchester 
fixed disk systems. And since 
they're identical in size and 
1/0 compatible with our SA800 
drives, the SA850/851 's are the 
perfect match for upgrading 
existing single-sided floppy 
systems as well. Head and media 
problems are a thing of the past 
because our Bi-Compliant™ 
head assembly delivers the 
superior media compliance 

needed for solid data integrity and 
low wear. And our famous Fasflex™ metal 

band actuator delivers 3 ms access times with low 
heat dissipation and superb reliability. Match up the 

SA850/851 drives' quality and performance with your system 
requirements and you've got a winner-on any track. 

'"Trademark of Shugart Associates 



/851. 
for OEM success. 

Experience Curve Benefits. With more technological 
firsts and shipments of 11/2 million floppy disk drives, 

Shugart brings unsurpassed experience to its production 
of double-sided floppys. And we are continuing to 

reinvest in R & D, manufacturing technologies and 
customer support programs to bring you the most 

thoroughly engineered, most reliable double-sided 
floppys in the industry. Give us a call today for your 

reservation on the Shugart Express at one of our 
sales offices, or Hamilton/ Avnet outlets. D Shugart 
Associates: 475 Oakmead Parkway, Sunnyvale, 

CA (408) 733-0100. Sales & Service: Sunnyvale, 
CA; Costa Mesa, CA; Minneapolis, MN; 
Richardson, TX; Framingham, MA; Mt. 

Freedom, NJ; Atlanta, GA; Toronto, Ontario; 
Paris, France; Munich, Germany. D 

~®5hugart 
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COMPCON Spring '81 

Jack Tar Hotel , San Francisco, California 

February 23-26, 1981 

Theodore Laliotis 
General Chairman 

"VLSI in the laboratory, the office, the factory, the 
home ... " is the theme of COMPCON Spring '81, the 22nd 
IEEE Computer Society International Conference. A 
total of 36 sessions, nine in each of four areas of 
study-Architecture, Technology, Applications, and 
Software-will be held Tuesday through Thursday, 
February 24-26. On Monday, preceding the regular con­
ference program, three all-day preconference tutorials 
will be held on Distributed System Design, Local Com­
puter Networks, and Computer-Assisted Design and 
Engineering. 

General Chairman Theodore Laliotis of Hewlett­
Packard will officially open the conference on Tuesday, 
February 24, at 9:00 am. Following his welcoming 
remarks, he will introduce the keynote speaker, Carver 
Mead of the California Institute of Technology, who 
will address the conference on ''The Next Revolution in 
Electronics.,, 

A special all-conference program will be held on 
Wednesday, February 25, 3:30-5 pm. An invited paper, 
"Prometheus or Pandora: The Influence of Automa­
tion on Society,,, will be presented by Nobel Laureate 
Herbert A. Simon, professor of computer science and 
psychology at Carnegie-Mellon University. 

Special Attention to VLSI 

Particular attention will be paid to VLSI in eight ses­
sions, as well as in specific papers to be given in a 
number of other sessions. VLSI Forecasting will be the 
theme of the panel discussion in session 2 (Feb 24, 
1 :30-3 pm), and the problems of VLSI packaging will be 
covered by three papers in session 6 (Feb 24, 3 :30-5 pm). 
The European view of Applications for VLSI will be 
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2 
James Rudolph 

Program Committee Chairman 

given by several speakers from Western Europe during 
session 7 (Feb 24, 3 :30-5 pm). Four papers related to 
VLSI in Speech Processing will be presented during ses­
sion 11 (Feb 25, 8:30-10 am). 

VLSI Testing will be the overall subject for the three 
papers in session 22 (Feb 26, 8:30-10 am); and speakers 
from Western Europe will discuss Technological 
Development of VLSI during session 26 (Feb 26, 10:30 
am-noon). Five papers and a panel discussion on 32-Bit 
VLSI Computers will take two sessions on the last day of 
the conference: session 29 (Feb 26, 1 :30-3 pm) will cover 
Part I, and session 33 (Feb 26, 3:30-5 pm), Part II. 

Software 

Although the conference is nominally divided into four 
stems, many of the sessions have papers that 
demonstrate the effect of one stem on another. For ex­
ample, four papers planned for session 4 (Feb 24, 1 :30-
3 pm) will focus on the impact of software on micropro­
cessor architecture: Finding Architectural Commonality 
between Software and Hardware; Microprocessor Ar­
chitecture Which Reflects Software Requirements; Soft­
ware Impact on Microprocessor Architecture: A Case 
Study; and Computer Architecture in LSI: Lessons and 
Prospects. 

Other software topics will be covered during session 
12 (Feb 25, 8:30-10 am), a panel discussion on Ada: 
Fear and Loathing in Programming. Session 16 (Feb 25, 
10:30 am-noon) will present four papers on Operating 
System Topics; session 20 (Feb 25, 1 :30-3 pm) will be a 
panel discussion on Migrating UNIX to Micros; session 
24 (Feb 26, 8:30-10 am), another panel, will discuss 

(continued on page I 06) 
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Electrical and Electronics 
Engine·ering Book Club 

Ideas and answers at your fingertips 

THEORY & DESIGN 
Of 

SWITCHING 
CIRCUITS 

Take any 3 books for 
only $1.00 each (values to $71.40) 

if you will join now fo r a tri al pe ri od and ag ree to buy 3 more books- a t handsome di scounts-over the next 12 months. 

Now you can build a 
valuable professional library 
easily, conveniently and at 
great savings! Select your 
introductory books now and 
mail in the coupon today. 

(Publishers ' Prices shown) 

42175. DIAGNOSIS AND RELIABLE DESIGN OF 
DIGITAL SYSTEMS. Breuer and Friedman . $21.95 
36915. BUCHSBAUM'S COMPLETE HAND­
BOOK OF PRACTICAL ELECTRONIC REFER­
ENCE DATA. Walter H. Buschhaum . $19.95 
44080. ELECTRIC POWER SYSTEM COMPO­
NENTS. Stein and Hun1. $22.50 
44125. ELECTRICAL ENGINEERING LICENSE 
REVIEW. J ones and Lima. $16.95 
52170. HANDBOOK OF DIGITAL IC APPLICA­
TIONS. Da vid L. Heiserman. $21.95 
83380-2. THEORY AND APPLICATION OF DIG: 
ITAL SIGNAL PROCESSING. Rahiner and Cold. 
Co unts as 2 of.\•our J hook s. $29.95 
69750. A PRACTICAL GlJIDE TO COMPUTER 
METHODS FOR ENGINEERS. Tern· £. Shoup. 
Lis ts software with gui de lines for a pplica tion. 

$17.95 
77790-2. SEMICONDUCTOR DEVICES AND IN­
TEGRATED ELECTRONICS. A rth ur Ceo rJ!.e 
Miln es. Counts as 2 ofrour J book s. $26.50 
42033-2. DESIGN OF SOLID-STATE POWER 
SUPPLIES. Eugene Hnatek. Fro m oscill a to rs and 
transisto rs to fini shed conve rters/ in ve rters. Counts 
as 2 ofrour J book s. $27.50 
83400. THEORY AND DESIGN OF SWITCHING 
CIRCUITS. Friedman and Menon. $22.95 
44155. ELECTRONIC DESIGNER'S HAND­
BOOK. Thomas Kei1/J He111ing ll'm: $14.95 
62751. MINI / MICROCOMPUTER HARDWARE 
DESIGN. Kroft and Ttn : $20.95 
44900-3. THE ENCYCLOPEDIA OF COMP UTER 
SCIENCE. Edited h r Ralswn and Meek . Monum t: n­
ta l 1550-page volum e covers topic~ rangin g fro m 
th eO r) and a pp!Ica l! on to,rogra mming anu Boo­
lea n a lge bra. Co unts as Jo _1·our J hook s. $60.00 
52214. HANDBOOK OF ELECTRONIC FORMU­
LAS, SYMBOLS AND DEFINITIONS. J ohn R. 
Brand. $15.95 
73865-2. RELIABILITY AND MAINTAINABIL­
IT\ OF ELECTRONIC SYSTEMS. Edited hr A r­
senault and Robens. 597 pages. Coun ts as 2of 1:our 3 
books. $28.95 

84555-2 . TRANSFORMER AND INDUCTOR DE­
SIGN HANDBOOK. Wm . T M c L rman. Co unts as 2 
ofrour 3 books. · $35.00 

42498. DOCUMENTATION STANDARDS AND 
PROCEDURES FOR ON-LINE SYSTEMS. Edited 
hr Mar1in L. Rubin. $21.95 
6.2881. MODERN SWITCHING THEORY AND 
UIGITAL DESIGN. Samuel G. Lee. $23.95 
42260-2. DIGITAL COMMUNICATIONS BY 
SATELLITE. Edited br Th omas Kaila1h. Counts as 2 
ofrour 3 book s. · $38.50 
78364-2. SINUSOIDAL ANALYSIS AND MOD­
ELLING OF WEAKLY NONLINEAR CIRCUITS: 
With Application to Nonlinear Interference Effects. 
Weiner and Spina . Counrs as 2 of ro ur 3 book s. 

. $27.50 

42267-2. DIGITAL CONTROL SYSTEMS. Ben ­
jam in C. Kuo. Packed with on-the-job exa myles and 
specia l ana lvti ca l too ls. Counts as 2 oj ro ur 3 
hooks. · · $27.95 
57775. LASER SAFETY HANDBOOK. Mallow and 
Chabot. $22.50 
52210-2. HANDBOOK OF ELECTRONIC DE­
SIGN AND ANALYSIS PROCEDURES USING 
PROGRAMMABLE CALCULATORS. Bruce K. 
Murdock . Coun1s as 2 of.vour J hoo /.:. s. $26.50 
62651. MICROPROCESSORS AND MICRO­
COMPUTER SYSTEMS. G. V. Rao. $24.50 
44300. ELEMENTS OF ELECTRONIC INSTRU­
MENTATION AND MEASUREMENT. J oseph J. 
Can: $17.95 
80270. STARTING AND MANAGING YOUR 
OWN ENGINEERING PRACTICE. J o h n A. 
K11ek e11 . $13.95 
52185. HANDBOOK OF ELECTRONIC COM­
MUNICATION. Garr M. Miller. $17.95 
79167. SOFTWARE RELIABILITY GUIDEBOOK. 
Robert L. Glass. $18.95 
79163. SOFTWARE QUALITY MANAGEMENT. 
Cooper and Fisher. $20.00 
57770. LASER BEAM INFORMATION SYS­
TEMS. Edi1ed br William C. House. Job-o ri ented 
a rp roach. . $15.00 

Membership Benefits. In additi on to ge tt ing three 
books fo r only $1.00 each when yo u jo in, you keep 
sav ing substantially on the bool<s you buy. • Also, 
you will immediately become eligiole to participate 
in our Bonus Book Plan, with savings of a t leas t 70% 
off the publishers' prices. · At 3- 4 week intervals (16 
times per yea r) you will receive the Book Club 
News. describing the coming Main Selection and 
Alterna te Selections, together with a dated reply 
card. · If you want the Main Selection, do nothing 
and it will be sent to you· automatica lly. • If you 
prefer another sekction, or no book at a ll, simIJly 
indica te your choice on the card, and return it by the 
da te specified. • You will have at leas t 10 days to 
decide. If, because of la te ma il delivery of the News. 
you should receive a book you do not want, we 
gua rantee return postage. 

-Special Selection-
44145-3. ELECTRON ICS ENGINEER'S REFER­
ENCE BOOK. Edited br L. W Turn er. Up-da ted, 
cove rs electronic ma teria ls and components. solid 
sta te devices, integ rated circuits, microelectronics. 
telecommunications and e l ec t roni c~ in industry plus 
much more. 1600 pages. Counts as 3 of rour 3 
book s. $78.00 

88008. WRITING FOR RESULTS. Da vid W 
£1ri11g. $18.95 
32265-2. ADVANCED LOGICAL CIRCUIT DE­
SIGN TECHNIQUES. S voboda and Whit e. Counts 
as 2 of.1·our 3 book s. $27.50 
00470-3. VAN NOSTRAND'S SCIENTIFIC EN­
CYCLOPEDIA. Edited br DouJ!. las M. Considine. 
Outstanding reference fo r professiona l engineers 
with over 7.200 a rticles on scientifi c and engineering 
subj ects. 2.382 pages: 2.500 illustra ti ons and cha rts. 
Co 11n1s as 3 ofr our 3 book s. $69.50 ----------... I Electrical and Electronics

1 
1 

I Engineering Book Club 
I Riverside, New Jersey 08075 I 
I Please accept my applica tion for trial mem- I 

bersh1p and send me the three volumes indi-

1 ca ted . billing me only $ 1 each. I agree to I 
purchase at least three additional Selections or 

I Alternates over the next 12 months. Savings I 
ra nge up to 30% and occasiona lly even more. 

I 
My membership is cancelable any time a fter I I 
buy these three books. A shiIJping and han-

1 
dling charge is added to a ll snipments. I 
3 books for $1 each. I Indicate by number the books you want. I 

I I 
I 

A few expensive books (noted in book I 
descript10ns) count as more than one 
choice. 

I No-Risk Guarantee: If you a re not satisfied - I 
I 

for any reason-you may return your intro- I 
ductory books within IO Cl ays and yo ur mem-

1 
bership will be canceled and you will owe I 
nothing. 

I Name I 
I Address I 
I City I 

State _____ Zip·--------
1 (Offer good in Continental U.S. and Canada I 
I only. Pnces slightly higher in Canada.)M-AB6 I ... _________ _. 



Ask the leader in gate arrays, 
International Microcircuits 
Incorporated. 
Gate arrays are now being used for a 
wide variety of LSI applications. If your 
designers want to take advantage of 
gate arrays, here are the questions and 
answers that will help you decide. 

Frank Deverse, President 

Just what is a gate array? 
A gate array is the fastest way to get 
to a unique digital LSI device at low 
cost. We take a pre-designed, 
preprocessed matrix of transistors and 
interconnect them uniquely for each 
customer. The result is a proprietary 
silicon solution to your logic needs. 

Why should I consider gate 
arrays? 
Quick access to LSI, low development 
costs, and the opportunity to leapfrog 

wanttouse 
How do you 
the competition and get your product to 
market faster. Like IBM did with the 4300. 

Are gate arrays just another 
niche product? 
We believe gate arrays are a main­
stream technology because they solve 
the new set of problems resulting from 
the push toward VLSI. High density 
silicon helps solve the problems of 
reliability, parts count, power dissipation 
and testing. Gate arrays solve the key 
problems of this density: design time 
and talent. They give you economical 
access to the benefits of LSI. The issues 
are universal. The gate array solution 
is very attractive. 

Joe Kroeger, Director of Marketing 

There must be some tradeoffs 
involved. 
Sure. With gate arrays you will con­
siderably shorten your development 
time and cost - translate a superior 
design into an IC quickly-but you 
may not use your chip space as 

efficiently as with fully custom logic. 
(But ask us again next year; even that 
difference is going away.) Corporately, 
this means that if you need to get your 
product to market quickly in moderate 
volume, you need gate arrays. If you 
have several million units that you have 
to shave every cent of cost from, you 
need custom logic. 

What do the costs look like? 
Since many customers make use of 
common background chips, the bulk of 
the tooling and design costs have 
already been amortized. To get to your 
proprietary circuit takes-ballpark­
$10K, 7 weeks, and we do the layout. 
I'll give you a firm quote when we see 
your logic problem. 
Who's using gate arrays now? 
You already know about IBM. The 
customers who've been coming to us 
since 1974 are all over the industry, but 
they're each at the leading edge of their 
business. They're using gate arrays for 
their leapfrog generation of products. 
And we now see new gate array 
suppliers entering the market in droves. 

Sounds like a booming business. 
Why? 
Three converging forces are making 
gate arrays more widely applicable. As 
standard logic becomes more dense and 
therefore more specialized, volumes are 
declining and part numbers are 
proliferating. Today's complexity of 
circuits is lengthening standard product 
development times. And gate arrays 



gate arrays. 
decide? 

themselves are far faster and more 
versatile than they were a few years 
ago. We're delivering 2,000 gate-cells 
per chip now, looking at about 4,000 
soon and forecasting nearly 10,000 in '82. 
Three years ago we were offering less 
than 500 gate-cells per chip. 

It's not a sudden boom. It has been 
building for several years and we have 
done more than 400 circuits during 
that time. 

Orhan Tozun, Director of Engineering 

How do we interface with you? 
How do we get started? 
Our engineering department talks with 
your designer and evaluates your logic 
to make sure it's do-abl~ on one of our 
many gate arrays. The next step is a 
firm quote to let you evaluate the 
economics of our solution. That includes 
both development and production 
costs. We can do it because our CAD 

system gives us consistency and our 
years of experience provide projectable 
yield information that lets us cost your 
job accurately in advance. 

Then we send you our logic, 
right? 
Right. We take it through a logic 
restructuring and minimization, block 
out the functions from our CAD library 
and lay out the interconnections 
between logic blocks. Then we check it. 
And re-check it. Only then do we 
commit to fabrication. 

Rick Picard, Director of Operations 

How do we minimize risk with 
gate arrays? 
Let's look at each of the risk elements 
that apply to any development work, 
and see how vulnerable you are by using 
gate arrays. 

1. Reliability. Gate arrays are no more 
subject to reliability failures than any 
IC; actually, the regularity and repetition 
inherent in gate arrays improves their 
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reliability. We use all the time- tested 
QC technology. Standard processing 
is used throughout. 
2. Functionality. We use CAD to convert 
your logic into silicon. And we have 
only one layer to get right. Everything 
else is proven. We spot any problems 
fast. It will work. 

3. Reliability of supply. Gate array 
technology lets us inventory pre­
processed, ready-to-be-personalized 
wafers. We keep plenty of wafers on 
hand to support our customers' orders 
both for development and for 
production. Personalization, packaging 
and test are all performed in-house. 
We can promise 4-6 week delivery for 
production quantities. And costs of 
$.02 a gate or even lower. 

Interested? TWX us! We'll TWX you 
complete information right away. 
Or write us at 3350 Scott Blvd., 
Building # 37, Santa Clara, CA 95051. 
Tel. ( 408) 727-2280. 

Tl'VX:910-338-2032 

INTERNATI _ NA 
MICROCIRCUITS 
INCO k 

Gate Array Leadership 



Disposable Intelligence: Hand-Held Computers; and 
session 28 (Feb 26, 10:30-noon) will be a panel discus­
sion on Software Mass Marketing. 

Networks and Architecture 

Under the architecture stem, session 1 (Feb 24, 1 :30-3 
pm) will consist of five papers on Local Networks; and 
session 5 (Feb 24, 3:30-5 pm) will be made up of five 
papers discussing Local Network Standards. Session 9 
(Feb 25, 8:30-10 am) on Database Machine Architecture 
will feature three papers: Is There an Ideal Database 
Machine?; Utilizing Associative Array Memories in the 
Design of a Database Computer; and The Architecture 
of the IDM soo. 

The following four papers will be presented in session 
13, Data Flow Architectures (Feb 25, 10:30 am-noon): 
A Graphical Approach to Software Development Using 
Function Graphs; A File-Oriented Application Program 
for a Data-Driven Computer System; Dependence­
Driven Computation; and An Instruction Set for the 
Processing Element of a Multiple-Processor Dataflow 
Machine . Attached Array Processors, session 17 (Feb 
25, 1 :30-3 pm), will present A VLSI Approach to the FFT; 

A New Approach to Vector Instructions; and Fast 
Sparse Matrix Computations. 

· Session 21 (Feb 26, 8:30-10 am) on Multiprocessor 
Systems Architecture will present papers on MP/ C: 
Multiprocessor/Multicomputer Architecture, A VLSI 
Interconnection Network for Multiprocessor Systems, 
and Architecture of a Myriaprocessor. The papers to be 
presented in session 25 (Feb 25, 10:30 am-noon), 
Memory Management, are as follows: Fourier Analysis 
of Software-Cache Interactions; Virtual Memory 
Management for the Z9000; Design Philosophy of the 
68000 MMU; and Address Translation and Mapping 
Reduce RAM Size Requirements. 

Technology and Applications 

Under the technology stem, more than 20 papers will be 
presented on advanced circuits, components, and 
devices. For instance, Semiconductor Memories in ses­
sion 10 (Feb 25, 8:30-10 am) will be covered by the 
following papers: Large ECL Bipolar RAMs; High-Speed 
NMOS 16k Static RAM; 64k Dynamic RAM; and New Ap­
plications with E2PROMs. Papers on Gate Arrays and 
Programmable Logic, session 14 (Feb 25, 10:30 am­
noon), will include Gate Arrays: A User Perspective; 
The Impact of Customized Gate Array Families on 
Custom Design; The Mask-and-Field Programmable 
Logic Design Revolution; Computer-Aided 
Design-The Engineering Interphase for Macrocell Ar­
ray Circuits; and Automated Logic Arrays in a Custom 
Interface. 

Other advanced technology programs will include ses­
sion 18 (Feb 25, 1 :30-3 pm), The New CMOS Micropro­
cessor Era Is Dawning, with the following papers: 
P2CMOS Microprocessor Provides High Performance 
Solution to Low Power Applications; An 8-Bit Control-
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Optimized CMOS Microprocessor; and New CMOS 1800 

Series Processors Reduce Chip Count. Session 30, titled 
Computer Aided Design Philosophy (Feb 26, 1 :30-
3 pm), will include Digital Systems as Mathematical Ex­
pressions; PRIM: a Placement and Routing Implementa­
tion System for Master-Slice LSI Chip Design; and CAD 
for Signal Processing. Fiber Optic Communications 
Systems will close the technology stem schedule as ses­
sion 34 (Feb 26, 3:30-5 pm), with the following papers: 
Optical Fiber Makes Research Information Processing 
System; Minicomputer System Distribution by Optical 
Fiber Data Highway; Optic Fiber Data Fr~eway 
Systems-A Loop Network for Distributed Computer 
Control; and Impact of Terminal Device Design on 
Fiber Optic Local Area Networks. 

The applications stem will start in session 3 (Feb 24, 
1 :30-3 pm) with several speakers presenting papers on 
Mini Winchester Discs. Papers to be delivered in session 
15 on Recent LSI Implementations of Multiple-Valued 
Logic (Feb 25, 10:30 am-noon) are as follows: Recent 
Multiple-Valued Circuits ; Multilevel NMOS Circuits; 
Multivalued Logic LSI Implementation Transmission; 
Use of 4-Valueq Logic LSI Implementation in the 8087 

ROM Cell; and Multiple-Valued Current Mode In­
tegrated Circuits. Session 19, Intelligent Data Entry 
(Feb 25, 1 :30-3 pm) , will include the papers Dynamic 
Character Recognition : An Emerging Technology; Im­
age Processing, Where It Begins and Where It Is Going; 
and Distributed Data Entry Using OCR. 

Other applications discussions will include High 
Resolution Displays, session 23 (Feb 26, 8:30-10 am), 
with the following papers: Distributed System Design 
Discipline: An Application of Tell; Computer Graphics: 
Hardware and Technology Directions; and The GDS-2 
System for Physical Design. Papers on Intelligent In­
strumentation, session 31 (Feb 26, 1 :30-3 pm), will 
cover HP 1980 Intelligent Scope; Network Analyzer for 
B-767; Computerized Blood Analysis; Arbitrary 
Waveform Generator; and Patient Diagnostics with 
Computer-Aided Instrumentation. 

Registration 

Advance registration must be received by February 13. 
IEEE members may remit their fee of $75 each for the 
conference and/or any one of the three tutorials; the fee 
for nonmembers is $100 for either the conference or a 
tutorial ($200 for both). Late registration, accepted at the 
Jack Tar Hotel beginning Sunday evening, February 22, 
will have an additional fee of $10 for either the con­
ference or a tutorial, or $20 for both. Tutorial registra­
tion includes luncheon and preprinted notes. Conference 
registration includes a copy of the COMPCON Digest of 
Papers and two complimentary drink tickets for each of 
the conference-hosted parties on Tuesday and Wednes­
day nights . To register in advance, send name, organiza­
tion name, address, and IEEE or IEEE Computer Society 
membership number, along with the proper registration 
fee (checks made payable to COMPCON Spring '81), to: 
Robert M. Long, Lawrence Livermore National 
Laboratory, Box 8080, L-72, Livermore, CA 94550. D 
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First compaTequality. 
Then compare cost. 
Morrow Designs'10 megabyte 
hard disk system: $3,695. 
MORE MEMORY. LESS MONEY. 
Compare Morrow Designs' DISCUS™ 
M26™ hard disk systems 
to any system available 
for S-100 or Cromemco 
machines. First, compare 
features. Then, com­
pare cost per mega­
byte. The M26 works 
out to under $200 a 
megabyte. And the M10 is 
about half the cost of com­
peting systems. 

COMPLETE SUBSYSTEMS. 
Both the M10 (8 "), and the M26 
(14"), are del ivered complete with 
disk control ler, cables, fan , power sup­
ply, cabinet and CP/ M® operating 
system. It's your choice: 10 Mb 8 " 
at $3,695 or 26 Mb 14 " at $4,995 . 
That's single unit. Quantity prices are 
available. 

BUILD TO FOUR DRIVES. 

104 Megabytes with the M26. 40+ 
megabytes with the M10. Formatted. 
Additional drives: M26: $4,495. 
M10: $3,195. Quantity discounts 
available. 

S-100, CROMEMCO 
AND NORTH STAR~ 
The M26 and M10 are sealed-media 
hard disk drives. Both S-100 controllers 
incorporate intell igence to super-
vise all data transfers through four 1/0 
ports (command, 2 status and data). 
Transfers between drives and control­
lers are transparent to the CPU. The 
controller can also generate interrupts 
at the completion of each command 
.. . materially increasing system through­
put. Sectors are individually 
write-protectable for multi­
use environments. North 
Star or Cromemco? 
Call Micro Mike's, 
Amarillo, TX, 
(806) 372-3633 
for the software · • · 
package that allows 
the M26and M10 to run 
on North Star DOS. MICAH of 

Morrow Designs' 
26111egabyte 
hard disk systetn: 

$4,995. 

Sausalito, CA, (415) 332-4443, 
offers a CP/ M expanded to full 

Cromemco COOS compatibility. 

AND NOW, MULT-1/0;M 

Mult-1/0 is an 1/ 0 controller that allows 
multi-terminal and multi-purpose 
use of S-100 and Cromemco computers. 
Three serial and two parallel output 
ports. Real time clock. Fully program­
mable interrupt controller. Designed 
with daisy-wheel printers in mind. 
Price: $299 (kit), $349 assembled 
and tested. 

MAKE HARD COMPARISONS. 
You 'll find that Morrow Designs' hard 
disk systems offer the best price/ 
performance ratios available for S-100, 
Cromemco and North Star compu­
ters. See the M26 and M10 hard disk 
subsystems at your computer dealer. 
Or, write Morrow Designs. Need infor­
mation fast? Call us at ( 415) 524-2101 . 

Look to Morrow 
for answers. 

MDRRDW DESIGNS 
*CP/ M is a trademark of Digital Research Corp. 

•cromemco is a trademark of Cromemco. Inc. 
*North Star is a trademark of North Star Computers, Inc. 
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G. Jack Lipovski 

David C. Wood 

Attendance rimited to 100. Register NOW! 
Select up to one tutorial per individual per day. 

Per Tutorial All Week 

FEES: Members $85 $400 
Nonmembers $100 $475 

Includes bound tutorial text and luncheon. 
There will be a no-host reception Monday 
night. 

HOTEL ACCOMMODATIONS: 
Reserve your room at the Marriott Inn 
now. Write to: 

Orlando Marriott Inn 
6700 Sand Lake Road 
Orlando, FL 32807 
Attn.: IEEE Tutorial Week 

RATES: Single or Double: $50.00 
with kitchen: $.60.00 

~ JEEE COMPUTER SOCIETY 
• 

Mail to: Tutorial Week 81 East, Box 639, Silver Spring, MD 20901 

0 I am interested in the following tutorials (please circle numbers}: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Please mail me the complete program announcement. 

D I want to register right now. Enclosed is$ to reserve space at 
the following tutorials (circle numbers as appropriate): 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

D Check enclosed O VISA/BankAmerlcard 0 Master Charge 
Card Exp. 
No·----~-----Date ___ Signature ______ _ _ ~-

IEEE or IEEE·CS 
Name~-----~--~--~~Membership No·------~-

Street Address_, _____ ~-----~~-~----.........,..-~-~·· 

I 

~ I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~-~--~-----------------~ 
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Our LSl-11 * memory systems come 
with built-in ECC (Error Checking and 
Correction) circuitry. So you don't have to 
worry about expensive service calls, or 
strained relations with customers. Our 
2,500 ECC systems in the field have a 
proven MTBF in excess of 15 years. 

PEBX is the first to protect your 
LSl-11 system from failing RAMs and 
those random alpha particle crashes. 
We've also made protection from power 
outages as easy as hooking up a battery. 

We'll give you from 32 to 256K bytes 
of error-correcting memory that takes 

care of all single-bit errors. Plus a display 
that points to any erring RAM, allowing 
preventive maintenance rather than 
finger-pointing after a system crash. 

So if you're an OEM and you don't 
want to worry about costly service calls, 
find out about our add-in reliability and 
relax. Contact PEBX toll-free today at 
(800) 538-3112. Within California phone 
(408) 866-7838 for full info on how you 
can get the best 
LSI-11 memory 
on the market. ~IPX<o 

501 Vande ll Way 
Campbell, CA 95008 

(408) 866-7838 

Finally: LSl-11 memories with ECC. 

*LSI-I I is a regislered Lrademark of DigiLal EquipmenL Corporation. 
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HERE'S WHY 
MONOLITHIC SYSTEMS 
IS WINNING THE 
SINGLE BOllRD 8 BIT 
COMPUTER RllCE 

The MSC 8009* is a "REAL" Single Board 
Computer. Based on the Z80A® processor, 
with enough memory - 64K bytes of dual 
ported RAM and up to 32K bytes of EPROM 
- to handle most processing tasks on the 
internal bus. It contains a floppy disk 
formatter/ controller, a choice of powerful 
APU's, prioritized vectored interrupts and 
extensive 1/ 0 . This total system solution is 
provided within a single MULTIBUS® card 
slot . . . reducing board count, increasing 
reliability and leaving the MULTIBUS free 
for system functions. And the MSC 8009 is 
supported by our extensive and growing line 
of system modules (ask for our catalog). 

y 

Monolithic Systems has combined industry 
standard elements to achieve an elegant 
computer system architecture ... a Z80A 
processor, IBM floppy disk data format , a 
9511/ 12 APU .. . all performing under the 
amazing CP/ M®. This is the key to a 
universe of software that you can select 
from our catalog or from standard industry 
offerings. For multiuser or networking 
capability, MPM® and CP/ NET® extends 
your system performance. 

We have a record of consistantly meeting 
the needs of our computer OEM's for over 10 
years. And, when you have a special system 
requirement, we utilize that extensive 
experience to deliver a special solution. For 
applications assistance contact us at 14 
Inverness Drive East, Englewood, Colorado 
80112 or phone (800)525-7661 

~Monolit~ic 
~~~ fyAemf cxxp 

MSC Regional Sales Offices: Eastern Region 
1101 - 89 State Road, Princeton, NJ 08540, (609) 921 -2240 
Central Region 14 Inverness Drive East, 
Englewood, CO 80112, (303) 770-7400 
Western Region 49 South Baldwin, Suite 0 , 
Sierra Madre, CA 91024, (213) 351-8717 

'Single Unit Price $1895.00 
MP/ M, CP/NET and CP/M are 
trademarks of Digital Research Inc. 
ZSOA is a trademark of Zilog Corp. 
MUI.. TIBUS is a trademark of Intel Corp. 
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32-BIT MINICOMPUTER ACHIEVES 
FULL 16-BIT COMPATIBILITY 

Early architectural definition results in design of 32-bit minicomputer 
that offers full 1 6-bit compatibility without a mode bit 

Data General Steve Wct!lach 
Chuck Holland Route 9, Westboro, MA 01581 

D esigning a viable product for the competitive 32-bit 
minicomputer market requires a specialized approach 
that combines the latest semiconductor technology with 
a system organization capable of achieving the best 
possible performance. When the 32-bit minicomputer 
must offer full 16-bit compatibility without enforcing 
two distinct modes of operation, the specialized design 
approach becomes even more important. Conventional 
design techniques constrained in this way may lead to 
a tradeoff between performance and ease of implemen­
tation. However, by having implementers and architects 
interact in a top-down, goal driven design effort at the 
earliest phase of development, compromise of perfor­
mance is avoided. 

Undertaken over a 2-year period, the design of the 
ECLIPSE MY / 8000™ involved cooperative implementa­
tion and architectural development. Critical elements of 
that process included the structure and functions of the 
design team; the basis for design decisions; an overview 

of the target system organization, particularly its in­
struction set; and the significance of specific architec­
tural features. Important factors to be considered were 
the reasons for designing a 32-bit machine and the 
reasons for avoiding two complementary modes of 
operation . 

As declining component costs enlarge the 32-bit 
technology market, other applications are developed 
and demand for these application systems steadily 
grows. The major advantage of the 32-bit machine is its 
ability to support a large logical address space for stor­
ing programs and data. Because of this, the design had 
to provide the largest possible address space constrained 
to 32-bit words-a 4G-byte size-and to allow use of the 
complete address space in the first implementation. Im­
portant to this part of the design was the concept of 
equating files with the address space, first developed 
under MUL TICS 2

• Finally, because structure and 
organization of the address space strongly influence 

, , , 



system capability in a multiprogramming, multi-user en­
vironment, a major portion of the design effort dealt 
with the layout and management of the 40-byte address 
space. 

Compatibility through use of a mode bit is predicated 
on two mutually exclusive instruction sets with the con­
straint that only one instruction type can function at a 
time. Also, marketing considerations indicated the need 
for a 32-bit minicomputer that featured total com­
patibility with existing 16-bit software. Six years ago, in­
struction set extensions in the 16-bit ECLIPSER computer 
achieved full binary compatibility with the 16-bit NOVAR 

computer, introduced more than 12 years before that, 
without resorting to the use of a mode bit. It therefore 
seemed prudent to use the same technique for extending 
to 32 bits. In addition, without a mode bit the 16-bit in­
struction set is not detachable, thus ensuring a con­
tinued commitment to software compatibility. This 
nondetachable instruction set results in binary com­
patibility with Advanced Operating System {Aos) pro­
grams based on the 16-bit ECLIPSE and allows 16-bit 
program development on the 32-bit ECLIPSE MY /8000 
system. It also supports concurrent execution of 16- and 
32-bit programs and permits mixing 16- and 32-bit 
subroutines (or individual instructions) within the same 
program. 

To best accomplish the design of a 32-bit machine 
without a mode bit, the project team was divided into 
hardware and software implementation groups. 
Establishment of a cohesive team was just as important 
to the success of the project as technical judgments 
made during the design effort. Partitioning the design 
team into two groups instead of designating a com­
mittee of architects expedited definition of the overall 
hardware and software implementation. Since, 
ultimately, system implementers would have to conform 
to the overall hardware and software definition, design 
team members felt that intensive interaction at the 
earliest phases of the design effort was a prerequisite for 
implementation of the architecture. As will be shown, 
many architectural features of the instruction set were in 
fact influenced by the first implementation. 

Suggestions for architectural enhancements and alter­
natives were evaluated as to their impact on hardware 
and software development schedules, the hardware 
resources needed to implement proposed features, their 
effect on performance, and perceived marketing needs. 
Although responsibility for final acceptance rested with 
the appropriate hardware or software team leader, sug­
gestions were welcomed from all implementation team 
members and other technical personnel within the cen­
tral engineering and software development groups. 

Hardware Organization 

Before final definition of the architecture, logic 
designers and microprogrammers on the hardware im­
plementation team developed an overall system 
organization (Fig 1) based on a dual-port cache memory 
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system, with the processor divided into four basic com­
ponents handling input/output (IIO), main memory ac­
cess, central processing, and system control (operator 
console, clock generation, etc). This system organiza­
tion was chosen after a detailed system analysis had 
been done taking many factors into consideration. For 
example, handling of IIO data transfers involves block 
oriented (eg, disc based) operations that access main 
memory directly and require appropriate logic for de­
tecting that a copy of the designated physical block 
resides in cache memory. It also involves single word 
transfers that require either buffering or partial read 
and write accesses to main memory . IIO buses transfer 
data in 16-bit words. The memory system in a 32-bit 
machine usually grants requests in integer multiples of 
32 bits. Therefore, system organization had to make 
some provision for accessing data of less than 32-bit 
precision. 

System organization also had to support extremely 
high bandwidth processor and l/O subsystems, both able 
to exceed 16M bytes/s. Furthermore, it was important 
to minimize the time for cache miss (cache fault) resolu­
tion. Most cache designs are optimized to give the 
highest possible hit rate (cache hits/attempts, or 
1 - fault rate). While this is always desirable, the true 
measure of cache efficiency is the effective access time: 

(hit rate) (cache access time) 
+ (fault rate) (main memory access time) 

Therefore, the interface between the cache and main 
memory had to be optimized to reduce the overhead 
associated with a cache fault. Ultimately, this goal 
necessitated the construction of a dual-port cache featur­
ing an l/O port which exhibited characteristics of a 
general purpose 32-bit bus, and a central processor port. 
Other factors influencing system organization included a 
desire to minimize the interface between the l/O sub­
system and the processor subsystem, the need to support 
a soft operator's console based on a video display, and 
the inclusion of sophisticated diagnostic subsystems. 

Microsequencer Features Random Access 
Memory Control Store 

Based on a random access memory {RAM) control store, 
the microsequencer contains the microcode that inter­
prets ECLIPSE MV / 8000 instructions. The microcode, 
which is organized as 4k by 75 bits for a 74-bit 
microinstruction with parity, generates control signals 
required by the other processor elements . Because the 
control store was designed using RAM, the microcode is 
reloaded from a l.2M-byte diskette by the system con­
trol processor (SCP) each time the system is powered up. 

The use of RAM achieves control store alterability, 
making microcode changes or updates easy to imple­
ment by simply replacing the diskette, and providing 
microdiagnostics . When a malfunction is suspected, 
microdiagnostics overlay the control store to give ac­
curate fault isolation in a matter of minutes at a finer 
granularity than can be achieved using diagnostics based 
on standard machine instructions. 
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MAIN 
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BMC BUS __ ..........., 

1/ 0 B US -....---.-----~ 

24 

INSTRUCTION 
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31 
LA 
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UNIT 

MIC~O­
SEQUENCER 

SYSTEM 
CONSOLE 

MBC / l · 
SBUS 
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m1cro NOVA BOARD COMPUTER 
DIAGNOSTIC SCAN BUS 

Fig 1 System block dia ­
gram . Separated here by 
function , pro c essing ele­
ments interconnect in pipe­
lined , asymm etri c multipro­
ces sor built on five standard 
1 5 x 1 5 " (38 x 38 -cm) cir­
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Programmable Array Logic Functionality 
Reduces Part Count 

More than any other component type, programmable 
array logic (PAL) influenced the design, performance, 
and personality of the ECLIPSE MY /8000 system. This 
family of devices implements a programmable AND ar­
ray that provides input to a fixed NOR array and has 
registered (o flipflop) and combinatorial versions 
packaged in 20-pin, 0.3" (0.8-cm), dual-inline packages. 
The use of PAL components began slowly. When 
designers started achieving a three- to fivefold reduction 
in parts count over the use of off the shelf, medium 
scale integration (MSI) components, PAL usage ac­
celerated. Ultimately, more than 100/o of all central pro­
cessor parts were PAL components, distributed about 
40, 30, and 300/o among the I6R4, I6R8, and 16L8 part 
types, respectively . The ability to feed back registered 
PAL outputs internally motivated the high usage of 16R4 

and l 6R8 part types. 
For the ECLIPSE MV/ 8000 computer, PAL prnved to be 

the right idea at the time. Its high density package com­
bines a high level of functionality with the potential for 
reduced parts count; hence, design modifications re­
quire only fuse changes and not changes to the printed 
circuit board etch. Additionally, PAL components are 
easy to use. Another interesting aspect of PAL emerges 
from an examination of the cases in which it was not 
used, cases when an off the shelf MSI design could be 

achieved at a lower cost, or cases when a PAL implemen­
tation would have been too slow. For example, a 16L8 

has a propagation delay of 40 ns. In many cases, this 
was not sufficient to handle the worst case delay 
through the network. If PAL components with a propa­
gation delay of 20 ns had been available, their use would 
have increased significantly. 

Pipelined Instruction Decoding 
Improves Performance 

Unique to the 32-bit minicomputer industry, the instruc­
tion processor, which decodes instructions for subse­
quent execution, contains a lk-byte direct mapped in­
struction cache organized as a 64-block, high speed 
memory of 16 bytes/block. Because of its look ahead 
and look behind potential, the instruction cache speeds 
up program execution, particularly benefiting program 
loops and backward branches. Totally separate from 
the system cache, the instruction cache allows instruc­
tions and data to be fetched concurrently without 
interference . 

Instruction cache output provides input to the in­
struction decoder. A high degree of pipelining allows in­
struction execution to proceed through four distinct 
stages. An instruction is fetched from the instruction 
cache, the instruction operation code is decoded to ob­
tain the microcode starting address, the first 
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micro-instruction is read from this address, and finally, 
the first microinstruction is executed. Operating at 
110 ns/stage, the 4-stage pipeline has the ability to fetch 
and completely decode the next instruction while the 
present instruction is being executed, overlapping the 
first two stages of the subsequent instruction with the 
last two stages of the current instruction. Consequently, 
the overhead normally associated with instruction 
decoding is almost entirely overlapped with instruction 
execution. This results in a significant performance in­
crease when compared with processors that lack the 
feature . 

SCP Targets on Availability, 
Reliability, and Maintenance 

The SCP, a microNOYA™ controlled diagnostic and con­
sole monitor, is the control element of the ECLIPSE 
MY / 8000 system availability, reliability, and main­
tainability (ARM) mechanism. A console control board 
provides all system timing. In addition, the microNOYA 
board computer (MBC) to system bus (SBUS) interface 
originates on the console control board, which also con­
tains the realtime clock and the programmable interval 
timer. Driven by a universal asynchronous receiver I 
transmitter {UART), the diagnostic SBUS connects all 
major subsystems: the address translation unit {ATU), 
microsequencer, system cache, memory bank con­
troller, instruction processor, uo channel, console con­
trol, power supplies, and expansion cabinetry. And, as 
mentioned earlier, microdiagnostics isolates faults to a 
particular hardware board in a matter of minutes. 

SCP power margining, used to stress logic components 
and isolate components that may be failing intermit­
tently, is accomplished by increasing power by as much 
as 50Jo 'above normal or decreasing it by up to lOOJo of 
normal voltage. System clock margining serves three 
functions. By increasing the system clock to 120 ns, it 
permits the processor to operate reliably when logic 
boards are on board extenders and allows a component 
to function when it has degraded beyond performance 
specifications, a feature used by the diagnostics. By 
decreasing the system clock to 100 ns, it stresses logic 
components and helps to isolate intermittent component 
failures. 
The~ .. SCP also regulates the ability to disconn~ct the in­

struction cache, system cache, and ATU address cache, 
allowing continued processing in a degraded mode of 
operation. In a modern, highly interactive, online ap­
plication environment, ARM is as important as any of 
the critical system parameters, such as price or perfor­
mance. To be effective, it must be tightly integrated into 
the design, not added at the last minute. Overall, the 
SCP control, diagnostic, and margining capabilities pro­
vide the required level of effectiveness and functionality 
to speed up maintenance and repair and minimize 
reasons for shutting down the system . 

Sniffing Protects Memory Data 

A sniffing mechanism reduces the likelihood of en­
countering uncorrectable multiple bit memory errors, 
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thus greatly increasing data reliability. All memory 
boards are refreshed simultaneously. Each time a 
memory refresh operation begins, the bank controller 
reads one 16-byte memory block from one of the 
memory boards, subjects the block to a complete error 
check and correct procedure, and writes it back to the 
memory module. Because sniffing for errors occurs on a 
different block during each refresh operation, the entire 
content of main memory is checked and corrected at the 
rate of about lM bytes/s. Sniffing prevents accumula­
tion of single-bit memory errors that might become un­
correctable double-bit errors. By guaranteeing that 
every main memory location is checked and, if 
necessary, corrected within a known time period, it 
prevents errors from accumulating even in memory 
locations that are not referenced by a program. 

Address Space Structure 

Because the ECLIPSE MY / 8000 computer is in fact a 32-bit 
ECLIPSE computer, development of a preliminary in­
struction set proceded quickly. Once this phase was 
complete, attention was focused on defining the logical 
address space because further instruction set evolution 
hinged on its structure. From the outset, three high level 
objectives were the basis for evaluating all proposals. 
The logical address space had to be easy for the 
operating system to manage. Larger applications involv­
ing more than 1 M bytes of memory required an efficient 
translation mechanism that did not compromise 16-bit 
applications or smaller applications involving less than 
1 M bytes of memory. Sessions with customers whose 
needs surpassed the capabilities of a 16-bit machine 
revealed that relatively small programs in the 250k- to 
500k-byte range were projected, especially in com­
monplace realtime environments. Finally, the operating 
system had to be embedded into the logical address 
space so that both systems and applications software 
would benefit from the address space extension. 

When establishing memory management, the first step 
taken was choice of page size. A 2k-byte page was 
selected on the basis of the average file size under AOS, 
the page fault rates achieved by various other page sizes, 
the overhead incurred during page frame management, 
the working set size of a fixed entry ATU, and the effect 
of page size on the logical to physical translation 
mechanism. 3

•
4 (Fig 2 compares the page table overhead 

for 512- and 2k-byte page sizes.) This choice is an impor­
tant one because the 2k-byte page also becomes the basic 
unit of memory protection. As will be shown, another 
consequence of this choice is that 2k bytes becomes the 
largest unit of contiguous physical memory under every 
logical address space size, which simplifies operating 
system design and requires maintenance of only one free 
page list. The selected page size immediately determines 
the 11 least significant bits in a 32-bit logical address, 
leaving the semantics of the remaining 21 bits undefined. 
The two fundamentally different approaches to inter­
preting these 21 bits were christened "flatlands" and 
"treelands" by the design team. s 

The flatlands approach involved hashing the 21 high 
order bits of a logical address into a translation region 
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within physical memory. Acceptable performance re­
quired open addressing, linear probing with a 500Jo load 
factor on the bucket size. This would have resulted in an 
average of 1.5 probes for a cache hit and an average of 

~ 2.5 probes for a cache fault. 6 

The treelands technique, the one ultimately im­
plemented, used a more traditional page table ap­
proach. In this form of logical address translation, a 
table constructed in main memory maps logical ad­
dresses into physical addresses . Each page table entry 
supplies various flags and, if appropriate, the physical 
address that corresponds to a logical address . With the 
selected page size of 2k bytes, it was assumed that four 
bytes would be sufficient for physical address informa­
tion , and the page table, therefore, would have 512 en­
tries. 

Performance was the determining factor behind the 
choice of a page table approach. In view of the expected 
page fault rate, the two memory references needed to 
resolve address translation using the hashed technique, 
and the performance characteristics of the processor 
microarchitecture, the page table exhibited better per­
fo rmance than a hashed index. Had the logical address 
required a 3-level lookup, the hashed approach would 
have been more efficient. 

Because of its structure, the page table requires a 9-bit 
index. Two such indexes are used to construct 18 of the 
21 logical address bits that remain unresolved after tak­
ing the page offset into consideration. Since use of a 
third , 3-bit page index field was considered wasteful, the 
remaining three bits reference one of eight segment 
registers maintained within the processor. 

The treelands approach was further optimized in two 
ways. One permits a 1-level translation for those pro­
grams that use less than lM bytes on a segment basis, 
with a bit in the segment base register denoting either a 
1- or a 2-level translation. The other adds validity bit in­
terpretation in each page table entry for segment bound­
ary protection against out of bounds references. 

10 

AT BM BYTES 

512-BYTE PAGE = 66048 
2048-BYTE PAGE = 18462 

Because a page is allocated to each page table, it is not 
necessary to define segment length registers. Instead , 
AOS/ VS, the 32-bit operating system that manages 
MY / 8000 resources, simply marks as invalid any page 
table entry that maps an undefined portion of the 
logical address space. 

Studies by Belady and Hatfield show that complete 
support of referenced bits is important to the efficient 
management of a large virtual address space . 7 •

8 Three 
alternative locations for these bits were considered: the 
page table entry associated with the page in main 
memory, the part of the machine state attached to each 
page frame of the physical address space for the im­
plementation, and a table associated with the process 
currently running. Each alternative was analyzed in 
relation to the time needed for software to access the 
referenced bits (ie, the work factor associated with the 
page replacement algorithms), the impact on the present 
and future implementations, and the effect on perfor­
mance and design of the system data and address cache 
accelerators. Associating referenced and modified bits 
with the machine state , similar to the method used in the 
IBM 370, proved best. 9 The availability of high density 
static RAM and the ease of defining special instructions 
to accelerate page replacement were major determining 
factors, as well as the simplification of the ATU, which 
then need only be read with respect to main memory. 

Privileged instructions were next defined to 
manipulate referenced and modified bits. One group of 
instructions permits each referenced and modified bit of 
a page frame to be examined individually. The other 
allows referenced bits to be treated as a bit string. The 
OR Referenced Bit ( ORRB) instruction can perform the 
inclusive OR of a string of referenced bits and a string in 
main memory, resetting the accessed bits to zero . This 
approach helps the operat ing system maintain 
referenced bit strings easily on a per process basis, using 
the standard set of bit string instructions (count bits, 
locate first bit, etc) fo r string analysis. Various 
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algorithms maintain multiple bit strings per process to 
simulate reference counts greater than one. 

Address Space Protection 

Because the operating system is embedded in the user's 
context, some form of protection must be provided to 
detect and prevent malicious or accidental encroach­
ment into the system address space. The domain model 
and the capabilities model were analyzed, but 
capabilities were eliminated during the initial phase 
because the complexity of the added hardware was not 
commensurate with the return. 10 It was not desirable to 
restrict capabilities to special segments, to aid the grant­
ing and revocation mechanisms, nor was it desirable to 
expand the logical address beyond 32 bits or append 
tags to each memory location with capability 
potential. 11 This is not to say that capabilities were 
undesirable in their own right, but that the proper sup­
port mechanism seemed to be beyond the scope and ob­
jectives of the project. 

The domain model was narrowed to a hierarchical ap­
proach using one of the possible ring implementations. 
Since either a logical address or an integer can occupy 
an accumulator, and most instructions do not 
distinguish between integers and addresses, the MULTICS 

model could not be used directly . Two alternatives were 
considered: binding the ring number to the address 
space, and defining a ring register to be maintained 
separately. The first abstraction was chosen to eliminate 
the need for an extra machine state requiring prote<;:tion, 
to permit the same instructions used for subroutine calls 
and returns to be used for cross-ring operations, and to 
add to the efficiency of Trojan horse pointer detection. 
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Fig 3 M emo ry organization . 
Domain model protects system 

With the decision to bind the ring number in the ad­
dress space, the number of rings had to be specified. In 
its early design phases, the operating system was 
modeled to use four rings, with an additional four left 
available for application software (Fig 3). An evaluation 
made to determine whether this static binding would 
overly compromise the general structure of the logical 
address space revealed that, from an operating system 
viewpoint, the static binding would not interfere and 
that if access brackets were implemented, they would in 
fact generally force this binding. Moreover, large user 
programs exceeding 1 G bytes would use the lower 
numbered rings for program and stack storage and the 
higher numbered rings for static data. 

The inclusion of read, write, and execute protection on 
a per page basis and a gate structure supported by hard­
ware completed the protection system. Coupled with a 
trap mechanism, which is always precise because it main­
tains the address of the offending instruction, these pro­
tection mechanisms simplify the debugging cycle and 
generally abort runaway programs instantly. The gate ar­
ray, defined for each ring, permits a called routine to 
designate the number of gates and an access bracket for 
each gate during all inner ring calls (Fig 4). Valid cross­
ring calls, complete with stack switching and construction 
of a new frame on the target stack, take about 6.6 µ,s, 
without requiring software intervention. This level of ef­
fort directly supports the objective of processing 
operating system calls quickly and efficiently. 

Instruction Set 

Standard 16-bit ECLIPSE and NOVA computers, instruc­
tions form the basis for the ECLIPSE MY / 8000 instruction 

add ress space by defining seg - (bl 
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ment boundaries shown in (a). 
Then, in (b) , AOS/V S hierarchical software system st ru cture assigns memory 
segment and category or layer of software to each ring 
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Fig 5 Hierarchica l instruction set relationships . To 
achieve hierarc hical mode-free instruction set, 
MV/8000 extends ECLIPSE instru ction set to handle 
32-bit accumulators and 4G -byte address space . 
New instructions use ECLIPSE no load , always skip , 
escape category in the same way ECLIPSE instruc­
tion extended NOVA no load , never skip, escape 
category 
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Fig 6 Pointer relationships . To dynamica lly map 1 6 -bit ad ­
dress space into 32 -bit address space without loss of per­
formance, all 16-b it addresses are constrained to referen ce 
the first 64k bytes in segment 

set. Extensions to manipulate the 32-bit address space 
and the 32-bit fixed point accumulators, and to expand 
general purpose functionality, are achieved by defining 
a new instruction class using the no load, always skip, 
binary encoding of the ECLIPSE ALC instructions (Fig 5). 
Four 16-bit accumulators are expanded to 32 bits, with 
their least significant 16 bits serving for 16-bit opera­
tions. Interpretation of fixed point data as 2's comple­
ment numbers accounts for this arrangement. Expanded 
to 31 bits, the program counter (PC) references memory 
at a 16-bit word granularity. The four 64-bit floating 
point accumulators (FPACs) are identical to those in the 
ECLIPSE computer. FPACs contain only floating point 
data-never addresses data-hence no reinterpretation 
is needed. Expanded from 32 to 64 bits, the floating 
point status register contains the 31-bit floating point 
program counter, which is a copy of the PC when a 
floating point fault occurs. This ensures that floating 
point faults are always precise and independent of the 
pipeline or overlapped nature of floating point com­
putations. Two additional machine state structures 
enhance efficiency and fault handling capability: a 
16-bit processor status register and four 32-bit stack 
management registers. 

In the 16-bit ECLIPSE computer, a stack pointer, stack 
frame pointer, and stack limit maintained in hardware 
assigned memory locations manage the stack. Four 
32-bit registers manage the ECLIPSE MY / 8000 stack: a 
stack base register for detection of stack underflow, a 
stack limit register to detect overflow, a stack pointer, 
and a frame pointer. These parameters migrated into 
registers for performance reasons. The 16-bit processor 
status register (PSR) contains the flags used for integer 
overflow interpretation. One flag, OVR, signals that 
overflow has occurred. The other flag, OVK, is used as a 
mask to initiate or suppress the integer trap mechanism. 
Remaining bits are reserved for future hardware 
augmentation. 

Following preliminary instruction set definition came 
the design of the logical address space structure; once 
that was completed, instruction set definition resumed. 
However, one final attribute of compatibility remained 
unresolved: mapping the 16-bit address space into the 
32-bit address space. This was achieved by constraining 
a 16-bit address to the first 64k bytes of each segment 
(Fig 6), which permits efficient AOS/ VS management of 
16-bit processes running concurrently with 32-bit pro­
cesses and allows instructions that generate 16-bit ad­
dresses to be interspersed with instructions that generate 
32-bit addresses in the same program. 

Language Viewpoint Attains Symmetry 

Language related and system related constraints divided 
the instruction set definition process into two areas that 
were by no means mutually exclusive but are best 
discussed separately because each has different objec­
tives. From a high level language viewpoint, the objec­
tive was to make the instruction set symmetrical with 
respect to all relevant data types . Consequently, all 
memory to accumulator and accumulator to ac­
cumulator instruction types apply to the baseline 16-and 
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32-bit integer data types and the baseline 32- and 64-bit 
floating point data types. Additional instructions pro­
vide a rich repertory of immediate operations, com­
parisons, shifts, memory to memory increments and 
decrements, logical and Boolean bit strings, byte and 
byte string manipulations, and sophisticated transfer of 
control (including CASE and DO WHILE constructs). Ad­
dressing uses the standard ECLIPSE computer modes: 
absolute, PC relative, and indexed through an ac­
cumulator. 

System Viewpoint Adds Capability 

From an operating system viewpoint, the most impor­
tant instruction attributes are not the instructions per se 
but the capabilities of individual memory reference in­
structions to manipulate user data bases directly in a 
secure, efficient, and reliable manner. Once these at­
tributes were firmly established, effort concentrated on 
providing instructions that could replace sequences of 
repetitive operations. The first step was to identify an 
instruction set to properly manipulate machine state 
constructs defined for the 32-bit logical address space. 
This involved the segment base registers (SBRs) and the 
referenced bits and modified bits maintained by the 
hardware. 

Approached from an operating system perspective, 
the 4G-byte logical address space is divided into two 
regions: a system wide 512M-byte kernel and a process 
or user wide 3.5G-byte region (Fig 7). Directly support­
ing this abstraction, the Load All SBR (LSBRA) instruc­
tion purges the entire ATU, and the Load Some SBR 
(LSBRS) instruction effectively purges the ATU of entries 
associated with segments 1 to 7, inclusive. ATU purging 
is needed to avoid associating the user logical address of 
the currently executing process with the translation con­
text of a previously executing process. 

Another class of instructions deals specifically with 
the referenced and modified bits. Many iterations, some 
of which followed performance measurements on an 
engineering prototype, led finally to the concept of 
treating referenced bits as a group of 16-bit (rather than 
binary) strings. The 16-bit string structure reduces the 
page replacement overhead by about 700Jo . It i's 
noteworthy that without the alterable RAM based 
microsequencer changes of this magnitude could not 
have been accomplished so late in the development 
cycle. 

Once AOS/ VS coding was under way, operating system 
designers requested a comprehensive set of queue han­
dling instructions. Their request was based on efficien­
cies in code density; performance in the scheduling and 
resource management modules; and reduced interrupt 
latency, an important real time parameter that measures 
the delay in honoring an interrupt request. AOS/ VS uses 
a priority queue model. It has only one physical queue; 
however, areas within the queue are grouped by priority 
level (Fig 8) . Therefore, insertions are necessary not at 
the beginning or the end of the queue, but only relative 
to a specified queue element. 

Two types of queue instructions were defined to meet 
efficiency and performance goals. One permits queue 
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Fig 7 A ddress space relationships . Operating system 
divides 4G-byte memory space into two segments. System 
context occupies 51 2M-byte kernel region. Individual pro­
cess contexts occupy remaining 3 . 5G-byte user region 

insertions and deletions, and the other permits searching 
the entire queue under particular matching criteria. 
Various combinations of direction (forward or 
backward), data type (16- or 32-bit) and match relation 
(bitwise or unsigned comparison) required 32 queue 
search instructions. All queue operations were defined 
to allow linked list modeling and permit noninterrupt­
ible operations or, in the case of the searches, to return 
unique results when a search must be discontinued tem­
porarily because of an interrupt. 

Breakpointing Demonstrates Design 
Interaction 

Program debugging is a great portion of software cost. 
Therefore, as part of the instruction set definition pro­
cess, the design team provided hardware support for the 
existing sw AT™ high level language debugger, one 
which assumes that a breakpoint instruction can replace 
the first 16 bits of any other instruction. Breakpoint 
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serted into appropriate area; therefore, they need 
not enter queue at beginning or end . Instead, special 
instructions position new items relative to queued 
items and also search queue under match criteria 
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(BKPT) instructions are constrained to be exactly 16 bits 
long. Moreover, they must provide a trap address 
referencing the first instruction of the trap handler. In 
keeping with the overall system trap concept, a page 0 
trap handler location was defined within the first 512 
byte~ of each segment so that each process and/ or ring 
could have its own debugger. 

Complementing the BKPT instruction, the Pop Block 
· and Execute (PBX) instruction effectively restores the 

breakpointed instruction opcode, substituting it for the 
BKPT opcode (Fig 9). Superficially, this instruction pair­
ing seems straightforward and easy to implement. 
However, during the prototype debugging phase, 
deleterious side e.ffects of the initial instruction defini­
tion and implementation became apparent. One side ef­
fect was the potential to return to a deleted breakpoint: 
when a BKPT instruction was removed and replaced with 
the actual opcode, the debugger still returned to the user 
program by means of a PBX instruction which, of 
course, by then would not work. The instruction pro­
cessor, being pipelined and operating asynchronously 
with respect to the ALU, proceeded to decode the next 
three macroinstructions . Thus, the 16-bit opcode was 
substituted over the wrong instruction. Because instruc­
tion processor interpretation of the BKPT instruction 
stops the pipeline, this problem was not encountered for 
PBX instructions correctly paired with BKPT instruc­
tions. To correct the first side effect, the PBX instruction 
was redefined with the restriction that the 16-bit opcode 
actually fetched from the instruction stream and used as 
the target of a PBX must be a BKPT instruction. In this 
way, a policy decision eliminated the problem. 

A more complicated side effect involved making the 
BKPT and PBX instructions work properly for break­
points that could tolerate page faults or interrupts (eg, 
breakpoints during string move operations). Under 
some circumstances, a page fault during execution of 
the PBX target instruction caused execution of the BKPT 

instruction, after the page fault was resolved, when the 
PBX target instruction should have been executed. This 
resulted from methods used to load and restore state in­
formation on the user stack. 
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Fig 9 Breakpointing mechanism. 
BKPT instruction overlays operation 
code, halting instruc tion pipeline , and 
trapping to debugger. PBX instruction 
recovers from breakpoint by restoring 
overlaid operation code and resuming 
instruction stream processing 

Implementation group members who were committed 
to the desirability of these debugging features formed an 
ad hoc team that devoted considerable energy to either 
properly designing the microinterpreter for this instruc­
tion pair, or eliminating the pair altogether. Because 
these side effects were detected late in the design cycle, 
an immediate solution was necessary. A reasonable and 
effective solution was found, one that did not further 
affect the instruction definition process. This solution 
serves as a clear example of how a first implementation 
can and will affect instruction set architecture. 

Precise and Compatible Subroutine Handling 

The 16-bit ECLIPSE computer directly supported a 
powerful stack mechanism that handled the stack 
pointer, frame pointer, and stack overflow. In the 
ECLIPSE MY /8000 computer, the 32-bit stack was ex­
panded to include stack overflow and underflow detec­
tion and complete cutback of a stack frame-including 
passed arguments-via only one instruction, a RETURN. 

The 32-bit stack typically supports subroutines invoked 
through the CALL instruction, if one or more arguments 
are passed, or by means of a Jump to Subroutine (JSR) 
instruction, if no arguments are passed on the stack. 
Ultimately, the same stack frame is built in each case, 
and the same instruction is used for the return (Fig 10). 

Precise calling conventions were desirable from two 
vantage points. In one case, studies revealed that the 
execution time for subroutine call and return instruc­
tions represents a significant portion of overall program 
execution time, even in highly computational floating 
point operations, making a fast and efficient 
mechanism desirable. In the other case, it was man­
datory to support a 32-bit common runtime library pat­
terned after the structure successfully developed for the 
ECLIPSE computer. In fact, the ECLIPSE MY / 8000 com­
puter's call, save, and return mechanism supported by 
the hardware accurately mimics this convention. 

One noteworthy aspect of stack support is the atten­
tion given to proper handling, identification, and 
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Fig 10 Stack structure . Hardware stack and frame 
pointers manage stack. Hardware base and limit registers 
detect overflow and underflow, trapping to user routine in 
either case. Subroutine CALL inst ru ction passes arguments 
and constructs stack frame. JSR instruction builds stack 
frame without passing arguments. All structures support 
calli ng conventions of common runtime library 

recoverability of stack faults. A test is made for stack 
overflow upon every operation that pushes an item onto 
the stack. During every operation that pops an item 
from the stack, a test is made for stack underflow . 
When a stack fault is detected, a trap occurs by vector­
ing through a location in page 0 of the current segment; 
thus, the user program-not the operating system­
handles the trap. 

Summary 

Hardware and software implementation and architec­
tural aspects of the ECLIPSE MV / 8000 computer project 
give unique insights into the technical and organiza­
tional requirements for bringing a successful 32-bit 
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minicomputer to the marketplace. Objectives must be 
clearly defined; what is more, they must be used to 
evaluate the various alternatives that inevitably arise. 
Within the scope of the project and the schedules set 
forth, all reasonable alternatives must be considered. 
Decisions should be made as promptly as possible, so 
that the implementation can proceed and the next set of 
alternatives can be analyzed. An indication of the suc­
cess of this approach is that, in addition to achieving its 
primary goals, the final ECLIPSE MV / 8000 computer 
design runs existing AOS 16-bit programs anywhere 
from two to three times faster than the hardware with 
which it was to be compatible. 
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Digital's new 
TU58-EA will 
change the 

way you use tape storage. 
Because it combines the convenience 

and cost advantages of a ready-to-roll tape 
cartridge, with the performance advan­
tages oI random accessing. 

The TU58-EA is a compact table-top 
package, complete with power supply and 
EIA interface, ready to hook up to any 
computer. 

And it has a built-in MPU that makes 
it think like a disk. Instead of handling 
data serially like other tape systems, the 
TU58-EA reads, writes and searches for 
data in blocks. So you can use it in more 
time-critical applications. 

We also offer two unpackaged versions 
for greater design flexibility: the single-drive 
TU58-AB, and aual-drive TU58-BB. Both 
offer universal EIA interfacing. 

High performance storage is just one 
of the ways Digital makes microcomputers 
easier to work with. We offer hundreds of 
hardware products to choose from. Boards, 

boxes, and development systems. 
Memory and interface boards. Ter-

minals and printers. With the 
widest selection of pow­

erful, prove~ 
softwarem 
the industry. 

All backed 
by Digital's 
support group 
of over 14,00U 
people 
worldwide. 

It's the 
total approach 

to micros, only 
from Digital. 

For more information 
call our toll-free LSI-11 
Hotline at 800-225-9220. 
(In MA, HI, AK and 

Canada, call 617-467-7000.) Or 
send the coupon. 
Digital Equipment Corporation, 

MR2-2/M65, One Iron Way, Marlboro, MA 
01752. In Europe: Digital Equipment Co. 

Lirruted, Acre Rd., Reading, 
RG2 OSU, England. In Canada: 
Digital Equipment of Canada, 
Ltd. Or contact your local Hamil­

ton/ Avnet distrioutor. 

r-----------------1 
D Please send more information on the TU58 family. 
D Please have a Sales Representative call. 

Name _____________ _ 

Title ______________ _ 

Company ____________ _ 

Address _____________ _ 

City ______ State __ Zip ___ _ 

Telephone ____________ _ 

My application is ___________ _ 

Send to: Digital Equipment Corporation, MR2-2/M65, 
One Iron Way, Marlboro, MA 01752. 
DEC-C-156 0 -1-0 

~-----------------~ 
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We change the way 
the world thinks. 



OEM 
America Meets 

At The Invitational Computer Conferences 

In Boston 
. .. in Ft. Lauderdale 
.. . in Palo Alto and 
seven other cities, OEM 
decision-makers meet 
the country's top computer 
and peripheral manufac­
turers at the Invitational 
Computer Conferences-the 
only seminar/displays 
designed specifically for the 
unique requirements of the 
quantity user. 

In one day, at each 1980/ 81 
ICC, guests will receive a con­
centrated , up-close view of 
the newest equipment and 
technology shaping our indus­
try. Some of the companies 
which participated in the 
1979/80 ICC Series were : 
ADDS ; AVIV Corp ; Applied 
Data Communications ; BASF 
Systems; Cambridge Mem­
ories, Inc.; Centronics ; Century 
Data Systems; Cipher Data 
Products; Compugraphic ; 
Computer Devices; Control 
Data Corp. ; Data Systems 
Design ; Dataproducts Corp. ; 
Dataram; Datasystems Corp .; 
Diablo Systems; Documation ; 

Emulex Corp. ; Facit Data 
Products ; Florida Data; 
Hewlett-Packard ; International 
Memories, Inc .; Kennedy 
Company; Lear Siegler; M DB 
Systems; MFE Corp .; Micro­
data; Monolithic Systems; 
Mostek; NEC Information Sys­
tems; National Semicon­
ductor; Olivetti ; Perkin-Elmer 
Memory Products; PerSci , 
Inc.; PCC/ Pertec; Pioneer 
Magnetics; Plessey Per­
ipherals ; Powertec ; Priam ; 
Printronix; Remex ; Rianda 
Electronics; Scientific Micro 
Systems; Shugart Associates ; 
Siemens; Storage Technol­
ogy; TEC; Tally Corp. ; Tele­
type ; Telex Computer 
Products; Texas Instruments; 
Tri log ; Universal Data Sys­
tems ; Versatec ; Xylogics. 
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The schedule 
for the 1980/81 

Series is: 

Sept. 8, 1980 Newton, MA 
Sept. 30, 1980 Valley Forge, PA 
Oct. 22, 1980 St. Louis, MO 
Nov.18, 1980 Palo Alto, CA 
Jan. 13, 1981 Orange County, CA 
Feb. 3, 1981 Ft. Lauderdale, FL 
Feb. 5, 1981 Atlanta , GA 
Mar. 3, 1981 Dallas, TX 
Mar. 5, 1981 Houston, TX 
Apr. 2, 1981 Denver, CO 

Invitational 
Computer 
Conferences 

Invitations are available from 
participating companies 
or the ICC Sponsor. 
For further information contact: 
B.J . Johnson & Associates, Inc. 
2503 Eastbluff Drive, No. 203 
Newport Beach, CA 92660 
( 714) 644-603 7 



A new measure of protection 
fromAIRPAX 

AIRPAX has the smallest, most com· 
pact line of magnetic circuit breakers 
available. They give the same ON-OFF 
power switching and reliable protec· 
tion as much larger competitive units. 
PUSH-PULL and PUSH-TO-RESET 
designs have evolved from the well· 
proven SNAPAK® Circuit Protector. 
All have the patented snap-action 
mechanism which increases opera· 
tional life by as much as five times. 
Operator "teasing" of the contacts 
has been eliminated and arcing is 
minimized. 

SNAPAK Circuit Breakers will aper· 
ate at either DC, 50/60Hz or 400Hz 
and are especially designed for panel 
mounting. The PUSH-TO-RESET has 
a position indicator and prevents acci· 
dental shutoff. 

AIRPAX has a complete line of cir· 
cuit breakers to serve your needs. 
Write or call us today for our new short 
form catalog. AIRPAX/North American 
Philips Controls Corp., Cambridge 
Division, Woods Road, Cambridge, 
MD 21613, telephone (301) 228-4600. 

R 
I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
Cambridge Division 
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The speed of our system 
l01Mersyourrealproduct 

development costs ... 

real fast 
There are many good reasons 
why you should consider our 
development systems for imple­
menting your smart-product designs. 
Universality . .. compatibility with the 
newest 16-bit devices .. . upgrade­
abi lity to multi-user networks ... 
and our unexcelled slave emulation 
support are solid reasons why 
a GenRad system is your best buy. 
But don 't overlook the speed, the 
ease-of-use and the versatility 
we've built into the 2300 series. 

These are the factors that 
can do the most to lower your 
real product development costs. 
By speeding up the circle of design 
(editing, assembling, 
linking and 

GenRad 2300 Series Stand-Alone Universal 
Development System. Supported processors : 
8080, 8085, Z-80, 6800, 6802, 1802; the 8086, 
68000, 6809 and 6502 are supported with the 
GenRad 2302 Slave Emulator. 

debugging). Helping you bring 
products to market before your 
competitors. Helping you meet more 
of your design goals. Helping you 
work smarter, not harder. Compare 
us! After you've seen our 
demonstration, you'll know why. 

You've got to see our hard disk/ 
floppy disk manager with "wild 
card" file names. Our screen-based 

editor will astound you with its 
speed, full program scroll­
ing, find/ replace, block 
move and file merge 
features. Our relocatable 
macro-assemblers, high 
level languages and 

in-circuit emulation with 
symbolic debugging 
have to be seen 

to be appreciated. 

We've kept things simple and fast. 
Easy-to-learn but sophisticated. 
Our operating system is menu driven. 

Gen Rad 
Development Systems Division 
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Complex commands have auxiliary 
"help" displays to reduce reliance on 
reference cards. With our command 
file processor you can create your 
own higher level operating system. 
With a single command you can 
execute the most complex pro­
grams, again and again, without 
repeating redundant, time­
consuming instructions. It's so 
fast, our system will be waiting 
for you .. . not the other way 
around. 

Remember this. Helping you build 
smarter smart products is just part 
of our commitment. Helping you 
do it faster and at less cost is just 
as important. 

Ask for a demonstration. 

Visit us at SOUTHCON Booth No. 658. 

5730 Buckingham Parkway 
Culver City, CA 90230 
(213) 641 -7200 TWX: 910-328-7202 



LOGIC ANALYZERS 
CONQUER LSI COMPLEXITY 

Logic analyzers transcend the complexity of LSI circuits by using 
time and data domain recording to isolate microprocessor problems in 
hardware and software control 

Gary Brock Gould, Incorporated, Biomation Div 
4600 Old Ironsides Dr, Santa Clara, CA 95050 

P roviding instrumentation suitable for debugging 
and troubleshooting systems based on large scale in­
tegrated circuits-such as the microprocessor-has been 
a major challenge to the test and measurement industry. 
As compared with earlier devices, the behavior of 
microprocessors is both complex and dynamic; prob­
lems can exist in the hardware, the software, or only in 
specific hardware/software interactions. Even though 
instruments designed for static electrical characteriza­
tion can be extremely useful, electrical characterization 
alone is often inadequate for isolating problems or veri­
fying proper operation. Microprocessor activity entails 
the complex interaction of several different signals in 
ways that vary over time in response to both program­
ming and external inputs. 

Logic analyzers are a class of instruments specifically 
designed to simultaneously monitor and record digital 
information from several different signals over a 
number of consecutive time periods. Originally intro­
duced in 1973 (less than three years after the first 
microprocessor), these versatile instruments can sample 

digital data transitions synchronously to obtain data do­
main (logic state) recordings of program activity, or 
asynchronously to obtain time domain recordings of 
signal pulse widths and relative timing skews. Although 
these capabilities were first offered in two separate in­
struments, several of today's general purpose logic 
analyzers (themselves microprocessor based systems) 
perform both functions. 

Keeping pace with the rapid growth in digital 
technology, logic analyzers have been refined to offer 
more channels, multiple clocks and qualifiers, 
multilevel triggering, and sophisticated delay features. 
Powerful formatting, search, and compare functions 
are now available to assist users in analyzing recorded 
data. Such data recordings show dynamic software exe­
cution in the microprocessor, and provide complete in­
formation on the types of instructions executed. This 
process zeroes in on which inputs or combination of in­
puts results in a system malfunction. Since they can 
record actual system behavior in real time, logic 
analyzers have become one of the primary tools of 
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digital designers and systems integrators. Evolution 
toward a systems approach in instrumentation has 
brought such valuable refinements as fully program­
mable interfaces (allowing external control of logic 
analyzers), desktop computers (for automated testing), 
and extensive, specialized data analysis. 

In addition to offering powerful recording and for­
matting capabilities, microprocessor control of in­
strumentation supplies the flexibility necessary for 
analysis of nearly all digital circuitry. Discrete com­
ponents, microcomputers, peripherals, parallel inter­
faces, serial interfaces, and even complex mainframes 
all can be evaluated and debugged quickly using these 
analyzers. 

Popular Architecture 

One widely used 8-bit microprocessor, the 8085A, is in 
many ways typical of a number of other micropro­
cessors currently available. It incorporates several in­
teresting design features, including a multiplexed ad­
dress/ data bus, multiple control signals, and a 
sophisticated interrupt structure. Using a single 5-V de 
power supply, the microprocessor occupies a 40-pin 
dual-inline package (DIP). With a standard 320-ms 
clock, it has instruction times ranging from 1.3 to 
5.57 ms. Examination of the functional architecture of 
the 8085A provides a specific background for under­
standing the problems involved with measuring micro­
processor behavior and for discussing the ways in which 
logic analyzers can provide solutions. 

Multiplexed bus structure brings out both address and 
data information over the same lines by using separate 
control signals to indicate when each type of informa­
tion is valid. This effectively reduces the number of 
signal lines coming out to the integrated circuit (IC) that 
are needed for a given level of operation. Consequently, 
the processor can be packaged in a compact 40-pin DIP 
to save board space while allowing the inclusion of 
several other signals to increase overall flexibility. 

Bus Signals 

Fig 1 (a) maps out the 8085A pinout. Note that both the 
data byte and the low order address byte are brought 
out of the microprocessor on the same pins (12 to 19) 
and are labeled ADo to AD1. The high order address is 
output separately via pins 21 to 28 as As to A 1s . 8085A 
signals available as a result of this multiplexing scheme 
that were not available on Intel's earlier 8080A include 
ALE, RST 5.5, RST 6.5, RST 7.5, TRAP, RESET OUT, SID, and 
SOD. The SID and SOD signals provide the processor with 
a limited serial input and output capability. RESET OUT 
allows synchronous reset ·of system support devices 
while TRAP, RST 7.5, RST 6.5, and RST 5.5 provide 
maskable and nonmaskable priority restart interrupts. 
ALE replaces the 8080A SYNC signal to indicate the first 
clock period of every machine cycle. In addition, the 
falling edge of ALE serves as the control signal that in­
dicates valid address information, providing the key to 
demultiplexing the 8085A. Thus, by multiplexing the pro-

cessor, seven signals of considerable value were added 
without requiring a larger IC package. 

Bus Timing and Machine Cycles 

Fig 1 (b) shows the basic timing relationships of the 8085A 
as described by the manufacturer. Three typical 
machine cycles are shown; an operation code (opcode) 
fetch, a memory read, and an input/output (110) write 
cycle (as would occur during processing of the OUT in­
struction). Valid data for both the instruction fetch and 
the memory read are indicated by the rising edge of RD. 
Valid data for the 110 write are indicated by the rising 
edge of WR. INTA, the only other control signal that in­
dicates valid data, is not shown but has timing very 
similar to RD. Note that the upper address bus (As to 
A1 s) remains valid not only for the falling edge of ALE 
but also for the rising edge of the data control signals. 
Therefore the upper address byte can be read using 
either ALE or the same signals (RD, WR, and INT A) that 
indicate valid data information. 

There are six possible types of machine cycles during 
which the 8085A bus remains active. In addition to the 
three shown in Fig 1 (b ), these are memory write, 110 
read, and interrupt acknowledge cycles. The type of 
cycle being executed is defined by states of IO/ M, S1, and 
So. 8085A bus active machine cycles and the correspond­
ing states of these status lines are listed in the Table. 

Machine Cycle Chart 

Machine Cycle 10/M s, So Octal 

Memory Write (MW) 0 0 1 1 

Memory Read (MR) 0 0 2 

Opcode Fetch (OF) 0 1 3 
1/0 Write (IOW) 0 5 
1/0 Read (IOR) 0 6 

Interrupt Acknowledge (INT A ) 7 

Troubleshooting in the Time Domain 

Since logic analyzers can perform timing measurements 
on several digital signals simultaneously, rapid com­
parison with manufacturer's specification tables and 
pinpointing of unwanted noise signals are facilitated. 
Typical timing problems that are handled easily using a 
general purpose logic analyzer include measuring signal 
pulse widths, determining phase relationships between 
signals, detecting race conditions, and finding asyn­
chronous noise spikes ("glitches"). Current logic 
analyzers can record and display up to 16 channels of 
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Fig 2 Time domain analysis. Same three machine cycles shown 
in Fig 1 appear in actual display of 8085 executing OUT instruc­
tion (note similarity). Two vertical cursors mark beginning and end 
of OUT execution. Data at bottom give relative cursor pos it ions 
and instruction duration 

high resolution timing information. Using an internal 
sampling clock running at a much faster rate than the 
system signals being examined, these analyzers provide 
timing resolution ranging from 50 ns (20 MHz) to 5 ns 
(200 MHz). Because information is sampled and stored 
digitally, data changes are recognized only at the active 
edge of the sampling clock. Several analyzers also offer 
latching circuitry, however, which permits the user to 
detect threshold crossing between samples. A variety of 
sophisticated triggering mechanisms is available to en­
sure that the time window desired is captured precisely. 

Fig 2 shows an actual time domain recording of an 
8085A executing an OUT instruction; the same three 
machine cycles are shown in Fig 1 (b). This recording 
was made by a high performance, general purpose logic 
analyzer with 16-channel, 100-MHz timing resolution, 
32-channel data domain recording, and a standard 
IEEE-488 programmable interface. After the desired 
resolution (sampling rate) was determined, the analyzer 
was programmed to trigger on the opcode correspond­
ing to the OUT instruction. Two cursors or vertical 
lines-one at the far left and one toward the right side 
of the display-have been positioned to coincide with 
the beginning and the end of the OUT instruction execu­
tion, respectively. Relative positions of the two cursors 
are shown at the bottom of the display, and the time 
represented by the difference in their positions can be 
read directly at the bottom right side. Because of the 
digital nature of logic analyzers, this time measurement 
has an uncertainty of one sampling clock period (in this 
case, 20 ns). 

The cursor positions help to identify the relevant por­
tion of the recording and to illustrate the ease of making 
timing measurements with a modern logic analyzer. The 
analyzer can be programmed to capture the execution of 
any 8085A instruction and the cursors lined up to 
measure the difference between any two positions in the 
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resulting recording. Instruction execution times, signal 
pulse widths, channel to channel skews, and even com­
plex multistate dependent timing intervals can be 
measured easily and quickly. 

Troutileshooting in the Data Domain 

Data domain recordings depict the dynamic execution 
of software. Address and data information can be for­
matted and displayed in a manner very similar to that of 
a program object code listing. Typical formats allow 
binary, octal, hexadecimal, and ASCII charac.ter group­
ings of data channels. Instead of just recapturing the 
program, however, logic analyzers are also able to 
record every machine cycle involved in the actual execu­
tion of the program. For example, if a program calls for 
the execution of a loop that starts at 500 and decrements 
to 0 by intervals of 1, a data domain recording would 
capture the execution of each iteration in the loop. 

In addition to capturing the address and data infor­
mation, recording a variety of status and control signals 
is desirable. Signals can help to identify what the system 
was actually doing when it processed a particular ad­
dress/ data combination. In the case of the 8085A, each 
machine cycle is identified by three status signals (IO/ M, 
S1, and So), as shown earlier in the machine cycle chart. 
Recording these signals along with their corresponding 
address and data provides complete identification of 
every machine cycle executed. Even more complete in­
formation can be recorded by also monitoring the 
various 8085A interrupt signals (INTR, TRAP, RST 7.5, RST 
6.5 , and RST 5.5). 

Accurate data domain recording of program activity 
requires that logic status be recorded synchronously; all 
signals must be monitored exactly as they are handled 
by the processor. Since the 8085A is a multiplexed pro­
cessor, its instructions can be clpcked by both ALE and 
any of three control signals: RD, WR, or INTA. Therefore, 
in order to properly monitor 8085A activity in the data 
domain, the logic analyzer must be equipped with both 
demultiplexing and OR clocking capabilities . 

Although demultiplexing and OR clocking features 
are available in several logic analyzers, not all manufac­
turers' implementations are equally desirable . In some, 
external circuitry may be required, which introduces the 
possibility of loading down the system with multiple 
probes on individual signal lines (such as the multi­
plexed address/ data lines ADo to AD1). Excessive loading 
of any signal can affect system behavior and possibly 
cause failures. Preferably, each signal is monitored with 
a single probe and then buffered from internal circuitry 
before it is fed to other locations. 

Fig 3 shows a portion of an actual 8085A data domain 
recording, made by the same logic analyzer that pro­
duced the time domain recording in Fig 2. Thirty-two 
channels of information were recorded; 16 channels 
were assigned to _ address, 8 to data, 3 to the machine 
cycle status signals '{IO/M, S1, and So), and the remaining 
5 to the various interrupt signals (INTR, TRAP, RST 7 .5, 
RST 6.5, and RST 5.5, respectively) . The 16-bit 8085A ad­
dresses are shown in hexadecimal on the same lines as 
their respective logic analyzer memory locations. Data 
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bytes are displayed directly beneath the 8085A addresses. 
Just to the right of the data bytes are the machine cycle 
status signals, formatted in octal to allow easy iden­
tification of the type of machine cycle executed. The 
five interrupt signals are each displayed sequentially in 
binary following the machine .cycle status signals. 

DAH1 A SPCL CLOCK E><H DEL AV 495 CLOCKS 

- II • • • • c 083 2008 
3E 3 0 8 0 

004 2001 
AA 2 0 0 0 

T 085 2002 
D3 3 0 a 0 

006 2803 
01 2 0 0 0 

007 0101 
AA s a e 0 

eea 200-4 
C3 3 0 e 0 

009 2085 
00 2 0 .l 0 0 

010 2006 
20 2 0 0 0 

011 2000 
3E 3 0 0 0 

012 2001 
AA 2 0 0 0 

Pfh' T: 5 C< 3? R< 511> R-C " +509 

Fig 3 Data domain analysis. Display depicts software execution 
by presenting address and data information in various "program 
listing" formats. Here, each memory location corresponds to one 
machine cycle. Besides reconstructing dynamic programs, 
analyzers are capable of recording every machine cycle that 
occurs during program execution 

Each logic analyzer memory location corresponds to 
the execution of a single machine cycle. All bus active 
machine cycles were recorded in their consecutive order 
of occurrence, and there is a unique memory location 
for each cycle to trace machine flow in real time. A 
number of sophisticated triggering parameters can pro­
vide precise capture of the information surrounding 
suspected problem areas. 

Visual analysis of a recording is often supplemented 
by powerful analysis routines resident in the logic 
analyzer. Automatic search and compare features, for 
example, allow rapid determination of questions such 
as, How many instruction fetches are present in . 
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discrete logic, microprocessor, and mainframe digital systems 
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memory? How long did it actually take to execute a par­
ticular program loop? Was address OFC3 captured in 
memory? What differences exist between this recording 
and one made earlier? 

Summary 

Logic analyzers are an excellent answer to the problems 
of microprocessor debugging and troubleshooting. Par­
ticularly, the strength of the general purpose logic 
analyzer, itself a microprocessor based system, lies in its 
ability to record both in the time domain and in the data 
domain . Hardware faults, software faults, and specific 
hardware/software interactions that cause micropro­
cessor malfunctions are easier to locate and evaluate. 
Data recordings show dynamic software execution in 
the microprocessor. By providing complete information 
on the types of instructions executed, the data record­
ings reveal which inputs or combinations of inputs 
caused the system's behavior. 

Bibliography 

Intel Component Data Catalog, 1980, pp 6-24 
B. Lorentzen, "For Complete µP Design, Logic Analyzers 

Finish What Development Systems Start," Electronic 
Design, Mar 29, 1980, pp 81-85 

B. Lorentzen, "How Much Speed is Enough for a Logic 
Analyzer?" Electronic Engineering Times, July 23, 1979, 
pp 48-49 

M. Marshall, "What to Look for in Logic Timing Analyzers," 
Electronics, Mar 29, 1979, pp 109-114 

A. Osborne and J . Kane, An Introduction to Microcomputers, 
Volume 2: Some Real Microprocessors, Osborne/McGraw­
Hill, Berkeley, Calif, 1978 

R. Tottingham, "Understanding Logic Analyzers," Machine 
Design, Apr 2, 1979, pp 99-104 

Please rate the value of this article by circling 
the appropriate number in the "Comments" 
box on the Inquiry Card. 

High 704 Average 705 Low 706 

129 



TECH NOTE 

The Changing Power Supply Scene 

Important implications exist for power supply manufacturers and users 
alike as switching power supplies become an attractive alternative to 
linear reguiation in low output applications 

Jeffrey D. Shepard 

A lmost every electronic system 
uses some kind of power supply to 
convert raw input power from the ac 
line into refined electrical power 
that is compatible with system re­
quirements. Because they are 
needed in so many systems, power 
supplies represent an important seg­
ment of the overall electronics in­
dustry. 

Two distinct segments, one large 
and one small, make up the power 
supply market. The former (75% in 
1979) incorporates a mature 
technology growing at 8 to 1 OOJo a 
year, while the latter incorporates a 
developing technology that is ex­
periencing 30% annual growth and 
significant change. This large dif­
ferential in growth rates is causing a 
basic structural change in the power 
supply industry, although external 
factors also contribute to the 
change. The latter include the 
quality of electric power produced 
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by utilities, changing government 
regulations, and technological 
developments in other areas of elec­
tronics. 

Developing Versus 
Mature Technology 
Today, most power supply designs 
use the linear or series-pass regula­
tion technique. Linear power sup­
plies provide excellent regulation, 
but they have a number of char­
acteristics that are increasingly 
becoming drawbacks to their 
general use. When energy was abun­
dant and raw materials inexpensive, 
it did not matter that a typical linear 
wastes 60% of its input energy as 
heat; nor was the relatively large 
amount of copper and steel needed 
to manufacture linears considered a 
serious disadvantage. However, as 
concern over the relative ineffi­
ciency of linears grew, the basic 

technology of the power supply in­
dustry began a shift to a different 
and more efficient regulation 
technique called pulse width 
modulated switching regulation. 

Switching power supplies, or 
switchers, have been used in military 
applications for many years. Yet, it 
took the development of more 
reasonably priced switching tran­
sistors to make switchers commer­
cially practical. The technology used 
to achieve the increased electrical 
and material efficiency of switchers 
is relatively complex and quite dif­
ferent from that of linears. Because 
of their cqmplexity, early switchers 
were competitive only in the higher 
wattage output markets; in fact, the 
first commercially economical 
switchers used transistors originally 
designed for automotive and televi­
sion applications. To achieve 
acceptable performance, these 
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We just elivere 
our one niillionth 

Why the celebration? 
We just delivered our millionth D.C. power supply to a 
very happy customer. Borrowing a note from the record 
industry, we presented a special solid gold unit to 
further honor the occasion . 

One million. 
An impressive number in itself . But consider what it 
took to get there. 

Electrical Wire - about 475 million feet. That's 
enough to wrap around the world a few t imes. 
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to cover more than 17 football fields . 
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in-circuit test. 
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of turns of the screwdriver. 
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largest manufacturer of open-frame D.C. power suppl ies. 

We have the experience. 
We do all manufacturing in our new 100,000 sq. ft . 
facility. And we continue to guarantee the service , 
quality, and reliability you demand. 

So now begins the second million . And it won 't take 
long to get there . Not when you see our expanded line 
of open-frames - plus a new and growing family of 
switchers. All at our same old low prices! 

See for yourself. 
Send for our new 1980-81 
Catalog and Power-One 
Tour Guide. You'll know 
why we reached the first 
m ill ion in record time. 
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bit densities of NMOS ... and the low power dis­
sipation of CMOS. This advanced technology 
has never been more evident than in our IR100 
award-winning HM6147 CMOS memory: a 
unique combination of high-speed NMOS 
memory cells and low-power CMOS 
peripheral circuits yield fast 55ns access times 
with low-power 75mW dissipation; there's never 
a need for costly cooling systems and high cur­
rent power supplies with the HM6147. Best of all, 

Available I 

there's no need to wait for this advanced 
technology CMOS RAM: you can get all the 
Hitachi HM6147 CMOS RAMs you need - at a 
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by call ing your local Hitachi Representative or 
distributor sales office. 
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transistors had to be matched in­
dividually, resulting in an extremely 
high and costly rejection rate. 

Continued improvements in 
switcher technology have made the 
modern power supply market a 
dynamic one. As switching power 
supply sales volume increased, de­
mand for switching transistors grew 
to a point where transistor manufac­
turers began to design and produce 
devices specifically for switcher ap­
plications. However, in addition to 
being expensive, early switchers 
were less reliable than linear power 
supplies. This lower reliability was a 
direct manifestation of their com­
plexity and the lack of components 
designed specifically for their use. 

"Today's major linear power 
supply manufacturers could 
easily be replaced by a new 
group of switcher manufac­
turers.'' 

Increased sales volume has 
spurred development of integrated 
circuits (ICs) for use in switching 
regulated power supplies. These ICs 
significantly reduce the cost of 
designing and manufacturing 
switchers. Furthermore, use of com­
ponents developed specifically for 
switchers, and use of ICs to reduce 
overall component count, together 
have resulted in greatly improved 
reliability comparable to that of 
linears. The next few years should 
see continued adoption of switching 
regulation by the power supply in­
dustry. 

What is expected as an important 
result of this trend is that industry 
leadership will shift as basic 
technology changes. Today's major 
linear power supply manufacturers 
could easily be replaced by a new 
group of switcher manufacturers. 
This has happened many times in 
the electronics industry. Examples 
include the displacement of RCA, 
Sylvania, and General Electric as 
suppliers of vacuum tubes by Texas 
Instruments, National Semiconduc­
tor, and Motorola as suppliers of 
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semiconductors; and the replace­
ment of Friden, Monroe, and Victor 
as suppliers of electromechanical 
calculators by Texas Instruments, 
Hewlett-Packard, and Casio as sup­
pliers of electronic calculators. 

Leadership changes as technology 
changes. Companies that hold large 
shares of a market for current 
technology products, such as 
linears, have major technical and 
financial investments that cannot be 
adapted quickly or easily to chang­
ing technology, such as switcher 
regulation. Major suppliers must 
precisely time their move into a new 
technology. Changing before the 
new technology has been accepted 
by a wide enough segment of the 
market, or after competitive firms 
have become entrenched in the new 
marketplace, will cost companies a 
substantial portion of their market 
share. 

In the power supply industry, the 
top five commercial firms are 
primarily manufacturers of linears. 
These are Lambda Electronics, ITT 
North Electric, Acme Electric, 
ACDC Electronics, and Power I 
Mate. All are currently at various 
stages of transition from linears to 
switchers. The second ranking five 
commercial power supply manufac­
turers consist of four switcher com­
panies and one supplier of linears: 
LH Research, Power-One (linears), 
Pioneer Magnetics, Hewlett­
Packard, and Boschert. Because the 
switcher companies are already 
strongly committed to the new 
technology, any of the linear com­
panies that do not use precise timing 
in "hitting the window" into the 
switcher market can be expected to 
lose significant market share to the 
switcher manufacturers. 

Switcher technology should con­
tinue to improve in the 1980s, with 
the replacement of bipolar tran­
sistors by power metal oxide 
semiconductor field effect tran­
sistors (MOSFETs) as the next major 
development. This change is ex­
pected to be gradual, beginning in 
the low power units and slowly be­
ing incorporated into higher output 
level equipment above the 200-W 
level. Designs that include power 
MOSFETs will yield smaller, less ex­
pensive, and more reliable 
switchers; therefore, to achieve 
long-term survival as a major power 

supply manufacturer, a company 
must adopt switcher technology and 
also make the transition from 
bipolar to MOSFET switchers, with 
the sizable research and develop­
ment investment this entails. Again, 
manufacturers who cannot meet the 
challenge will lose market share. 

Efficiency Considerations 
Although initial unit price is impor­
tant, the efficiency of a power 
supply has greater impact on the 
cost of ownership and is thus a 
critical factor in power supply com­
parisons. The efficiency of a power 
supply is often oversimplified and 
misunderstood. It is usually defined 
as the ratio of output power to input 
power. By this measure, the effi­
ciency of a typical linear is 400/o, 
and that of a switcher 700/o. 
However, the true magnitude of the 
difference between 40 and 700/o effi­
ciency may not be obvious. Con­
sider two typical 250-W power 
supplies: a linear and a switcher. 
The linear requires 625 W of input 
power, the switcher 357 W. Energy 
consumption of these units differs 
significantly in that the switcher 
wastes only 107 W of input power 
while the linear wastes 375 W, more 
than three times as much. In terms 
of today's energy costs, this is an ex­
pensive difference over the entire 
life of the systems in which power 
supplies are installed. 

"Switcher prices, now com­
petitive with linears at levels 
above 100 W, will continue to 
fall as the technology ad­
vances." 

Another important consideration 
is the need to exhaust the heat 
dissipated by a power supply. Most 
modern electronic systems operate 
in environmentally controlled sur­
roundings. A linear places a much 
greater load on air conditioning 
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equipment than a cooler running 
switcher. Therefore, although the 
change in moving from 40% effi­
ciency to 70% efficiency is less than 
a factor of two, this translates into a 
fourfold decrease in wasted energy, 
a difference that becomes increas­
ingly important as the cost of energy 
continues to rise. 

"Switchers ... typically provide 
20 ms of carryover, adequate 
for the protection of digital 
systems against momentary 
dropouts." 

Material efficiency is also impor­
tant in the overall efficiency of a 
power supply. Switcher prices, now 
competitive with linears at levels 
above IOO W, will continue to fall as 
the technology advances. Linears in­
corporate large 60-Hz power 
transformers, which consume large 
amounts of steel and copper; 
therefore, the price of linears will in­
crease with the rising price of 
materials. Besides being costly, 
large transformers are heavy. A 
linear will deliver about 5 W /lb 
(I I W /kg), a switcher about 
20 W /1 b ( 44 W /kg). Physical 
volume is another manifestation of 
the material efficiency of a power 
supply. Linears typically offer 
0.33 W /in 3 (0.02 W /cm 3

), switchers 
1.0 W /in 3 (0.06 W /cm 3

); thus, a 
switcher will occupy only one-third 
the space of a comparable linear. 

External Factors 
The quality of the electric power 
delivered on the major power 
distribution networks is only fair. It 
is quite common for ac line power to 
skip a cycle so that a I 6-ms dropout 
occurs. Dropouts can also be caused 
by power distribution network 
switching or even a natural 
phenomenon like lightning. 

Most digital systems cannot 
tolerate a loss of power for longer 

than about I5 ms, and a linear 
power supply cannot provide suffi­
cient carryover in the case of line 
voltage dropouts. Switchers, on the 
other hand, typically provide 20 ms 
of carryover, adequate for the pro­
tection of digital systems against 
momentary dropouts. They also 
protect electronic systems from 
brownouts. Li nears normally 
tolerate an input voltage range of 
only ± 8%, whereas switchers have 
an input voltage range of about 
+ IO to - 20% of nominal. 

It is generally accepted that roll­
ing brownouts will occur frequently 
in the future and that ac line power 
dropouts will continue to be com­
mon. These factors, together with 
the increasing importance of con­
tinuous operation of digital systems, 
will help determine the rate at which 
switching regulated power supplies 
replace linears as the industry stan­
dard. 

Changes in the scope of govern­
ment regulations will also affect the 
transition from linears to switchers. 
The Federal Communications Com­
mission (FCC) recently adopted 
regulations covering the emission of 
electromagnetic interference ( emi) 
from electronic equipment. Linears 
are inherently quiet devices that pro­
duce little emi, whereas switchers 
are emi sources that require exten­
sive filtering to meet FCC regula­
tions. Most current technology 
switchers incorporate filter net­
works that reduce emi, but generally 
not to the extent now required by 
the FCC. The emi limits acceptable 
to the FCC are similar to those set by 
the German organization Verband 
Deutscher Elektrotechniker through 
its 0871 specification. Only one 
manufacturer can meet the emi re­
quirements of VDE-0871 through in­
ternal filters, demonstrating the dif­
ficulty of conforming to strict erni 
requirements. 

A second area of government 
regulation that could become im­
portant is the minimum allowable 
efficiency standard for electronic 
equipment. Efficiency requirements 
have already been imposed on the 
automobile industry and are pend­
ing for the electric appliance in­
dustry. Any reasonable standard, 
such as a requirement for efficiency 
greater than 50%, would call for use 
of switchers rather than linears. 

The speed and direction of 
technical change in the entire elec­
tronics industry will affect the 
power supply segment, since all 
manufacturers will need to work 
harder than ever to keep abreast of 
their own fields. Electronics firms 
now producing power supplies in­
house as a sideline will no longer be 
able to keep pace with current tech­
nology in both their primary field 
and the area of power supplies. The 
result will be the growth of the non­
captive segment of the power supply 
market. 

"A second area of govern­
ment regulation that could 
become important is the 
minimum allowable efficiency 
standard for electronic equip­
ment." 

The increasing use of micropro­
cessor based devices, too, will im­
pact the industry. As compact, low 
power microprocessor systems 
replace mainframe computers and 
other large electronic systems, the 
market for high wattage power sup­
plies will shrink, while lower power 
units will account for an even larger 
portion of power supply produc­
tion. This will affect power supply 
manufacturers because low power 
switchers generally incorporate cir­
cuit configurations quite different 
from those of high power switchers. 
It is another area in which the suc­
cessful manufacturer must adjust to 
changing conditions. 

Conclusion 
Switcher technology will continue to 
improve during the coming decade, 
leading to lower cost and greater 
reliability. In contrast, linears, 
because they reflect a mature 
technology, will continue to increase 
in price as labor and raw materials 
costs rise. Consequently, the power 
supply industry will be abandoning 
linear regulation technology in 
favor of switchers. For power 

(continued on page 137) 
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mart screen 
size: 15" 

15-inch display heads 
the Executive 80™ list of 
smart ergonomic features. 
When you look at the business end 
of a terminal, you expect to see a 
clear, crisp display. That's exactly 
what you'll see on the Executive 80™ 
standard 15-inch display. Executive 
80 gives you a viewing area that's 
25% larger than the competition's 
12-inch screens - at no extra cost. 
Since a larger screen is easier to 
read, you can expect increased 
throughput, fewer errors, and 
greater comfort for your operators. 

Hazeltine's attention to ergonomic 
detail doesn't stop with the larger 
screen. You can order the tiltable 
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supply manufacturers, the changing 
technology could bring about a 
change in industry leadership. Ma­
jor linear manufacturers who fail to 
move into switcher technology at 
the right time will suffer a signifi­
cant loss of market share, while 
strong switcher manufacturers who 
can take advantage of the change in 
technology will gain market share. 

During the transition period from 
linears to switchers, the latter will 
continue to be in short supply 
because major switcher manufac­
turers have not yet grown large 
enough to keep up with demand, 
while linear companies have yet to 
complete the transition to the new 
technology. Numerous small 
switcher manufacturers have sprung 
up to fill the gap between the supply 
of and demand ·for switchers. As the 
transition to switchers is completed, 
a major shakeout in the power 
supply industry is likely to take 
place. Some large producers of 
linears will make the change suc­
cessfully; others will not. 

''The transition from bipolar 
to MOSFET technology within 
the switcher industry could in­
tensify the coming shakeout 
and impact power supply 
users as well as manufac­
turers.'' 

The transition from bipolar to 
MOSFET technology within the 
switcher industry could intensify the 
coming shakeout and impact power 
supply users as well as manufac­
turers. Users who purchase their re­
quirements from outside vendors 
must adapt their power supply 
specifications to switcher tech­
nology and review their qualified 
suppliers with an eye to switcher 
capability. Users who are in-house 
producers of power supplies will 
face ever increasing difficulties in 
manufacturing state of the art 
power supplies. Linears can be de­
signed in a matter of weeks, but 
switcher design requires many 

months. This fact will encourage 
many firms that are now producers 
to turn to outside vendors to over­
come the problems of efficient 
power supply production. More­
over, changes in government regula­
tions will compound the problems 
of firms that attempt in-house pro­
duction of switchers. 

Finally, technology changes in 
other parts of the electronics in­
dustry will affect the power supply 
segment. Most important will be the 
continuing development of micro­
processor based systems, which will 
cause the market for high output 
power supplies to become a smaller 
portion of the overall power supply 
market. The outcome of all these 
changes within the industry is that 
two kinds of manufacturers will 
most likely survive in the long term: 
small but technically strong com­
panies that produce a low volume of 
high power units and custom 
switchers, and a few large com­
panies that produce a very high 
volume of low power switchers for 
the microprocessor based products 
currently being developed. 
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TECH NOTE 

Microprocessor Controlled 
Digital Pulse Width Modulators 

Practical, extensible circuits illustrate the advantages of digital pulse width 
modulation in effective, low cost, microprocessor based applications that 
range from signal processing to servo control 

Vassilios J. Georgiou 

A pulse width modulator changes 
the on-off ratio of a pulse train ac­
cording to a control signal. In a 
digital pulse width modulator, the 
control signal is a data word whose 
value determines the pulse width. 
Regardless of pulse width, the 
period of the modulated pulse train 
remains constant. Microprocessor 
control of a digital modulator is 
easily achieved. The microprocessor 
can supply a word to designate the 
pulse width at its output port, and 
the modulator can produce a train 
of pulses having the desired width. 
It is also possible to generate a pulse 
width modulated signal by using 
only software to toggle an output 
port bit at appropriate times. This 
approach has disadvantages, how­
ever. The microprocessor must be 
dedicated because virtually all of its 
time will be consumed in generating 
the control signal, and the speed of 
the microprocessor will limit the 
maximum pulse repetition rate . 
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A microprocessor controlled 
pulse width modulator {PWM) has 
many uses . It can serve as an inex­
pensive digital to analog converter 
(DAC) because the average or de 
value of its output is proportional to 
the pulse width and, therefore, pro­
portional to the value of the control 
word. To operate a PWM as a DAC, it 
is necessary to filter its output at a 
frequency below the pulse repetition 
frequency. Because of its modula­
tio.n method, the DAC will be 
monotonic and will have excellent 
linearity. 

Motor speed control is another 
application. The speed of a series 
wound de motor-the most com­
mon small motor-can be con­
trolled by regulating the applied 
voltage. When operating at low 
speeds with a low applied voltage, 
the motor torque may be less than 
the friction in its bearings, and the 
motor may stall, operate erratically, 
or even refuse to start. If the motor 

is driven by a pulse width modulated 
signal, it will always receive the 
same voltage during the times that 
the pulse is on, so that the starting 
and operating torque will suffice 
even at very low speeds. For ex­
ample, a small motor that stalls 
around 600 r /min when controlled 
by a variable voltage source will 
operate smoothly down to 1 r /min 
or less when controlled by a digital 
PWM. This application does not re­
quire a low pass filter because the 
inertia of the motor smooths out the 
effect of the pulses. 

Another advantage of PWM con­
trol is that power drivers will 
operate in the on-off mode with 
transistors either fully saturated or 
fully off, minimizing power dissipa­
tion in the driver. PWM control of 
other electromechanical trans­
ducers, such as loudspeakers and 
ultrasonic transmitters, realizes 
many of these same advantages. 

(continued on page 140) 
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GET A CLEAR HONEST IMAGE THE HITACHI WAY! 
Computer data and graphic 

displays never looked better, 
brighter, sharper. 

New Hitachi high resolution 
in-line RGB color monitors utilize 
wide video bandwidth and a 
0.31 mm spacing between triad 
pairs. The result? A trio-dot 
density twice that of conventional 
monitors! 
Look at these advanced features 

Adjustment-free convergence, 
single PCB configuration , video 
amplifier bandwidth from 50 Hz 
to 25 MHz. Flexible frequencies 
range from 15 to 18 KHz horizontal 
and 50 to 60 Hz vertical. Monitors 

provide high contrast and bright­
ness from black matrix and 85% 
light transmission tubes. Can any 
other maker match these 
advantages? 
Variety of Screens 

You can select from a wide 

choice of screens to meet your 
specific application needs: Normal 
phosphor; long persistence 
phosphor to virtually eliminate 
flickering , or medium resolution 
versions for most ambient 
light situations. 
Unsurpassed performance 

Long time convergence stability 
is assured due to self convergent 
in-line guns and single PCB 
reliability. Operator controls 
include power on/off, degauss, 
brightness, contrast. 

Call or write for more 
information. 

@Hitachi America, Ltd. 100 California Street, San Francisco, Calif. 94111 Tel : (415) 981-7871 

Crown Electronics, Tualatin , OR (503) 638-7561 ; Quadrep, Inc., San Jose, CA (408) 946-4000; Bestronics, Inc. , Culver City, CA (213) 8 70-9 191 , 
Irv ine, CA (714) 979-9910, San Diego, CA (714) 452-5500; Comstrand, Inc., M inneapolis , MN (612) 788-9234; Sumer, Inc. , Rolling Meadows, IL 
(312) 991-8500, Brookfield , WI (414) 784-6641 ; Bear Marketing, Richfield , OH (216) 659-3131 ; Robert Electronic Sales, Pasadena, MD (301) 
255-7204, Lansdale, PA (215) 855-3962, Richmond , VA (804) 276-3979; Technology Sales, Inc., Lexington, MA (617) 862-1306. 
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Two Design Approaches 
A digital PWM can be implemented 
in many different ways. The two 
possible implementations described 
here represent two completely dif­
ferent approaches to the problem 
and have the advantage of requiring 
a minimum number of components . 
In Fig 1, two LS161 counter in­
tegrated circuits (ICs) form a free 
running divide-by-256 counter 
whose output is constantly com­
pared with the microprocessor out­
put port value using the two cas­
caded LS85 comparators. As long as 
the counter output is less than the 
control word at the output port, the 
A > B comparator output stays 
high . When both inputs to the com­
parator are equal, the A> B ouiput 
goes low, to zero, and remains low 
until the counter overflows. Then, 
A > B returns high and the process 
is repeated. 

The period of the output 
waveform is 

Tout = 256 Tctk 

and the pulse width is 

W = C Tctk 

where C is the control word value. 
With a zero control word, this cir­
cuit supplies a zero output level, and 
the device that it drives will remain 
fully off. However, with the maxi­
mum 255 control word value , the 
output will not remain fully on; in­
stead, it will drop low every 255 
clock pulses and remain low for one 
clock period. This is not harmful in 
most applications . 

The circuit in Fig 1 is easily ex­
panded to use larger control words 
by cascading additional com­
parators and counters. If multiple 
output channels are required, addi­
tional sets of comparators can be 
added, and the same counter can 
feed the comparators on all chan­
nels . In a multichannel digital PWM 

using this approach, the total 
number of ICs required is one more 
than the number of channels 
multiplied by one-fourth of the ac­
curacy in bits . 

Preloadable up/ down counters 
can implement a PWM as shown in 
Fig 2. The counter chain decrements 
the preloaded control word value 
and, when it reaches zero, generates 
a borrow. The JK flipflop connected 
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PULSE WIDTH MODULATOR OUTPUT 

5 Vdc 

D1 

D6 LS85 LS161 
CLR l 

Ds LD g 

D4 
p 7 

CONTROL A< BA = BA > B 
CLK 

WORD 2 3 4 10 
(FROM 

MICRO-
PROCESSOR 

OUTPUT 15 
PORT) TC 

D3 

D2 CLR l 

D1 
LS85 LS 161 

LD g 

Do p 7 

CLK 

10 

CLOCK------------_._ _ ___J 

Fig 1 PWM using free running counters and comparators . 
Compara t or output w ill be high as long as control word at 
m ic roprocessor output port exceeds out put of free running 
d iv ide-by -2 56 cou nte r, otherw ise low . Add itional com­
ponents inc rease accuracy and allow multiple channel 
operation 

CONTROL WORD (FROM MICROPROCESS9R OUTPUT PORT) 

LOAD U/D LOAD 

74LS1 69 74LS1 69 

CARRY I CARRY I 
15 

BORROW BORROW 
CLK 

-=- -=-
CLOCK 

Fig 2 PWM using up/down counters . Preloaded counter decrements 
to ze ro and toggles flipflop . It next inc rements to overflow and aga in 
t oggles fl ipflop. Increased accura cy is easi ly ach ieved ; however, 
multiple channel operat ion requ ires full ci rcuit for each channel 
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Meet the Tiger with 
a bigger bite. 

Introducing the remarkable 132-column 
Paper Tiger™ 560. The first full-width matrix 
printer to give you fully formed characters 
for a low $1695. * 

The new 560 features a staggered nine­
wire ballistic type print head that overlaps 
dots in both horizontal and vertical planes. 
It bi-directionally prints up to 150 dense, text 
quality characters per second. 

The 560 also features a reliable cartridge 
ribbon that lasts up to four times as long 

presents a breakthrough in matrix printin~ 

lering the user excellent print quality wit 
ce of a matrix printer . Employing a. uniq 
red column" head manufactured by Integr 

creates high quality printouts by overla 

Paper Tiger 560 Print Sample 

as spool and cassette ribbons, separate 
heavy-duty stepper motors to drive the print 
head and advance the paper, plus true 
tractor feed. 

And famous Paper Tiger performance 
comes with every new 560. Like fixed or 
proportionately spaced text, programmable 
tabbing and business forms control, auto­
matic text justification, print formats to 220 

columns, parallel and serial interfaces, self­
diagnostics, and more. All inside the most 
compact printer of its kind. 

Need more stripes? Dotplof" our high­
resol u ti on raster graphics package, is stan­
dard on every 560. 

For data processing, word processing 
and small business applications, this is your 
Tiger. The business-sized Paper Tiger™ 560. 

It's a Tiger you can count on. 
Call TOLL FREE 800-258-1386 (In New 

Hampshire, Alaska and Hawaii, call 
603-673-9100.) Or write: Integral Data 
Systems, Inc., Milford, NH 03055. 

*Suggested single-unit U.S . price. Very generous OEM discounts available. 
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as a data controlled toggle is set, 
and, at the same time, the counter is 
again preloaded with the control 
word. Because its up/down control 
input is connected to the JK flipflop 
output (which just changed state), 
the counter now increments the con­
trol word value and eventually 
generates a carry. The carry again 
toggles the JK flipflop to repeat the 
cycle. 

The addition of counter ICs ex­
pands this circuit to offer higher ac­
curacy. When multiple channels are 
desired, however, the circuit must 
be replicated in its entirety for each 
channel. Thus, the number of ICs re­
quired in the general case · is the 
number of channels multiplied by 
the sum of one-fourth the accuracy, 
in bits, and two-thirds. This number 
must be rounded to the nearest 
higher integer and cannot be less 
than three. 

Spectral Analysis 
Proper use of a PWM requires an 
understanding of the frequency do­
main characteristics of a pulse width 
modulated signal. For a given pulse 
width, the signal spectrum can be 
found by performing a Fourier 
transformation on one period of the 
modulator output. However, the 
graphical approach used here is 
faster and allows a feel for the spec­
tral behavior to develop. The spec­
trum is, of course, a line spectrum 
with nonzero energy only at fre­
quencies that are integer multiples 
of the fundamental frequency /o 
= 1 /T, where T is the period of the 
output waveform (Fig 3). 

Amplitudes of the individual har­
monics can be determined by noting 
that, regardless of the pulse width, 
the spectral envelope will be the rec­
tified sine function (sine X divided 
by X) shown in Fig 4. Thus, the 
spectrum of the PWM output can be 
viewed as a sequence of spectral im­
pulses, each with amplitude 1, 
multiplied by a rectified sine wave 
that has been scaled appropriately. 

The main lobe of the sine func­
tion widens as the width of the 
modulated signal decreases. At the 
same time, its amplitude is reduced, 
which is to be expected because the 
peak of the main lobe is the average 
or de value of the time domain 
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signal. The final spectrum would 
look the same if the sine function 
changed only in amplitude and the 
fundamental frequency of the line 
spectrum changed for each pulse 
width. The latter cannot occur 
because, by definition, the period of 
the modulated waveform remains 
constant; however, the fundamental 
frequency can be used to calculate 
the spectrum graphically in two 
stages. 

NORMALIZED 
AMPLITUDE 
LO 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

03 

0.2 

0.1 

.. 
Fig 3 Modulator output 
in time and frequency 
domains. Line spectrum 
has nonzero energy only 
at integer multiples of fun -
damental frequency . 
Fourier transform can give 
amplitude of harmonics, 
but graphical approach is 
faster and offers more in-
sight 

... , 

First, determine the amplitude of 
the de component in the spectrum, 
the average value of the time do­
main signal: 

vdc = (W Vp) /T 

This scales the amplitude of the sine 
wave envelope. Next, find the ration 
k =WIT. Then, using Fig 4, draw a 
vertical line at the X-coordinate 
point that has value k. The height of 

(continued on page 144) 

0.1 0.2 03 0.4 0.5 0.6 o. 7 0.8 0.9 1.0 

Fig 4 Spectral envelope. Visualizing spectral impulses as having unit ampl itude and 
multiplying these impulses by scaled, rectified sine function shown here gives true spec­
trum of PWM output 
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FAIRCHILD 

A Schlumberger Company 

You like what you've heard 
about the FAST family of 
Advanced TTL Logic, but you 
want to know more, right? 
That's easy. Just sign up. 

Announcing the new, 
exQanded FAST Technology 
Seminar. ApQlications, com­
Qarisons, reliability, delive[Y, 
ordering information -eve[Y­
thing you need to know, at no 
cost, from the QeoQle who 
know it best- the Fairchild 
FAST Marketing_8pQlication 
Team. 

You get a FAST data book, 
a workbook containing all of 
the materials presented in the 
seminar, samples and avail­
ability information. 

And you get all the latest 
input on the technology that's 
delivering up to 40% more 
speed than Schottky, with a 
reduction in power of up to 
75%! And up to 75% more 
speed than low-power Schottky. 

The Fairchild FAST ApQli­
cation Seminar. Just check 
the listing for the city and date 
most convenient for you, fill out 
the coupon and mail it in. We'll 
send you a confir­
mation with the 
seminar location, 
and a seating 
guarantee. 
FAST. 

Where and when. 
Feb. 4, 1981-
Santa Clara, CA ( 408) 987-9530 
Feb. 5. 1981 -
Seattle, WA (503) 641-7871 
Feb. 6, 1981-
Portland, OR (503) 641-7871 
Feb. 9, 1981 -
San Fernando Valley, CA (213) 990-9800 
Feb. 10, 1981 -
Los Angeles, CA (213) 990-9800 
Feb.11 , 1981-
Anaheim, CA (714) 557-7350 
Feb. 12, 1981-
lrvine, CA (714) 557-7350 
Feb.13, 1981-
San Diego, CA (714) 557-7350 
Feb. 16, 1981 -
Phoenix, AZ (602) 864-1000 
Feb. 17, 1981-
Salt Lake City, UT (801) 566-3691 
Feb. 18, 1981-
Denver, CO (303) 794-8381 
Feb. 19, 1981-
Minneapolis, MN (612) 835-3322 
Feb. 20, 1981 -
Chicago, IL (312) 640-1000 
Feb. 23, 1981 -
Dallas, TX (214) 234-3391 
Feb. 25, 1981 -
Houston, TX (713) 771-3547 

Feb. 26, 1981 -
Huntsville, AL (205) 837-8960 
Feb. 27, 1981-
Atlanta, GA (205) 837 -8960 
March 2, 1981-
Detroit, Ml (313) 478-7400 
March 3, 1981-
Cleveland, OH (216) 587-3600 
(Pioneer Electronics) 
March 4, 1981-
Dayton, OH (513) 236-9900 
(Pioneer Electronics) 
March 5, 1981-
lndianapolis, IN (317) 849-5412 
March 6, 1981-
Tulsa, OK (214) 234-3391 
March 9, 1981-
Boston, MA (617) 237-3400 
March 10, 1981-
Stamford, CT (516) 293-2900 
March 11 , 1981-
New York, NY Area (516) 293-2900 
March 12, 1981 -
Philadelphia, PA (215) 657-2711 
March 13, 1981 -
Baltimore, MD (301) 730-1510 
March 16, 1981 -
Orlando, FL (305) 834-7000 
March 17, 1981 -
Fort Lauderdale, FL (305) 771-0320 

r-------------------1 
1 And how: 
I 
I 
I 
I 

Fill out and mail FAST to guarantee your reservation . Or call 
the local number in your area. 

Title _______ Phone ( 

Company ______________ _ 

Address ______________ _ 

I City _______________ _ 

State _________ Zip _____ _ 

Seminar Location ___________ _ 

Mail to: Fairchild FAST Seminar 
P.O. Box 7880LSI 
Mountain View, CA 94042 . 

______________ J 

FAST made easy. 
143 



the intersection of the vertical line 
with the sine envelope gives the nor­
malized value of the fundamental. 
This value multiplied by V de' found 
earlier, gives the actual amplitude of 
the fl.lndamental. Repeating this 
procedure at X-axis values that are 
integral multiples of k yields cor­
responding values for the har­
monics. 

For example, consider a square 
wave that goes from zero to V V. 
Such a square wave can be vieweR as 
a pulse width modulated signal with 
period T = 2W. The ratio k, in this 
case, is W /2W = 0.5 and V de 
= WVp/2W = Vp/2, as it is ex­
pected. From Fig 4, the amplitude 
of the fundamental is 0.65 VP' and 
the amplitude of the second har­
monic (and that of every other even 
numbered harmonic) is zero, again, 
as expected from a square wave. 

Applications 

When a digital PWM is used as a 
DAC, its output must be filtered to 
remove the fundamental and the 
harmonics, because information in 

the modulated signal is contained in 
its de value variations. To do this, a 
low pass filter is required. Practical 
filters, however , are imperfect and 
have finite roll-off; therefore, after 
filtering, residual noise on the signal 
can be calculated by using the spec­
tral representation . The maximum 
bandwidth of the output cannot ex­
ceed the fundamental frequency; 
with practical filters , it will be con­
siderably lower. 

When a digital PWM controls the 
speed of a motor, it is important to 
have a fundamental frequency that 
is sufficiently higher than the 
mechanical resonant frequency of 
the motor so that the motor acts as a 
mechanical low pass filter . On the 
other hand, if the fundamental fre­
quency is too high, the electrical in­
ductance of the motor will filter out 
all of the harmonics. Then, the time 
domain signal seen by the motor will 
have de characteristics, and the ad­
vantages of using a modulated 
signal during start-up and low speed 
operation will be lost. 

Finally, high accuracy and high 
bandwidth in a digital PWM demand 

OFF~THE-SHELF DELIVERY 

Specialized Products Tool Kits 
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If you 're tired of waiting up to weeks for delivery on tool kits 
that your field engineers need now - we can solve your 
problems. Specialized Products Company offers one of the 
most complete lines of tool kits and cases in the industry, 
with over 15 different models to choose from, and we deliver! 
On any of our cataloged kits or cases we can ship your 
order, from stock, within 48 hours - that is our promise. For 
the complete story on our products and how they can be of 
use to you , write or phone for our 1980 catalog ; 

SPECIALIZED ~~ PRODUCTS CD 

2324 Shorecrest Dr. ~ Dallas , Texas 75235 

Call Toll Free 
National 800-527-5018 Texas 800-442-3034 Local 214-358-4663 
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a very high clock frequency. For ex­
ample, with an 8-bit modulator run­
ning at 20 MHz, the fundamental 
will lie around 80 kHz. For 12-bit 
accuracy, the fundamental drops to 
only 5 kHz. Therefore, although 
very high resolution DACs are easy 
to build using digital PWMs, their 
bandwidth is quite limited. 
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There's lots of good reasons to buy 
your ADD-ON/ADD-IN memory 
from the leader. 

For starters, there's the wide range of 
core and semi mini-memories we offer. 
The industry's widest. In fact, Dataram 
is the only company in the world 
supplying minicomputer-compatible 
core and semiconductor main memory 
and disk emulation systems. The only 
company. 

CORE 

DEC® 

DATA GENE~AL 

INTERDATA 

VARIAN 

JN TEL 

PDP®-11 /70-compatible 
2.0MB ADD-ON 

And Dataram ADD-ON / ADD-IN 
products do more. Like save 

Want more reasons? If you're using a 
minicomputer, and want to get more 
for your memory dollar, talk to us. 
We're very reason-able. Dataram. 
DEC and PDP are registered trademarks of 
Digital Equipment Corporation. 

money ... as well as valuable space in 
your minicomputer. And they increase 
throughput and improve overall 
performance. 

Just some of the reasons why Dataram 
is the leading supplier of lamli!MU-~I ADD-ON / ADD-IN memory for the 
minicomputer industry ... and shipping 
at an annual rate of $25 million. Princeton Road 

Cranbury, New Jersey 08512 

SEMI 

Tel: 609-799-0071 TWX: 510-685-2542 
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HOW FAST DO YOU 
WANT TO HIT THE STREET 

WITH YOUR 
MICRO SYSTEM? 

During these last two 
years, thousands of companies have 
gone into business with the sole 
purpose of developing micro­
based products. 

And in an environment 
as explosive as that, you are 
either very quick. Or very dead. 

So, although building your mi­
cro-based system from scratch could be a 
glorious experience, we would advise you 
to buy one of our single board computers. 
Or even better, our prepackaged systems. 

If you call your local Data General in­
dustrial electronics stocking distributor* to 
order your development system this morn­
ing, you'll be able to start working on your 
software this afternoon. 

And while your competition is pound­
ing out assembly code, you'll be working 
with big computer languages. An MP/ 
FORTRAN with multi-tasking. An MP/ 
PASCAL that executes at assembly lan­
guage speeds. An MP/BASIC that lets 
you write enormously complex programs 
that take up very little space. And MP/OS. 
A micro sub-set of AOS, the operating 
system anyone who knows operating systems 

will tell you is the 
most sophisticated in the world. 

With system tools as powerful as these, 
you could be out selling your micro-based 
product while other guys are still trying to 
figure out how to use the wimpy tools that 
the semiconductor companies are offering. 

And as you get bigger, and get into 
bigger systems, everything you've done will 
grow right along with you. Because Data 
General micros are compatible with every 
other Data General computer. 

If you are still unconvinced, let us tell 
you a story. 

A certain system house we know as­
signed two teams the same micro project us­
ing two different computer companies. The 
team using Data General finished in four 
months. The team not using Data General 
took nearly seven months. 

Would you care to guess whose 
micros they are using now? 

t., Data General 
We take care of our own. 

*SCHWEBER, HALL-MARK, KIERULLF, ALMAC/STROUM , R AE. in Canada. 
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When digital and analog worlds meet the rela­
tionship between state and timing analysis 
becomes critical. Today PhiJips brings you one in­
strument that both locates and analyzes digital 
faults. Instantaneous changeover from state to tim­
ing analysis shows instant comparison of software 
commands and hardware results. 

If you' re active in design, development, pro­
duction, maintenance and service of digital systems 
and equipment, you'll thank Philips for bringing you 
the best of both worlds. 

The PM3500 100MHz 16 Channel Logic Analyzer 
• 505 x 16 bits memory format 
• Spots 3ns glitches 
• Choose binary, hex, octal, mapping or timing 

display modes 
• Handles all logic families 
•Offers compare mode facilities 
• Tiny and inexpensive input probes can be 

grouped or used separately-even several feet 
apart 

• Comprehensive automatic diagnostic routines 

For nationwide sales and service information call 800-631-7172, except in Hawaii, Alaska and New Jersey. In New Jersey 
call collect (201) 529-3800, or contact Philips Test & Measuring Instruments, Inc., 85 McKee Drive, Mahwah, NJ 07430 

~ Test & Measuring 
~ Instruments 
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TECH BRIEFS I 

Improved Reader for Magnetically Encoded ID Cards 

Hybrid circuitry accommodates variations in insertion speed, yet is 
simpler than an all digital version 

A hybrid demodulator in an elec­
tronic card reader for magnetically 
encoded identification cards is 
simpler and less expensive than 
equivalent all digital circuits. In the 
reader, used to control access to test 
facilities at the Jet Propulsion 
Laboratory (JPL), a pickup senses 
the magnetic variations on the card 
stripe and generates a phase en­
coded digital signal. The card used 
at JPL is an identification (ID) card 
the size of a typical credit card. 

Rate at which the user inserts the 
card defines the period of the clock 
that synchronizes the phase encoded 
data. Although the insertion speed 
(by hand) can vary by a factor of 20, 
the demodulator is able to extract 
the data from the coded signal, 
allowing the reader to compare the 
pattern with a preset recognition 

code. If a match is found, the reader 
unlocks a door or performs some 
other positive action for the user. 

The identification code is re­
corded on the card in binary diphase 
form [Fig l(a)]. A data 0 is recorded 
as a signal level transition at the 
midpoint of the clock period; and a 
data 1 is recorded as one transition 
at one-quarter of the clock period 
and another at one-half the clock 
period. The clock period is defined 
as twice the width of a 0 bit and 
depends on the speed at which the 
card stripe passes through the 
magnetic pickup. [Another way of 
looking at this code is that a string 
of Os is recorded at the clock fre­
quency (f), and a string of ls is 
recorded at twice the clock fre­
quency (2f).] This form of modula­
tion is standard in the industry, and 
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TRANSITION 
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is of the same form as used by the 
credit card industry, digital record­
ing for storage on disc or tape. 

In the demodulator, shown in 
Fig 2, the diphase signal from the 
pickup is fed to a level converter, 
which changes the pickup pulses to 
levels compatible with transistor­
transistor logic (TTL) circuitry. A 
transition detector monitors these 
diphase signals and detects logic 
level changes. Whenever a transition 
in either direction occurs, the transi- . 
tion detector produces a 6-µ,s pulse 
[Fig 1 (b)]. 

An autocorrelation method is 
now used, which stores the time 
period of the previous bit and uses it 
to compare the time period of the 
following bit. It is implemented as 
follows: A clock and data converter 
separates the clock pulses from the 

RAMP 
GENERATOR 

SAMPLE 
ANO HOLD 

.----~ AMPLIFIER 

CLOCK 
CLOCK PULSE 
PULSE A 
B 

CLOCK MID PHASE 
ANO DATA SAMPLING 

CONVERTER ------t CIRCUIT 

Fig 1 Diphase code (a) is used in magnetic key 
card reader . Transition detector in reader pro­
duces stream of clock and data pulses (b) from 
the coded information. Peak voltage of ramp 
waveform (c) is proportional to clock period and 
is used in demodulating coded signal. At least 
1 0 reference clock pulses are stored in front of 
data on card stripe 

OECoorn {~~::E A 
PULSES-----' 

DC VOLTAGE 
PROPORTIONAL 

TO CLOCK 
PERIOD 
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Fig 2 Demodulator portion of card reader separates 
data signals from c lock signals . Ramp generator , 
sample and hold amplifier , and midphase sampling 
circuit - all of which are analog circuits - identify 
midpoints of variable length clock periods so data 
can be extracted 
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data pulses. It includes a syn­
chronous generator that produces a 
6-µ,s pulse (A) immediately followed 
by another · 6-µs pulse (B) that 
signals the start of a clock period. 

Pulse B triggers a ramp generator 
[Fig 1 (c)] that applies a linearly ris­
ing output to a sample and hold 
amplifier. When the next pulse A is 
applied to this amplifier, the 
amplifier stores the terminal value 
of the ramp voltage, which ranges 
from 0.5 to 10 V, depending on the 
length of the clock period. 

A midphase sampling circuit com­
pares the stored voltage from the 
previous cycle and the voltage ramp 
of the present cycle to determine the 
midpoint of the current data period. 
The circuit then sends a sampling 
pulse to the clock and data con­
verter so that it can check its input 
to determine whether a data pulse 
arrives within the ramp cycle. If 
such a pulse is received, it is re­
corded as a data 1; if no pulse is re­
ceived, a 0 is recorded. 
Possible variations in the clock 
period from one ramp cycle to the 
next are accounted for by generating 
a midphase sampling pulse of longer 
than the 500/o midpoint window. Up 
to 750/o of the ramp cycle can be ex­
amined for the presence of a data 
pulse. This information is then 
transmitted to the pattern decoder. 
On separate lines, the clock and 
data converter also transmits pulse 
A and pulse B information to the 
decoder. 

Note 
This work was done by Ta Tzu Wu 
of Caltech for NASA's Jet Propul­
sion Laboratory. Title to this inven­
tion has been waived under the pro­
visions of the National Aeronautics 
and Space Act [42 U .S.C. 2457 (f)], 
to the California Insititute of 
Technology, Pasadena, CA 91109. 

This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United States Government nor any per­
son acting on behalf of the United States 
Government assumes any liability 
resulting from the use of the informa­
tion contained in this document, or war­
rants that such use will be free from 
privately owned rights. D 

Variable Clock Rate ADC 
tircuit uses different rates to optimize performance 
in both searching and tracking 

TRUTH TABLE 
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An analog to digital converter 
(ADC) operates at two different rates 
so that low amplitude noise is re­
duced without the loss of transient 
response. A slow clock rate is used 
while the converter is tracking a 
signal, and a fast clock rate is used 
when the converter is searching for a 
signal. During tracking, when sen­
sitivity is important, the slow clock 
reduces noise. In the search mode, 
when the signal may be changing 
rapidly, the fast clock ensures rapid 
response. 

In previous ADCs for low fre­
quency instrumentation, noise was 
reduced by adding a low pass analog 
filter or by permanently reducing 
the clock rate. However, these 
methods made the converter too 
slow. 

In the new ADC (see figure), an 
up/down counter is forced to equal 
the analog input and then to track 
it. The slew rate, or bandwidth, of 
the converter is a function of the 
clock rate. 

Transitions at the output of an 
analog comparator are sensed by an 
edge detector. Transitions at the 
clock rate signify that the converter 
is tracking, while an absence of 

CLOCK 

4-BIT 
BINARY ADDER 

OSCILLATOR 
PROGRAMMABLE 

DIVIDER 

DIGITAL 
OUTPUT 

trans1t10ns signifies searching. 
When the converter is tracking, a 
4-bit binary adder is constantly be­
ing reset, causing the converter to be 
clocked by a programmable divider 
at f/65,536, where f is the oscillator 
frequency. If four successive clock 
pulses occur without an up/down 
transition being detected, the con­
verter clock changes to f/8192, or 
eight times the tracking rate. Of 
course, many other clock rates and 
track/search rate ratios are possible, 
and the transitions from track to 
search can be made at absent transi­
tion sums other than four. 

Note 
This work was done by Phillip C. 
Lipoma of Lockheed Electronics 
Co, Inc, for Johnson Space Center. 

This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United States Government nor any per­
son acting on behalf of the United States 
Government assumes any liability 
resulting from the use of the informa­
tion contained in this document, or war­
rants that such use will be free from 
privately owned rights. D 
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OUR STREAMERS VS. THEIRS. 

Remember all the hoopla? 
Quarter inch streamer tapes were 

heralded as the long,awaited answer 
to Winchester backup. 

Trouble is, they turned out to be 
longer,awaited than anybody anticipated. 

OEM's have yet to receive a single 
shipment of prcxluction streamer tape 
units from the early suppliers who made 
all the fuss. 

Now that the commotion has died 
down, Archive quietly introduces its 
streamers and claims technological leader, 
ship in the field. 

And if it seems you've heard that song 
before, consider that we've already made 
deliveries of Sidewinder basic & intelli, 
gent 1A" streaming cartridge tape drives. 

Designed specifically for Winchester 
backup, the Sidewinder offers 30 or 90 
IPS tape speed, 10 or 20 Mbytes of for, 
matted storage in either basic or easily 
integrated intelligent units. 

Call us today and learn how to get 
your Winchester project back on target. 

Archive Corporation, 3540 Cadillac 
Avenue, Costa Mesa, California 92626, 
(714) 641,0279, Telex: 683466. 
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MICRO DATA STACK 
COMPUTERS, ELEMENTS, AND SYSTEMS 

Programming the 8086-
Part 2: Addressing Modes 

Stanley Mazor 
Intel Corporation 
1350 Bordeaux Dr, Sunnyvale, CA 94086 

This article, second of a series discussing programming 
techniques for the 8086 microprocessor, builds on the ex­
planation of register instructions presented in Part 1 , and 
concentrates on the addressing modes available to the 
assembly language programmer. The conclL1sion, to be 
published in February, will cover procedures and parameter 
passing . 

An 8086 microcomputer system can have up to lM 
bytes of memory , and each byte is individually ad­
dressable via the 20 address lines. Memory is partitioned 
into segments ; at any instant as many as four different 
segments can be accessed . These segments , the code 
segment (CS) , stack segment (SS) , data segment (DS) , 
and extra segment (ES) , are located when the program­
mer loads the segment registers with the segment starting 
address . (See Fig 1.) Various methods of addressing a 
byte of data in the current data segment can be analyzed 
by examining the addressing modes designated by the in­
struction format . 

EIGHT 
16-BIT 

DATA 
REGISTERS 

AX: 

BX: 

CX: 

DX 

EIGHT 8-BIT 
0 7 0 GENERAL REGISTERS 

AH AL 

BH BL 

CH CL 

DH DL 

15 0 

m 
IP 

ACCUMULATOR 

BASE 

COUNT 

DATA 

POINTER AND 
INDEX REGISTERS 

STACK POINTER 

BASE POINTER 

SOURCE INDEX 

DESTI NATION INDEX 

INSTRUCTION POINTER 

STATUS FLAGS 

SEGMENT REGISTERS 

CODE SEGMENT 

DATA SEGMENT 

STACK SEGMENT 

EXTRA SEGMENT 

Register to register instruction format was discussed in 
Part 1 (Computer Design , Dec 1980, pp 130-136) . A 
typical layout of the instruction (Fig 2) shows that the REG 

and R/ M fields each designate 1 of 8 registers . The W bit 
selects byte mode or word mode . When data are to be 
accessed from the data segment of memory, the MOD and 
R/ M fields have 24 combinations to specify memory ad­
dressing mode ; these combinations are depicted in the 
shaded portion of the figure . 

(continued on page 152) 

MOD REG R/M 

OPCODE 

REGISTER MODE 

MOD SELECTED R/ M BYTE WORD MEMORY MODE 
MODE (W = 0) (W =I) 

REGISTER MODE 000 Al AX 

001 CL ex 
010 Dl DX 

011 BL BX 

100 AH SP 

101 CH BP 

110 DH SI 

111 BH DI 

Fig 2 Register to regist er addressing . M OD field 
designates regist er m ode, and R/M and REG field 
des ignate one of eight registers 

JM-BYTE MEMORY 

Fig 1 Segment registers ad ­
dress m emory. Four segment 
r e g is t e rs augm e nt general 
registers desc ribed in Part 1 . 
Ea ch receives starting address of 
one m emory segment , allowing 
program to access data in any of 
four segm ents 
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Direct Addressing Mode 

In the most common addressing mode, the memory ad­
dress is contained within the instruction. For the 8086, this 
address is 16 bits (2 bytes) and permits addressing of any 
byte in the current 64k-byte data segment. The symbolic 
instruction for moving one byte of data in the AL register 
to a variable in memory (symbolically called BETA) and 
the assembler generated machine code are illustrated in 
Fig 3 . This instruction occupies 4 bytes of storage and 
contains the 16-bit address of BETA. Note that the five ad­
dressing mode bits are set 

MOD= 00 
R/ M = 110 

for direct addressing . The W bit is set to 0 because AL 
register is a byte register, and the direction bit (D = 0) in­
dicates that the register is a source of data. If the instruc­
tion had used BET A as the source , ie, 

MOV AL, BETA 

then the D bit would have been set to 1. For word 
variables, the address in the instruction designates the 
low order byte of data; the processor uses that byte as 
well as the next data byte in memory . 

Variable Declarations 

The 8086 assembler provides declarations for allocating a 
byte or a word of memory space for variables, and 
remembers the variable type when generating machine 
code to set the W bit appropriately . Size of immediate 
constant data is also controlled, on the basis of whether a 
variable is declared as a byte or a word. Examples of 
these declarations 

BETA DB 3 ; constant byte 3 

WAREA DW 0 ; constant word 0 
TEMP DB ? ; uninitialized byte 
v DB 50 DUP (0) ; array of 50 zeros 

feature "strong typing ," which simplifies programming 
and reduces the number of symbolic opcodes that other­
wise would have to be established. Other examples using 
these variables in direct address mode are 

MOV BX, WAREA 
INC BETA 
MOV BETA, 10 
ADD WAREA, 50 

; data word to register 

; data byte in memory 

; immediate byte to memory 

; immediate word to memory 

Most 8086 instructions (including shifts) have the full com­
plement of 24 memory addressing modes and can ad­
dress any byte or word in the data segment with a 16-bit 
direct address . Of the 24 combinations of memory ad­
dressing , only one combination , direct addressing , has 
been discussed. All 24 combinations are shown in Fig 4 . 
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31 "'"''/',, /'\ 1 

1000100000000110 I 
l---l--l.--'--'--'--+---+-+--.___,,__.___._-+-_..__-'--t ADDRESS OF : 

OPCODE D W MOD REG R/ M I 

'-_AL 

BYTE MODE USING AL REGI STER 

FROM REGISTER USING AL AS SOURCE 

BETA 

Fig 3 Direct addressing . Instruction moves byte contained 
in AL to data location BET A, whose 1 6 -bit addre$s oc ­
cupies last two bytes of 4 -byte instruction. Direct address ­
ing is exception to general rule that MOD field designates 
number of address 'bytes actually contained in memory 
reference instruction 

MOD 

R/ M 00 01 

000 (BX)+ (SI) (BX) + (SI) + DB 

DOI (BX)+ (DI) (BX) + (DI) + DB 

010 (BP)+ (SI) (BP) + (SI) + DB 

Oil 

100 

IOI 

llD 

Ill 

l=r:r:rl REGISTER TO REGISTER 
.. ..... AND DIRECT ADDRESSING 

~INDIRECT ADDRESSING 

~ INDEXED ADDRESSING 

REGISTER MODE 

ID 11 

DB= SIGNED IMMEDIATE DATA BYTE 
Dl6 =SIGNED IMMEDIATE DATA WORD 

Fig 4 8086 addressing modes. For MOD = 0 , 1, or 2, 
eight possible values of R/M define total of 24 memory ad­
dressing modes . For MOD = 3, R/M and W bit define addi ­
tional 1 6 forms of register to register addressing . Register 
names in parentheses show indirect access . 08 and o 1 6 
are signed 8 - and 1 6 -bit immediate data offsets 

Register Indirect Addressing 

It is sometimes preferable to use a register to point to a 
memory location . Three 8086 registers (SI , DI , and BX) can 
be used as indirect address registers for operating on data 
in memory. When a programmer uses this mode , the 
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Converting Fahrenheit to Celsius 
Using a ROM Table 

Problem 

An 8 -bit value representing a temperature in the 
range of 3 2 to 1 2 2 ° F is a memory location sym­
bolically called FTEMP. It is t o be converted to 
degrees Celsius by use of a table of Fahrenheit 
temperature values stored in read only memory 
(ROM ), starting at a location symbolically called 
CTABLE . Ttie first table entry is the temperature 
value corresponding to 0 °C . Each successive entry 
corresponds to an integral Celsius degree 1, 2 , . .. , 
50 ° C. The converted value is t o be stored at a byte 
location called CTEMP. 

CT ABLE 

CTABLE + 1 

CTABLE + 2 

DB 3 2 ; ENTRY FOR 0 °C , 32 °F 

DB 33 ; ENTRY FOR 1 ° C, 33 ° F 

DB 35 ; ENTRY FOR 2 °C , 35 °F 

CTABLE + 50 DB 122 ; ENTRY FOR 50 °C, 122 °F 

Steps 

( 1) Move FTEMP t o AL register 

(2) Ini t ialize loop counter to 50 

(3 ) Use loop count as index [Si l 

(4) Compare FTEMP w ith CTABLE [SI ] 

(5 ) If FTEMP ~ CTABLE [Si l, go to step 7 

(6 ) Decrement loop count (CX) ; if CX :f:. 0 , go to step 3 

(7 ) Store index (CL) at CTEMP 

Program 

Symbol ic Mnem on ic Symbol ic A dd ress 
Label Opcode Operands ~ 
STP 1: MOV A L, FTEMP ; Direct 

MOV ex. 50 ; Immediate 

STP 3: MOV s1, ex ; Register 

ST P 4 : CMP AL, CTABLE [Sil ; Index direct 

JGE STP 7 ; Relati ve 

LOOP STP 3 ; Rela tive 

STP 7 : MOV CTEMP, CL ; Direct 

solution DCS/80 Multibus® 
A program loop is written t o compare the value of 
FTEMP with each entry of the t able until a corre­
sponding value is found . The position of the corre­
sponding table entry is used directly as the converted 
Celsius temperature . The posit ions of t he entries in 
the table are treated as if they w ere numbered from 0 
to 50 . 

The table is searched , start ing with the last entry 
(CT ABLE + 50), and end ing with the first entry 
(CT ABLE) . FTEMP corresponds to an entry if it is 
greater than or equal to the t able entry values. For ex­
ample, if FTEMP is 34 , it corresponds to the table en­
try for 1 °C at CTABLE + 1 . 

The loop instruction decrements CX by 1, and 
jumps (loops) if CX -:#= 0 . It is convenient, therefore , 
to search from CTABLE + 50 to CTABLE + 1. Step 
1 initializes the ex to 50 , which causes it to loop 50 
times and terminate when CX = 0 . The count is 
used as an index in step 4 , but first must be moved to 
an index register in step 3. Note that CX can be used 
with the loop instruction but cannot be used as an in­
dex register. Step 4 performs the comparison of 
FTEMP (which is loaded into AL in step 1) with the 
current (indexed) entry in the CTABLE . If FTE M P is 
greater than or equal to the value of the CTABLE 
entry , a jump is made to exi t the loop and store the 
result in step 7. When CX is decremented to 0 , the 
loop terminates and this program produces a zero 
result for any FTEMP value less than or equal to the 
first entry in CT ABLE . Also, any FTEMP value greater 
than the last CTABLE value results in t he answer 50 . 

Development/ 
Control 
System 
$3595 
The DCS/80 is a low cost, industrial quality rack-mountable 
Multibus* compat ib le development/control system. This compact 
unit was designed for high re liabi l ity, easy maintenance and 
inc ludes dual 8" f loppy d isks, DCS8010A CPU , 5-sl ot (optiona l 
9-slot) backp lane and power supp ly. A 16k byte system costs $3595. 
Complete systems w ith in-circuit emulation (8080/8085/Z80/6800) 
include DCS/ 80 , PROM programmer , printer and CRT for less 
than $12 ,000. 
MULTIBUS HARDWARE - DCS designs and manufactures a 
comp lete line of Mult ibus compatible boards inc luding the 
DCS801 OA CPU t hat can conta in up to 4k RAM , 16k PROM/ROM, 
48 Bits para ll el 1/0, and 2 seria l 1/0 ports. 
SOFTWARE - The DCS/80 is CP/M** compatible and the 
software ava il able inc ludes Fortran, Pascal, Process Control Basic, 
"C" Programming Language, cross-assemblers and a PL/M* 
compatible compi ler. 
* Mu ltibus, PL/M Trademark of Intel 
**CP/M Trademark of Digital Research 

Distributed Computer Systems 

TOLL FREE 1-800-225-4589 

CIRCLE 79 ON INQUIRY CARD 

223 Crescent Street 
Waltham, Ma. 02154 
617 899-6619 
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BYTES 

INST IR IR IR I 
SINGLE REGISTER 

INST IMIMIRIRIRIMIMIM I 

REGI STER TO REGISTER 

INST IR IR IR I DATA 

IMMEDIATE BYTE TO REGISTER 

INST I R I R I R I Lo~1~tTA I Hb~s~A I 
IMMEDIATE WORD TO REGISTER OR MEMORY (DIRECT ADDRESS) 

I 1NsT jMI M I R I R I R I M I M I M I 6~s~ I D~JP I ~~~ I 
IMMEDIATE BYTE TO MEMORY (DIRECT ADDRESS) 

[ 1NsTlMTMTRTRlRlMlM MJ 6~~] D~P 1 ~~~1 D~iA ] 
IMMEDIATE WORD TO MEMORY (DIRECT ADDRESS) 

(a) 

INSTRUCTION 

PUSH / POP REGISTER 

MOVE 
IMMEDIATE DATA 

TO REGISTER 

ACCUMULATOR 
DIRECT ADDRESS 

MEMORY 

INCREMENT I 
DECREMENT 

REGISTER 

ARITHMETIC: 
IMMEDIATE DATA 

WITH ACCUMULATOR 

BYTES.USING 
GENERAL FORM 

(b) 

B.YTES USING 
SPECIAL FORM BYTES SAVED 

REGIS~~~J~~~~~~ 1 1 0 0 1 1 W MOD 0 0 0 RI M DATA DATA IF W = 1 

IMMEDIATE TO 
REGISTER 1 0 1 1 W REG DATA DATA IF W = 1 

(c) 

Fig 5 Instruction length . In (a), one instruction can have 
six · different lengths ranging from 1 to 6 bytes depending 
on addressing mode . In (b), special form capitalizes on 
unused opcode bits to reduce size of certain commonly 
used combinations of opcode and addressing mode. For ex­
ample, in (c), special form of "move immediate data to 
register (or memory)" instruction saves one byte of pro­
gram storage 

designated register is enclosed in square brackets , as 
follows: MOV AL , [BX], which reads , Move into the AL 

register the data byte in memory at the location ad­
dressed by the contents of the BX register . The instruction 
length for this format is 2 bytes , shorter than that of the 
direct address mode since no address displacement ap­
pears in the instruction stream. In this case, the operand 
can be a source or destination depending on the D bit , as 
previously discussed . 

Indexed Addressing 

When an element of a table or vector of data in memory 
is to be accessed , an index register can be effectively used 
to select the item. In this mode , the base address of the 
array is contained as a direct address in the instruction, 
and the subscript is located in the index register . For ex­
ample, to access the 50th element of vector V , the 
subscript 50 might reside in the SI index register , and the 
instruction would contain the starting address of vector V . 
In writing symbolic assembler programs, the index 
register to be used is written in square brackets as follows: 
MOV AL , V[SI] . Of course, the programmer can change the 
subscript index value in SI dynamically and select dif­
ferent items from the table . There are 4 possible index 
registers, with short and long displacement option; 
double indexing simplifies complex array handling. (See 
Fig 4.) 

Instruction Size 

The number of bytes occupied by the instruction depends 
on the addressing mode used and whether immediate 
data are required . Fig 5 tabulates some of these variations 
in instruction lengths from one to six bytes. 

In addition to these formats , the 8086 has some special 
but redundant forms that reduce the number of bytes re­
quired for frequently used instructions. They include the 
instructions shown in Fig 5(c) , which generally ·result in 
one less byte of program storage per instruction. The pro­
grammer need not remember these, as the assembler 
automatically selects the shortest possible form . 

Summary 

Application programs manipulate data in memory, and 
the programmer allocates memory space for variables us­
ing assembly language declarations. These declarations 
assign symbolic names and associate a data type 
(byte / word) with the variable. In referring to data 
variables in the data segment, the 8086 assembly 
language programmer has many choices of addressing 
modes and index registers; experienced programmers 
appreciate the versatility of double indexing, and novice 
programmers will produce shorter and more efficient 
programs. 
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And, we do mean complete! 
Grinnell systems can include com­
puters, disc drives, terminals and 
software operating systems. Plus a 
FORTRAN software and driver 
package; high resolution TV moni- · 
tor, camera, and hard copy color 
printer. 

There are also other options to 
meet any special requirement you 
might have. 

Of course, you may already have 
some of the necessary hardware. 

That's why Grinnell systems work 
with standard TV monitors and 
cameras, and why plug-compatible 
interfaces are available for most 
minicomputers. 

We also give you a complete 
product line to choose from: 

GMR 270 Series: 512 x 512 reso­
lution frame buffers and full color 
pipeline image processing systems. 

GMR 260 Series: 1024 x 1024 
resolution frame buffers for grey 

scale, black and white, pseudo 
color and full color. 

GMR 27 Series: High speed, 
modular graphic and image display 
systems. 

GMR 37 Series: Low cost graphic 
display systems. 

So, whether you want to analyze 
images from outer space or monitor 
a process in a plant, Grinnell has 
a complete system that can do it. 
For complete specifications and/ or 
a quotation, call or write today. 

GRINNELL SYSTEMS 
2159 Bering Drive, San Jose, California 95131(408)263-9920, TWX (910) 338-2145 
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Cipher Data Products is the leading independent 
manufacturer of tape drives. That means we can give you 
more combinations of size, speed, capability and cost for 
meeting any application you can name. From our low cost 
and versatile streaming drives to our high performance yet 
cost-efficient vacuum column drives. 

Take our exciting 
Microstreamer™fami!y. 

Now you have a choice. You can take our 
famous Microstreamer dual speed streaming tape drive. 
Or you can order our soon-to-be-famous higher capacity 
Microstreamer 2. They both offer the advantages of high 
performance Winchester disk backup combined with effec­
tive input/ output performance. 

The original Microstreamer stores up to 46 mega­
bytes of data on a single 10112" reel of tape. The new 
Microstreamer 2 doubles that capacity to 92 megabytes per 
reel. Whichever you choose, you can back up your Winches­
ter disks in a matter of minutes, with fewer media changes. 

That's exciting, but there's more. 
There may be other announced streamers, but 

when you get a Microstreamer you get more than just 
backup. Take a look at all of these exclusive features: 

D completely automatic tape loading and threading 
D 25 ips speed for normal start/ stop applications 
D choice of 1600 or 1600 / 3200 

selectable recording density 
D automatic diagnostics 
D smaller size 
D lower cost 

Catch the excitement! 
Call us today at (714) 578-9100. Or write for 

our free product brochure-10225 Willow Creek Road, 
San Diego, California 92131. 

• 
rA ~6.· 
~ PXCl6.70§ cn1npnny 
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THE GRAPHIC SYSTEM DESIGNED 
FOR ONE APPLICATION. YOURS! 
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If you need high resolution 
(1280 x 1024) for CAD/CAM ... 
17 million colors and 256 gray 
shades for imaging ... high speed 
line drawing for seismology and 
simulation ... special symbols and 
alphanumerics for process control 
... high speed data transfers for 
command and control ... scrolling 
capability for data logging ... 
and flicker-free viewing ... then 
you've found your system. 

You get all the graphics capabil­
ity you need ... and you don't 
have to buy more than you need ... 

with Genisco's GCT-3000 raster 
graphic display systems. Only 
GCT-3000 has the unique modu­
lar de,sign which lets you expand 
the capabilities of a basic four 
board system with a variety of 
optional modules, devices and 
software. Create low, medium 
or high resolution, monochrome 
or color, highly interactive or 
display only. Add high speed 
graphics manipulation and sim­
plify applications programming 
with Genisco's package of Fortran­
callable subroutines. No matter 
how simple or state-of-the-art 
your system, you'll get the best 

CIRCLE 83 ON INQUIRY CARD 

price/performance character­
istics available. 

And you get all the advan­
tages of raster scan technology. 

Don't settle for a compromise. 
Call or write for a demonstration 
of Genisco's GCT-3000. We'll show 
you the system we've designed 
for you. Genisco Computers. 
3545 Cadillac Ave., Costa Mesa, 
CA 92626. (714) 556-4916. 
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MICRO DATA STACK 
COMPUT ERS, ELEMENTS, AND SYSTEMS 

Microcomputer Development Lab Emulates 
Range of 8- and 16-bit Microprocessors 

8550 development lab offers 
resources for full microcomputer prod­
uct design , software facilities for both 
assembly and high level languages , and 
complete incircuit emulation and hard­
ware testing capabilities 

Realtime emulation for a variety of 8- and 
16-bit microprocessors , and complete 
design , debugging , and integration tools 
are provided by the 8550 microcomputer 
development lab . A single user system , 
the lab is the first in the 8500 modular MDL 
series. This series , available from 
Tektronix , Inc , PO Box 1700 , Beaver­
ton , OR 97099 , provides full compati­
bility between systems in the series , in­
cluding software support , and all of the 
company's multivendor , realtime emula­
tion support packages. 

Major components of the development 
lab are the 8301 microprocessor develop­
ment unit and the 8501 data management 
unit. The development unit contains the 
system software , DOS / 50 operating 
system, 32k bytes of static system 
memory , 32k bytes of static program 
memory (expandable to 64k) , language 
processor , and emulator controller. The 
data management unit handles files and 
auxiliary 1/0 for the operating system and 
manages the movement of user files be­
tween dual -sided , double-density 
(2M-byte capacity) floppy discs and the 
development unit . 

8086/ 88 , 68000 , and 28001 / 2 16-bit 
microprocessors are emulated in 

realtime , with support for the full address 
ranges of each and with use of symbolic 
debugging. The 8086 emulator will sup­
port the 8-MHz 8086-2, 4MHz 8086-4 , and 
5-MHz 8088, and is compatible with the 
8087 and 8089; the 68000 emulator will 
provide debugging support at 8 MHz; 
and the 28000 emulator will support the 
4-MHz 28001 and the 4-MHz 28002. A per­
sonality card and probe adapter are re­
quired to switch chips. 

communication . Program entry and 
editing are provided by a standard line 
oriented editor or an optional advanced 
CRT oriented editor that allows both line 
and screen oriented editing. 

The operating system supervises 
general I/ O ; file creation and 
maintenance ; program assembly , com­
pilation , execution , monitoring , and 
debugging ; P/ ROM programming; and 

Assembler software packages for the 
system include macros , language exten ­
sion , library generator , and linking 
capabilities . Macro capability allows the 
designer to access frequently used sets of 
code by referencing the macro by name . 
Assembly time string manipulation , in­
cluding variable length strings both inside 
and out of macros , enhances code 
management . English language 
(continued on page 160) 
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Basic 8 5 50 microcomputer development lab consists of two major com­
ponents : 8301 microprocessor development unit, and 8501 data 
management unit . Also shown are prototype board, prototype control 
probe, and system terminal 
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diagnostics provide error messages that 
locate the line containing an error. The 
completed and assembled object code is 
stored on disc in a binary format file; com­
monly used object modules may be stored 
in library files. The linker joins and locates 
multiple code segments into a complete, 
executable program. Additionally, the con­
ditional assembler allows the creation of a 
customized final program by testing condi­
tions to determine which code segments are 
assembled into the final program. 

Options available for the system in­
clude Pascal, a realtime prototype 
analyzer (RTPA), 16-bit emulation, 16-bit 
analyzer, P/ ROM programming , com­
munications utilities, and emulator pro­
cessors and prototype control probes for 
selected microprocessors. 

Pascal is now available for 8080/ 8085 
microprocessors ; versions will be 
available for the 8086, Z8000, and 68000 
16-bit microprocessors at later dates . 

A trigger trace analyzer will be available 
as an integration tool for 16-bit 
emulators. This analyzer will use a 
255-word x 62-bit trace buffer , four 
flexible event triggers , numerous break­
point options , and high speed 
( 125-ns/ cycle) storage capability . 

P / ROM programming will support the 
2716/ 32 and 2516/ 32 P/ ROMs and the 8748 
family. The programmer can read data 
from a P / ROM into program or prototype 
memory, burn a P / ROM with data from 
program or prototype memory , or com­
pare P/ ROM contents with memory con­
tents . 

CH I LIN YEARS AHEAD IN 
MEMORY DESIGN 

~i.:-·f 
WE'VE DONE IT AGAIN - State of the Art Multibus® Memory Design. First to offer up to 512K on one board. and CH RI SUN again 
brings pricing sanity to the memory market. Why pay over $2000 for our competitor's 64K x 8 memory board when we will give you the 
Cl-8086 128K x 9 memory for just $1500 or better yet. the Cl-8086 512K x 9 memory module for $4700. 

Up to 512K bytes in a single option slot. Available in 64K. 96K, 1281<. 2561<. . or 512K configurations. On board parity generator 
checker, for both 8 bit or 16 bit systems. Off shelf deliveries. 

Cl-6800-2 - 16KB to 64KB. Plugs directly into 
Motorola's EXORcisor I or II. Hidden refresh up 
to 1. 5 Mu. Cycle stealing at 2 Mhz. 
Addressable in 4K increments with respect to 
VXA or VUA. On board parity. 64K 1 9 $750.00. 

Cl-1103 - 16KB to 256KB on a single dual 
height board. Plus directly into LSI 11 /2, Hl 1 
or LSI 11 /23. Addressable in 2K word 
increments up to 256KB. BK 1 16 $390.00. 32K 
I 16 $750.llO. 128Kx 18 $2880.00. 

Tnted Md humid in Fut! Y•• wwr1nty. 

Cl-5100 - 16KB to 64KB. Transparent hidden 
refresh. No wait states at 4 Mhz. Compatible 
with Alpha Micro and all Major 8080, 8085 and 
Z80 Based S 100 Systems. Expandible to 512K 
bytes thru Bank Selections. 64K 1 8 $750.00. 

Cl-8080 - 16KB to 64KB on a single board. 
Plugs directly into MOS 800 and SBC 80/10. 
Addressable in 4K increments up to 64K. 16KB 
$390.00. 64KB $750.00. 

OON7 ASK WHY WE CHARGE SO LITTLE, ASK WHY THEY CHARGE SO MUCH. 

€ Chrisli~m,!?.~'!!!~!~s, Inc. 
31352 Via Colinas •Westlake Village. CA 91362 • 213-991-2254 

Muhibus is 1 tnnmmmt DI me Intel C:Ori. . LSI 11 is a trademarit of Digital Equipment C:Orp. EXORcisor is a trademark of Motorola 
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Extensive software and hardware com­
munications support is available. The 
system can transmit and receive ASCII and 
binary data to or from a host computer . 
Along with the standard console 1/0 port , 
three RS-232-C compatible ports are 
available for usiz with peripheral devices . 

This single user system will be joined 
within the year by a compatible, multiuser 
system and a host computer system, the 
advanced integration unit. Most options 
will be transportable to these future 
systems. The multiuser system, the 8560, 
will be a complete microcomputer 
development system supporting up to 
eight users and containing an LSI-11/ 23 
CPU with up to 128k words of dynamic 
memory . The 8054 advanced integration 
unit is a self-contained peripheral station 
and will provide hardware/software in­
tegration in conjunction with a host com­
puter , as well as 16-bit emulation for a 
single-user system. It will have a ROM 
based operating system, with software 
that allows direct access to the host com­
puter by making the peripheral 
transparent to the user's CRT. 
Circle 461 on Inquiry Card 

Personal Computer 
Provides Range of 
Features and Capabilities 

A full-featured, expandable, personal 
computer system, the VIC 20, available 
from Commodore Business Machines , 
Inc, 950 Rittenhouse Rd, Norristown, PA 
19403, connects to any television set or 
monitor and provides 5k bytes of 
memory (expandable to 32k bytes). It 
uses the standard 6502 computer on a 
chip, as well as an MOS Technology video 
interface chip . 

The computer offers a full range of 
special features and expansion 
capabilities . Standard features include 
color, full size keyboard, external expan­
sion ports, 22-character by 23-line screen 
display , high resolution graphics , 
graphics character set, joystick/ 
paddles/ lightpen , and external plug-in 
memory and program cartridges. 
Peripherals will include a tape cassette 
unit, single floppy disc drive, printer , and 
add-on accessories to tailor the system to 
a variety of specific applications . 
Circle 462 on Inquiry Card 
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~computer system for analog measurement 
must be-built from the ground up!' 

When analog capability is merely tacked onto a 
laboratory computer system, performance is 
predictably poor. 

So when we designed LAB-DATAX, analog 
measurement was our primary goal. 

As a result, LAB-DATAX is the highest per­
formance microcomputer data acquisition system 
available today. 

LAB-DATAX is designed to preserve signal 
integrity, eliminating noise and ground loops 
through a unique front connection panel . 

Analog problems such as wire paths, ground 
connections, and shielding have been met head-on 
and resolved. 

Throughput is extraordinary thanks to RT-11 
FORTRAN IV software and our own DTLIB­
FORTRAN callable subroutines. 

In fact, the most powerful LAB-DATAX 
achieves continuous data throughput into memory 
at more than 62 times the rate of DEC's MINC-n:M 

Most systems are constrained by their small 
selection of analog and digital 1/0 peripherals. 
They are limited in every way. 

Not so LAB-DATAX. We offer you over 100 
boards in configurations to ensure the performance 
you need. 

Every model of LAB-DATAX includes an LSI 11/2™ CPU with 
64KB RAM memory. A fixed and floating point instruction set. 
A synchronous serial interface. A bootstrap loader. A dual-drive 
double-density Floppy Disk. DTLIB-FORTRAN callable subrou­
tines. And 16 slot dual-height capacity. 

Fred Molinari, President 

SALES OFFICES: AZ 602-994-5400; CA 213-681-5631, 415-965-9394; CO 303-371-2422; FL 305-748-9292, 813-725-2201; GA 404-455-7222; IL 312-960-4054; IN 317-788-4296; 
MA 617-481-3700; MD 301-636-1151; Ml 313-437-0816; MN 612-441-6190; NC 919-723-8102; NJ 609-428-6060; NM 505-292-1212, 505-524-9693; NY 516-488-2100, 607-722-9265; 
OH 513-253-6175, 216-659-3138; OK 405-528-6071; OR 503-297-2581; PA 412-327-8979; TX 512-451-5174, 214-661-0300, 713-780-2511, 512-342-3031, 713-988-9421; UT 801-466-6522; 
WA 206-455-5846; CANADA 416-625-1907 

LSl-11 and Ml NC-11 are trademarks of Digital Equipment Corp. 
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Hardware Modules 
Ease Prototyping and Product 
Integration 

A family of 25 hardware modules based 
on the 6502 CPU supplies microcomputer , 
support , l/O and intelligent controllers, 
and memory functions, and can be con ­
figured into a hardware / software 
development system . Available from 
General Micro Systems, Inc , 1320 Chaf­
fey Ct , Ontario , CA 91762 , these 
modules can be used with Rockwell Inter­
national's System -65, AIM -65 , and 
Motorola 's EXO Rciser development 
systems , or in standalone configuration . 
Design allows modular expansion within 
the board and system level with efficient 
memory and 1/ 0 space allocation. 

Two single-board microcomputer 
modules in the line , GMS6506 and 
GMS6525, provide up to 4k x 8 bits of static 
RAM , 16k x 8 bits of ROM/ EPROM, and 4k 
of RAM , and up to 16k of ROM and EPROM, 
respectively . An RS-232 port with selec­
table baud rate, IEEE 488-1975/78 port with 
GPIB connector, high speed parallel 
printer port , eight 1/ 0 lines , two timers , 
two 8-bit shift registers , provisions for 
OMA applications , and fully buffered data , 
address, and control lines are included on 
the 6506. The 6525 includes an RS-232 port 
with switch selectable baud rates , GPIB 
IEEE 488-1975/78 port , eight l/O lines , two 
timers , two 8 -bit shift registers , and a 
Centronics-compatible 8-bit printer port . 

GMS6508, the static memory module , is 
addressable in 8k x 8 arrays , and pro­
vides 24k x 8 bits of static RAM , 16k x 8 
bits of EPROM/ ROM , a write protect switch 
for each array , and base address and 
enable switch for EPROM/ ROMs . Address 
and data lines are fully buffered . Dynamic 
memory , GMS6505, provides up to 64k of 
dynamic RAM , and is addressable in 4k in­
crements . Included are on board refresh , 
on board parity generator and checker , 
and a write protect switch for each array . 
The P/ ROM-ROM module , GMS6521 , ac­
cepts 2708, 2716, 2758, 2316, and 2332 
P/ ROMs, provides up to 16k x 8 bits of 
RAM , and is addressable in lk x 8 blocks . 
Each P/ ROM-ROM also has an 
enable/ disable switch. Featured in the 
nonvolatile memory , GMS6524 , are up to 
8k x 8 bits of EAROM with an onboard dc­
dc converter, 10-year retention time (up 
powered) , and 10-ns erase time . 

Among the peripheral control 
modules , the GMS6512 video display 
generator uses a character generator ROM 
to produce high resolution (256 x 192) 
alphanumeric and graph ic displays in 
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color . Available in 4k x 8 or 8k x 8 static 
RAM , and in interlaced or non-interlaced 
modes , the module provides an onboard 
modulator and a programmable interrupt 
control on vertical retrace . GMS65 14, the 
GPIB module , provides IEEE 488-1975/78 
functions, as well as talker and listener , 
device clear and trigger , and serial re ­
quest functions . The module also pro­
vides parallel and serial poll , onboard 
GPIB connector , and system controller 
capabilities . Two 5 .25" (13.33-cm) mini ­
floppy drives are controlled by the 
mini -floppy / printer module , GMS6519 
This module features eight l/O lines and 
1- or 2-MHz operation . The 8" (20-cm) 
floppy disc controller module , GMS6509 
controls up to four drives and transfers up 
to 500k bytes/ s ; the module features 
1.18M-byte disc capacity and extensive 
control software. 

Two communications modules are 
available for the line . Model GMS6511 , the 
communication interface adapter , 
features up to four channels of ACIA and 
TTY RS-232 , -422 , -423 , and / or TTY ; selec­
table serial echo mode ; data set/ modem 
control functions ; a wire wrap section for 
custom clock circuitry ; and base address 
and enable / disable switches. Word 
length , number of stop bits , parity 
generation and detection , and interrupt 
control are programmable. GMS6507, the 
advanced communication module , 
available in 1.0 MHz, 1.5 MHz , and 2 .0 
MHz , includes two synchronous serial in ­
terface adapter ports and two advanced 
data link controller ports . Three-state 1/ 0 
buffers , a disable switch for each port , 
and a wirewrap section for custom l/O are 
provided . 

All models have overvoltage and 
reverse polarity protection , emphasize 
noise decoupling , and have large fan o ut 
capabilities. General specifications apply 
to all of the modules in the series. 
Operating temperature is 0 to 50 °C , 
power requirements are 5 V ± 5% and 
± 12 V , and edge connectors are 86 pins 
on 0.156" (0 .396-cm) centers . Typical 
dimensions are 9 .75 x 6 .00 x 0 .60" 
(24. 76 x 15.24 x 1.52 cm) . 

Circ le 463 on Inqui ry Card 

S-1 oo Bus Microcomputer Expands 
From Single- to Multiuser 
Environments 

Decision I is a multitasking IEEE standard 
S-100 bus microcomputer that features a 
UNIX identical operating system that runs 
CP/ M as a subtask. Available from Mor­
row Designs , 5221 Central Ave , Rich ­
mond , CA 94084 , the microcomputer 
will sell for under $5000 in a 4 -user con ­
figuration . 

The UNIX operating system (function­
ally compatible with Bell Laboratories' 
UNIX) supports UNIX system calls in a man ­
ner that is source compatible with UNIX ; 
UNIX programs compile directly , and UNIX 
documentation is almost totally ap ­
plicable . CP/ M runs as a task under UNIX 
and communicates with both CP/ M and 
UNIX standard media for maximum porta­
bility . 

The CPU features a 4- to 6 -MHz Z80, 
sophisticated memory management 
hardware , and a floating point processor. 
Disc support includes dual 800k-byte , 5" 
( 13-cm) floppy discs mounted in the 
mainframe ; dual 1.2M-byte , 8" (20-cm) 
floppy discs ; and a 26M-byte Winchester 
disc . 

Memory management hardware in­
cludes a memory map that supports up to 
16 tasks without swapping . Each task 
receives complete memory protection 
and automatic memory allocation . One 
task can be delegated as the supervisor to 
handle privileged functions forbidden to 
ordinary tasks . Such functions will trap to 
the supervisor for proper handling . A 
switch array on the CPU board allows 
turnkey configuration if the full range of 
supervisor functions is unnecessary . 

Circle 464 on Inquiry Card 

Memory Management Allows 
Computer System to Meet 
Multiuser Requirements 

A flexible memory management tech­
nique supplies the DSC-4 computer 
system with capability to allocate up to 
512k bytes of RAM . Available from Digital 
Microsystems , Inc , 4448 Piedmont Ave , 
Oakland , CA 94611 , the system can 
handle multius~ applications with maxi­
mum efficiency at minimum cost. The 
system consists of a Multibus based Z80A 
processor ; one or more 128k RAMs ; four 
RS-232 serial ports ; two 8 -bit parallel 
ports ; and two single-sided , double ­
density floppy disc drives . Options allow 
up to 28M bytes of disc storage capacity . 

Features include error detecting LSI 
components , onboard ROM diagnostics , 
HiNet network connection capability , 
realtime clock l/O and clock interrupts , 
and a floppy disc controller that provides 
for either IBM 3740 single-density or 
System/ 34 double -density operation and 
uses standard CRC-16 error detection . Ex­
tra card slots allow for the addition of user 
specified Multibus compatible boards . 

Software available includes CP/ M, 
MP/ M, and single or multiuser Oasis . Ad­
ditional applications , using high level 
languages such as BASIC , PL/l , FORTRAN . 
COBOL , or Pascal may be developed . 
Circle 465 on Inquiry Card 
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Dear Ma: 
Racal-Vadic introduces the Amazing Modemphone­

World's first voice-data telephone with a built-in Bell 
103/113 compatible 300 bps full duplex modem. 

An invisible modem? 
That's right. It's packaged INSIDE a standard 

rotary or tone telephone. 
Now, all you need is the Modemphone and your 

terminal. Use it for regular voice communication, or, 
with a flip of a switch, transmit and receive data at 
rates up to 300 bps full duplex. 

Bell 103/113 compatible, the Modemphone is 
FCC registered for direct-connect to the switched 
network. You can choose either manual or 
automatic Originate/Answer. 

Racal-Vadic engineers have done a remarkable 
job of packaging a COMPLETE MODEM inside 
a conventional telephone. All standard modem 
circuitry is mounted on a 17.5 square inch PC board, 
while a 6 square inch board adds the automatic 
Originate/Answer option. 

Available from these stocking reps ... 

The Modemphone 1s amazingly simple to 
install and to operate, with instructions on a pullout 
plastic card. 

No doubt about it - the world's first voice­
data telephone is the shape of things to come, 
eliminating the need for a separate modem and 
associated wiring. At $250, the price is right, too. 

For fast info call the 800 number right now. 

Your independent thinking son, 

~~ft. 
Racal-VadiC Member1Dc,....: ...... ~ ........... _._ 

222 Caspian Drive 
Sunnyvale, CA 94086 
Tel: (408) 744-0810 •TWX: 910-339-9297 

The Electronics Group 

PHONE: (800) 543-3000, OPERATOR 390 
Racal-Vadic Regional Offices: West: (408) 744-0810 •East: (301) 459-7430 
Central: (312) 932-9268 ·Northeast: (617) 245-8790 ·Southwest: (817) 277-2246 

Alabama: (800) 327-6600 •Alaska: (907) 344-1141 •Arizona: (602)947-7841 •California: S.F.(408) 727-6491, LA (714) 635-7600, S.D.(714) 578-5760 •Colorado: (303) 779-3600 
Connecticut: (203) 265-0215 •District of Columbia: (301) 622-3535 • Florida: Fort Lauderdale (800) 432-4480, Orlando (305) 423-7615, St. Petersburg (800) 432-4480 •Georgia: 
(800) 327-6600 • Dlinois: (312) 255-4820 •Indiana: (317) 846-2591 •Kansas: (913) 362-2366 ·Maryland: (301) 649-6000 •Massachusetts: (617) 245-8900 ·Michigan: (313) 
973-1133 • Minnesota: (612) 944-3515 • Mississippi: (800) 432-4480 • Missouri: (314) 821-3742 • Nevada: (800) 422-4591 • New Jersey: North (201) 445-5210, South (609) 
779-0200 •New Mexico: (505) 299-7658 •New York: Binghamton (607) 785-9947, N.Y.C. (212) 695-4269, Rochester (716) 473-5720, Syracuse (315) 437-6666 •North Carolina: 
( 800) 327-6600 • Ohio: Cleveland (216) 333-8375, Dayton (513) 859-3040 •Oregon: (503) 224-3145 • Pennsylvania: East (609) 779-0200, West (313) 973-1133 • South Carolina: 
(800) 327-6600 •Tennessee: (615) 269-3726 •Texas: Austin (512) 451-0217, Dallas (214) 231-2573, Houston (713) 688-9971 •Utah: (801) 484-4496 •Virginia: (301) 649-6000 
Washington: (206) 364-8830 •Wisconsin: (414) 547-6637 •Canada: Calgary (403) 243-2202, Montreal (514) 849-9491, Toronto (416) 675-7500, Vancouver (604) 681-8136 
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HEI produced the industry's first optical switch over a 
decade ago, and we still specialize in optoelectronic 
solutions. 

1. Multi-Channel Reader - economical two to 14 channel 
optical reader for printer control and other equipment 
applications. Up to ten fanouts per channel. 
2. Custom Optical Switch - built-in hybrid circuitry with 
light source and sensor gives square wave output. No moving 
parts, no wear. You specify switch size and gap spacing . 
3. Custom reflective sensor - self-contained single-channel 
mark sensor. Has TTL-compatible output , good contrast 
ratio, and excellent resolution. Useful for a variety of fixed or 
movable mark sensing applications . 
4. Multi-channel po.sitioning sensor - custom optical switch 
with deep aperture. Optical array ideal for determining 
position of moving ribbon , paper, or for sensing an encoder. 
Built-in electronics for TTL-level digital output . 

HEI supplies a wide range of optoelectric devices as well 
as hand-fed card readers and a family of light pens. HEI 
has optoelectronic solutions for your design needs. 

The Optoelectronic Specialists 

HEiin~. 
Jonathan Industrial Center •Chaska, MN 55318 • 612/448-3510 

CIRCLE 129 ON INQUIRY CARD' 

Magnetic Tape System 
Is Multibus Compatible 

INTL- 1050 , an IBM / ANSI compatible 
magnetic tape system that is plug com­
patible with the Intel Multibus , consists of 
a single-card tape controller that connects 
to the model 1050 formatted tape 
transport . The card tape controller 
manages data transfers between the host 
CPU and the drive via direct memory ac­
cess into an 8k on board buffer . 

The complete subsystem , available 
from Innovative Data Technology , 4060 
Morena Blvd , San Diego, CA 9211 7 , 
uses a dual-density , 9 -track , 45-in 
(114-cm) I s tape transport for either 800 
bit/ in (314/ cm) NRZI , or 1600 bit/in 
(628 / cm) , Phase Encode. Error 
recovery , interrupts, and status and 
diagnostic primitives are provided in 4k 
onboard EPROM. The Multibus , isolated 
from the subsystem , allows tape data 
transfer without requiring main bus 
cycles . 

A system controller fits Multibus card 
cages and stores over 40M bytes of data 
on a full size 2400' (731 -m) , 10.5" 
(26.6-cm) diameter tape reel. Features 
include drive embedded formatter, IBM 

compatible 7- or 9-track , read after write , 
VRC and LRC checks , software controlled 
single- or dual-data buffering , multiple 
drive systems , and high speed data 
transfer . The system measures 
24 x 19 x 15" (60 x 48 x 38 cm) , is fully 
integrated and tested , and is shipped in 
any combination of up to eight tape 
drives. 

Circle 466 on Inquiry Card 

Component Configurations 
Extend µC Families 

Four additional configurations of the 
LSI- 11 / 23 microcomputer , along with 
price reductions from 7 to 19% on 
several standard configurations , are 
available. Extensions of the family from 
Digital Equipment Corp , Maynard , MA 
01754 , include an LSI-11/23 entry level 
component package consisting of the 
CPU , 32k bytes of RAM , two serial lines , 
clock and provisions for 8k bytes of ROM 

or EPROM. 

Several price reduced (6 to 21 %) con­
figurations and an additional configura­
tion are available for the LSI-11/2. This 
configuration includes the CPU, 64k bytes 
of RAM , four serial lines , clock , 
ROM / EPROM provisions , and software 
license for the RRT runtime system . Other 
memory sizes and some multifunction 
boards are available . 
Circle 46 7 on Inquiry Card 
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VISACOM/23 
GRAPHIC/IMAGE SYSTEM. 
SUPER CAPABILITIES, 
SUPER FAST, SUPER PRICE. 
DeAnza's VISACOM/23 now offers you features and 
capabilities previously only found in large-scale 
systems. Features like proven and superior image 
and graphic display software, advanced computing 
capabilities and proven operating systems software. 

All at a very reasonable price. 
The VISACOM/23 and the DeAnza Library of 

Image Processing Software (LIPS) allows you to 
perform work you only thought possible on the 
large, expensive systems. 

Graphic and display efforts like convolutions, 
rotations, classification. amplifications, addition, 
subtraction. image and graphic zoom and scroll as 
well as much more. 

And, the VISACOM/23 incorporates the powerful 
LSl-11/23 computer so you perform graphic and 

image process­
ing more easily 
and much faster. 

It allows you to do more work in less time. 
VISACOM/23 has a full 512K byte memory for 

dedicated computer operation or image display as 
well as 128K bytes of dedicated memory outside of 
the image memory, four independent graphic 
overlay channels, alphanumeric character 
generators, color and monochrome transformation 
units and cursor overlays. 

If your graphic and imaging application calls 
for a system that provides quality, flexibility and 
added capabilities all in an economical package, 
find out more about the VISACOM/23 today. 

Call or write: 

Del\nza Systems Incorporated 
CORPORATE HEADQUARTERS: 118 Charcot Avenue, 
San Jose, CA 95131 , (408) 263-7155, TWX: (910) 338-7656 
REGIONAL OFFICES: 100 First Ave. , N.E., Suite 114G, 
Cedar Rapids, IA 52401 , (319) 364-1366 • 3918 Prosperity Ave., 
Suite 204, Fairfax, VA 22031 , (703) 698-0600. 

GIVE YOURSELF A BETTER IMAGE 
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STD Bus or IEEE 488 
Whether you're designing STD Bus systems or IEEE Standard 488 products, we 

can show you how to win "The Card Game." And that's by getting only the boards you 
need. When you need them. Inexpensively. 

TAKE OUR IEEE STANDARD 488 INTERFACE. It lets you hook the STD Bus to the 
IEEE Standard 488 GPIB. This interface plus a STDµP gives you a complete intelligent 
talker and listener. With data rates to 250k Bytes/sec. So you can build sophisticated 
µP-controlled, GPIB-compatible equipment at very low cost. Quickly. 

MEET OUR IEEE STANDARD 488 CONTROLLER. If you designtiP-based ATE systems, 
you'll want to know about it. Use it to control up to 14 devices. And plug it in to equip 
your STD Bus with full talker, listener and GPIB controller capabilities. 

OR MAYBE YOU'D LIKE TO GET RID OF EXCESS RELAY LOGIC. Our Relay Output 
Card's the answer. Select it and get eight independent reed relays. Then look for 
exacting contact requirements for control/instrumentation uses in STD Bus systems. 
You even have a choice of dry, mercury-wetted, SPST, SPOT relay tapes. Plus total 
STD-8085, STD-Z80, and STD-6800 compatibility. 

MORE STD BUS COMPATIBILITY? Look no further than our Dual BCD Counter I 
Timer. It brings you two 4-digit BCD counters which are computer readable. AND 
HUMAN READABLE. Just add an optional seven-segment LED display. You'll also 
enjoy real flexibility, because each 2MHz counter has a four-input multiplexer. 
Plus selectable count-pulse polarity, and multiplex scan circuitry for the optional 
display. 

WE'D LIKE TO START DEALING YOU THE RIGHT CARDS TODAY. For complete info on 
Ziatech's product line, write us today. Or call Bert Forbes, President, at (805) 
541-0488. 

.JJ.!..L 710 . 
=~=---re.ch 
• 11 r corporation 
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Memory and 1/0 Boards 
Increase Program Storage 
and Serial Data Rate 

Combination memory and 1/ 0 expansion 
boards, iSBC 108A™ and 116A™, provide 
users of the company's single-board com­
puter with up to four times the program 
storage capacity and twice the maximum 
serial data rate of the original iSBC 108 ™ 
and iSBC 116™ boards . Available from In­
tel Corp , 5200 NE Elam Young Pkwy , 
Hillsboro, OR 97123 , the boards allow 
expanded data memory , program 
storage memory , serial 1/ 0, and parallel 
1/ 0 . The 108A and 116A contain 8k and 
16k bytes of RAM , respectively , 48 pro­
grammable 1/0 lines, a programmable 
serial 1/ 0 port with RS-232-C drivers and 
receivers , eight interrupt lines , and a 
1-ms interval timer. 

Both boards are compatible with 
Multibus™ and interface iSBC 80™ or iSBC 
86™ single-board computers . 20-bit 
memory address decoding gives com­
patiblity with the IM-byte memory ad­
dress space of iSBC 86 computers. 12-bit 
1/0 address decoding is also provided . 
EPROM power requirements have been 
reduced by up to 70% . 

An 8251A universal synchronous/ asyn­
chronous receiver/ transmitter , USART, is 
provided , allowing most byte oriented 
communications protocols to be pro­
grammed with commands in the applica­
tions software of the system . Eight ju mp er 
selectable interrupts are available : two 
each on the USART and two program­
mable peripheral devices , and two for 
user designated devices, one of which 
can be jumpered to the interval timer to 
provide interrupts at 1-ms intervals . 

In both synchronous and asyn­
chronous modes, the serial 1/0 port 
features half- or full-duplex, and double­
buffered transmission and reception . Cir­
cuits are provided to check parity , over­
run, and framing errors. The port uses 
either an onboard baud rate generator , or 
external clock signals ; in the asyn­
chronous mode , jumper selectable baud 
rates range from 75 to 19,200. 

Forty-eight parallel 1/ 0 lines are im­
plemented with two 8255A programmable 
peripheral devices, providing a total of six 
8 -bit ports that can be configured with 
system software into bi- and uni­
directional combinations . Two ports can 
be used as status or 1/0 registers . Sockets 
allow installation of line drivers and ter­
minators to suit specific applications . 
Circle 468 on Inquiry Card 
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Just think what you can do with that speed. 
At 240 !pm, 80 characters per line, you can copy 
a full 24 line CRT screen in 6 seconds ... or deliver 
a memo by phone at 11200 baud. 

No problem. Because the TH 240's clean design 
and unique thermal dot matrix printhead 
deliver that speed reliably and without a sound. 
With thousands installed and field proven, 
you can buy with confidence. What's more, the 
TH 240 has self test diagnostics and three easily 
replaceable subassemblies for the ultimate in 
seNiceability ... and you get the support of 40 
seNice centers nationwide. You don't need to 
maintain a TH 240 inventory ... we do it. 
Call or write for details today. 

PRINTERS THAT PERFORM ... 
WITH YOUR S'r'STEM. 
•ro Qual ified OEMs 

lli ----
PRINTER SYSTEMS CORPORATION 
1 West Deer Park Road, Suite 104 
Gaithersburg, MD 20760 
(301) 840-1070 (800) 638-4041 
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Support System Emulates 
CMOS MPU in Real Time 

MEX146805, this company's first CMOS 
hardware and software support system , 
adapts EXORciser TM and EXORterm TM 

equipment to the development of -
systems based on the CMOS MC146805E2 
MPU. Available from Motorola Semicon­
ductor Products Inc, PO Box 20912 , 
Phoenix AZ 85036, the support system 
provides the user with a debugging reper­
toire and gives realtime emulation of the 
MPU. Included are two printed circuit 
board modules , one extender cable ter­
minated by a 40-pin DIP plug, an MOOS 
diskette containing the MPU macro 
assembler and linking loader , and 
FIVEbug TM , the MEX6805 debug/ monitor 
program . 
- The development system uses a CMOS 
processor on the MPU module , together 
with an MC6800 or MC6809 MPU in the 
p:XORciser development system . This 
technique isolates the CMOS processor 
from the development system , while 
allowing interprocessor communication . 
Existing M6800 or M6809 hardware and 
software is used for the development of 
MC146805E2-based systems. 

FIVEbug capabilities enhance the 
debugging function ; multiprocessor user 
systems can be debugged , one processor 
at a time . The debug/ monitor system 
works with MEX146805 module configura­
tion commands, data manipulating com­
mands, diagnostics for testing onboard 
RAM, processor control commands, and 
memory change commands. 

The cross macro assembler , featuring 
macros , conditional assembly, relocation , 
and linking, and requiring 24k bytes of 
RAM, allows the assembly of the MPU 
source code and supports the CMOS MPU . 
The linking loader combines relocatable 
object modules to produce an absolute 
object image . 

Operable in standalone mode by 
forfeiting interrupt-dr iven debug 
capabilities, the system allows use of all 
onboard RAM , EPROM , and external 
memory, and permits use of the single 
step and set breakpoint function , or halt­
on-address, for programs in onboard 
RAM. Minimum system requirements for 
use of the MEX146805 are EXORciser with 
EXORterm 150, EXORdisk 11 , and 24k of 
memory . 
Circle 469 on Inquiry Card 
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Prototyping Boards 
Have Expanded 1/0 Capability 

4611 series prototyping boards from Vec­
tor Electronics have an 8" uncommitted 
area for mounting ribbon wire connectors 
and hold up to 11 9 1 6 -pin DIPs 

A series of prototyping boards for 
Motorola EXORciser or Rockwell AIM 65 
Expansion provides flexibility in intercon­
nection methods and component place­
ment. The boards, available in bare, dual­
power bus, and dual-power bus plus 
3-hole pad configurations from Vector 
Electronic Co , Inc, 12460 Gladstone 
Ave , Sylmar , CA 91342, have a large 
uncommitted pad area near the top for 
ribbon wire 1/0 connectors. 

Model 4611-1 is bare except for the edge 
connector , is used with wrapped wire in­
terconnections, and holds up to 119 
16-pin DIPS . Power and ground buses are 
made with added wire . Model -2 has only 
interposed power and ground buses , is 
intended for wrapped wiring, and holds 
up to 80 16-pin DIPs or a mixture of sizes . 
Model 4611, with 3-hole pads inter­
spersed with power and ground buses , 
holds up to 45 16-pin DIPs , or a lesser 
number of larger devices , and is designed 
for soldered interconnections or solder 
mounting of wrap post IC sockets and 
discrete components . All three boards 
have an 8" (20-cm) long uncommitted 
area for mounting ribbon wire connectors 
with two rows of leads of LEDs on a 0 .1 " 
(0 .2-cm) grid . All boards have the stan­
dard EXORciser 48/ 36 contact card edge 
connector . 

Circle 4 70 on Inquiry Card 

Small Business Computer 
Combines Hard/Floppy Discs 
With Magnetic Tape Backup 

Combining hard and flexible disc storage 
with a magnetic tape backup unit and 
providing storage for large amounts of 
data with economical tape backup , the 
ACS8000-6-MTU small business computer is 
available from Altos Computer Systems, 
2360 Bering Dr, San Jose , CA 95131. 
The microcomputer system supports one 
to four users simultaneously , and uses a 
Z80A CPU, 8" (20-cm) floppy and 14" 
(35-cm) Winchester disc drives , and a 
0 .25" (0 .65-cm) "funnel" cartridge tape 
drive . 

The single-board computer offers 
greater throughput , enhanced reliability , 
ease of repair , and socketed expansion 
areas. Single- and double-sided floppy 
discs provide either 1 or 2M bytes of 
online storage , and Winchester discs pro­
vide unformatted storage oppons of 
14.5M, 29M, or 58M bytes . The MTU in­
cludes a 450' (135-m) cartridge with 
over 1 7M bytes of storage capacity . 
Reading and writing afe unidirectional on 
four tracks , at 30 in (76 cm)/s . The drive 
will search at 90 in (228 cm)/s, and pack­
ing density is 6400 bits/in (2517 I cm) . 

Features of the system include tape ini­
tialization , verifying the cartridge by 
writing and reading a check code on each 
of the four tracks; disc to tape backup , 
placing user specified files onto the tape ; 
tape to disc restore , placing user specified 
files from tape to a specified disc drive ; 
disc to tape append, allowing the addi­
tion of new files into a partially used tape 
cartridge ; and a tape directory, listing the 
names of all data files on a cartridge . 

Data reliability is less than one error in 
lOOM bits read by the device . Automated 
error recognition and correction ensure 
continued data integrity . 

Circ le 4 71 on Inquiry Card 

Single-Board Controller 
Improves Microcomputer 
Printing Speed 

Designated LPC-03, a single-board printer 
and controller provides serial printing 
capability of 180 char/ s or 340 char/ s, 
and line printing at 300 lines/ min to users 
of DEC LSI-11 , LSl-11/2, LSl-11/23, and 
PDP-11/ 03 microcomputers . The con­
troller, available from BOS Computer 
Corp , 1120 Crane St, Menlo Park, CA 
94025, is plug compatible with the 
UNIBUS and software transparent to the 

(continued on page 170) 
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"Our new VISUAi, 400 
tops theJndustryS Ymest Une 

of video terminals." 
"Compare Visual's line of terminals with any other in the industry Character or block mode. 80or132 

columns. Black and white or green and black screens. Double high and double wide characters. Super 
editing. Umited graphics. Paging. International character sets. Programmable function keys. We emulate 
and outperform terminals from DEC®, Hazeltine, Lear Siegler and ADOS. Chances are we've got the right 
terminal at the right price for you. Call our marketing department and see for yourself." 

VISUAL 100- VISUAL 200- Switchable Emulations 
DEC VTIOO® Compatible • Switch selectable emulation of DEC 
Plus VT52®, Hazeltine 1500, ADDS 580, 
• Advanced video pack­

age is standard 
• Non-glare, tiltable screen 
• Detached solid state key­

board, n-key rollover 
• CRT saver feature 
• Serial buffered printer 

interface option 
• Hewlett-Packard protocol 

compatibility option 

LSIADM-3A 
• Non-glare tiltable screen 
• Detached solid state keyboard 

·• Large 7 x 9 dot matrix char-
acters with descenders for 
lowercase 

• Background/foreground, 
blink, security fields, editing 

• EIA-RS232-C and 20 ma inter­
faces, serial printer port, 
smooth scroll, 14 function keys 

• Numeric keypad and cursor 
positioning keys 

"'SUAL 400- Top Of The Line 

• All the advanced video capabilities of the VISUAL 
100, i.e., 80or132 columns, etc., plus ... 

• Flexible block mode transmission parameters 
• Multiple field definitions including numeric only, 

alpha only, must fill, total fill, right justify, protect 
• 8 resident national character sets & line drawing 
• Programmable non-volatile function keys 
• Control code display 
• Printer port independent of communication interface 
• 2 or 4 optional pages of memory; flip page or scroll 

Tom Foley, President 

VISUAL 210 - Block Mode 
• All the features of VISUAL 

200 plus ... 
• 14 user programmable 

function keys, up to 48 
codes each may be down 
line loaded 

• Transmit line, field, page 
• User programmable mes­

sage framing including 
start of message, end of 
line, field separator and 
end of message codes 

• Remote transmit 
• Suspend/resume transmit 
• Transmit unprotect/all 

~ee for yourself 

• Set-up modes for selection of terminal parame­
ters, eliminating cumbersome switches 

Visual Technology Incorporated 

Railroad Avenue, Dundee Park, Andover, MA 01810 
Telephone (617) 475-8056 Telex 951-539 
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MICRO DATA STACK 

operating system , requiring no 
reprogramming or reconfiguring . The 
controller measures 5 x 8 .5 x 0 .5" (13 x 
21.6 x 1.2 cm) and occupies one quad­
size slot in the chassis . Required power is 
5 Vdc at 0 .8 A. 

Both the 340- and the 180-char/ s 
printers are a 7 x 7 dot matrix with 
64/ 96-char sets . The serial printers 
measure 8 x 26 x 23" (20 x 66 x 58 cm) 
and weigh 70 lb (38 kg). The 
300-line/ min printers have 64 uppercase 
character sets with 96 upper / lower case 
character sets as options . The line printers 
measure 15 x 30 x 25" (38 x 76 x 
63 cm) and weigh 150 lb (68 kg) . 
Circ le 4 7 2 on Inqu iry Card 

S-1 oo Bus Computer 
Designed for ROM Based Programs 

The basic System Zero (model cso) com­
puter from Cromemco Inc , 280 Bernardo 
Ave , Mountain View, CA 94043 , can be 
expanded by adding more memory and 
1/ 0 cards to take advantage of floppy 
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International 

Dept. F.A . 
300 North Zeeb Road 
Ann Arbor , Ml 481 06 
U.S .A . 

Dept . F.A . 
1 8 Bedford Row 
London, WC 1 R 4EJ 
England 

and / or hard disc systems . The S-100 bus 
computer system includes a Z80A-based 
single card computer , lk byte of RAM 
memory , and 3k control BASIC in ROM 
memory . Three additional slots on the 
bus are available to tailor the system to 
specific applications . 

Model CSO/ D, a special version , is 
available for use with floppy discs , and in ­
cludes the Z80A single card computer , 64k 
of fast RAM , and the 16FDC disc controller 
card that permits the use of high capacity 
disc drives storing 390k bytes on 5" 
(12-cm) diskettes . The controller has an 
on board resident disc operating system , 
RDOS-2, that provides system diagnostics , 
as well as the ability to read or write 
single -sided , double -sided , single ­
density , or double-density diskettes . 

Circ le 4 7 3 on Inqu iry Card 

Memory Management/Mapping 
Make Single-Board Computer 
Useful ·in Multitasking 

Am95/ 4010, an 8 -bit , Multibus compatible , 
single-board computer from Advanced 
Micro Devices Inc , 901 Thompson Pl , 
Sunnyvale , CA 94086 , features memory 
management capabilities and an 

Am8085A-2 CPU with 4-MHz operation . 
Memory management and mapping 
capabilities adapt the unit to use in multi­
user / multitasking designs . 

The memory management unit uses a 
programmable onboard mapping RAM , 
enabling the user to address 256k bytes 
anywhere in a lM-byte address space ; 
these lM bytes can be divided into as 
many as 256 lk-byte segments with each 
segment independently placed anywhere 
in the address space . Each segment can 
be independently read or write protected . 
The user can select any RAM board that is 
Multibus compatible . Standard memory 
boards can be mixed in any combination 
up to 256k bytes of memory. 

Four independent groupings and com­
mon blocks of memory within the 
memory map are allowed for multi­
user/ multitasking designs . Each user and 
the system have separate address space ~ 
only the system is allowed to execute 1/ 0 

operations and similar privileged instruc­
tions . The system can trace resource 
availability , prevent contention , and 
determine priority of access . 

Standard features include two RS-232-C 
serial ports , 24 parallel 1/ 0 lines , up to 4k 
bytes of P/ ROM, 8-channel vectored inter­
rupt controller , and the Am9513 with five 
independent 16-bit counters and 
multimode operation . 
Circ le 4 74 on Inqui ry Card 
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WHY OUR WINCHESTER 
HARD DISK BASED 

SYSTEMS ARE PICKED BY 
GROWING CONCERNS 

Growing seasons. Those 
fruitful times when firms 
often find that their appli­
cations have outgrown 
their systems. Yet the 
costs of stepping up to a 
minicomputer can cause 
growing pains for many 
growing concerns. 

Altos Computer 
Systems. a world leader in 
single board microcom­
puter technology, has 
packages of fresh ideas 
designed specifically for 
growing OEM's, the busi­
ness sector. and many 
other end users. In fact. they're 
responsible for Altos' own rapid 
growth in the last three years. 

Packages like Altos ' ACSB000-6 
microcomputer family that's loaded 
with features which provide mini­
computer performance at affordable 
microcomputer prices. The advanced. 
proprietary double-sized single board 
contains fully socketed and reliable 
LSI circuitry that includes: the ZBOA* 
CPU with high speed OMA; up to 208 
KBytes of RAM; the sophisticated 
floppy disk and Winchester hard disk 
controller; six RS-232C serial and two 
8-bit parallel ports; and an optional 
floating point processor. 

The Altos hard disk family 
will support up to four users simul­
taneously with 48 KBytes of RAM 
each. as well as up to 58 MBytes of 

on-line quality Shugart Winchester 
hard disk storage. with tape 
cartridge back-up. And all this at 
microcomputer prices. 

Altos also supports three 
industry standard operating 
systems: single /multi-user CP/ M ~ * 
OASISJ and Altos' proprietary 
AMEX.™ Seven high level program­
ming languages are offered which 
are CP/ M or AMEX compatible. 

Weed through the micro­
computer system alternatives. No 
matter what your application. you 'll 
pick Altos. 

For specific details about 
pricing or performance. call or write: 
Altos Computer Systems. 
2360 Bering Drive. San Jose. CA. 
95131. (408) 946-6700, Telex 171562 
ALTOS SNJ . 

Floppy 
Disks: 
.SMb-ZMb 

Packed with 
Fresh Ideas 

(ALOO)) 
COMPUTER SYSTEMS 

'ZBOA is a registered trademark of Zilog . Inc. " CP/ M is a registered trademark of Digital Research. Inc. t QASIS 1s a registered trademark of Phase One Systems. Inc. © 1980 Altos Computer Systems 
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CPU Board Compatible 
With 8-Bit Memory and 1/0 
Subsystems 

CP88, a CPU board for S-100 machines 
based on the Intel 8088 microprocessor, is 
compatible with commonly used 8-bit 
memory and I/ O subsystems . The board , 
available from Microfuture , PO Box 
5951 , San Jose , CA 95150 , features lM 
bytes of memory address space , with 
flexible EPROM/ RAM addressing in the top 
4k of address space . Provision is made 
for up to 3k bytes of onboard EPROM and 
lk bytes of static RAM. Memory access 
time requirements are 450 ns using the 
standard 5-MHz 8088 CPU . 

Full 16-bit math and extensive string 
handling capabilities are included in the 
instruction set. All S-100 edge connector 
pins are plated ; 97 pins are brought to 
onboard feedthrough . Two 16-pin , three 
18-pin , and one 40-pin spare sockets are 
provided for breadboarding. 
Circle 4 7 5 on Inquiry Ca rd 

SOFTWARE 

Software Standards 
Established for 16-Bit 
Microprocessors 

Standard conventions that will enable 
programs written in any language for the 
Zilog Z8000 microprocessor to call Z8000 
programs written in any other language 
have been established . The standards 
specify parameter passing and register 
usage practices used in software written 
by Zilog , Inc , 10340 Bubb Rd , Cuper­
tino , CA 95014 , for its microprocessor. 
They also enable compilers for all Z8000 
languages to generate object code . 

The proposed standardized calling 
conventions have been adopted by 
Microsoft and are under consideration by 
several other companies . They satisfy the 
requirements of the major programming 
languages , including C, PLZ/ SYS, FOR­
TRAN , and Pascal. In addition , they 
minimize call-return overhead , allow for 
passing of structured parameters by 
value , and add little complexity to code 
generators . No undue call -return 
overhead is introduced in code generated 
by one language processor at the expense 
of another. 

Two register subsets- temporary and 
global-are partitioned from the micro-
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Bar Code Wand 
Plugs into Apple II or Ill Computer 

BarWand , a modified Hewlett-Packard 
HEDS 3000 digital bar code wand , inter­
faces to the Apple computer line and is 
designed to read all common bar code 
formats with nominal width of l' (0 .3 m) 
when it is scanned with a tip velocity be­
tween 2 .9 and 29" (7 .6 and 76 cm) / s . 
The handheld bar code scanner has an 
integral push to read switch , contains an 
optical sensor with a 700-nm light source , 
photodetector, and precision aspheric 
optics , and is available from Advanced 

processor's register set. Temporary 
registers are not preserved by called 
routines , while global registers are 
preserved across subroutine calls ; ie , they 
contain the same values on the return 
from a subroutine call that they contained 
on entering the subroutine. 

Every member of a parameter list is 
assigned by an algorithm either to a 
register or to storage . The algorithm 
handles value , result , and reference 
parameters for both segmented and non­
segmented versions of the micro ­
processor . 

In a related activity , the U.S . Air Force 
has been licensed to use the 
microprocessor 's instruction set in 
defense related computer systems . Ac­
cording to the agreement , the Armament 
Division of the Air Force Systems Com­
mand may use the Z8000 instruction set in 
16-bit computer based defense em­
bedded systems, including applications in 
weapons , communications , command 
and control , and military intelligence . 
Such systems will be developed either by 
the Armament Division or its contractors . 
However , as part of the nonexclusive 
agreement , the licensee may not modify 
the instruction set . 

Circle 4 77 on Inquiry Card 

Business Technology , Inc , 12333 
Saratoga-Sunnyvale Rd , Saratoga , CA 
95070. 

The wand must be held with a tilt angle 
between 0 and 30 ° with the tip in contact 
with the tag . Surface of the switch button 
must be parallel to the height dimension 
of the bar code . A digitizing circuit in the 
wand provides a TIL compatible logic 
high when positioned over a nonreflect­
ing black bar and a logic low over a 
reflecting white space . The push to read 
switch energizes the 700-nm LED emitter 
and electronic circuitry . 

Features include a replaceable , low 
friction scanning tip , a 7' (2.13-m) 
stretch cable , and a lightweight case . 
Supply voltage is 3 .6 to 5 . 75 Vdc ; supply 
current is 50 mA. Output power is 200 
mW , and switch bounce is 5 ms. The 
wand weighs 1.5 oz (42 g), and is 5.2" 
(13.2 cm) long and 0 .75" (1.90 cm) in 
diameter. Assembly code subroutines are 
provided on 5.25" (13 .33-cm) disc 
media to read most common bar codes 
including Paperbyte , Label Code , and 
typical UPC codes , and are arranged in a 
series of application demonstrations writ­
ten in Applesoft. 
Circle 4 76 on Inquiry Card 

Industrial Version of 
Pascal Supports 
M68000 and ZBOOO CPUs 

Intended for OEM industrial applications , 
HA-Pascal/ I supports all functions of PL/ M 
compilers but has a Pascal syntax . 
Features include port 1/0 support , 32-bit 
arithmetic , access to memory on a byte or 
word basis , assembler routines callable for 
time critical applications , entire set of 
Pascal control structures , complete set of 
useful external functions , interrupt or 
realtime operations , debugging with the 
machine monitor , ROMable object code , 
high efficiency code production , and sup­
port of a separate compilation . 

Hemenway Associates , Inc , 101 Tre­
mont St , Boston , MA 02108 , states that 
the compiler produces native code and 
runs under either HA-SP / 68000 or 
HA-SP/ Z8000 operating systems although 
the code it produces can run standalone . 
Operation of the compiler is edit a source 
Pascal program , compile the source pro­
ducing macro calls , assemble the macro 
calls together with the supplied macro 
library to produce relocatable object 
code , and link and relocate the 
relocatable object code producing native 
machine code . D Circle 4 7 8 on Inquiry Card 
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Memory Error 
Control Management 

John R. Mick 
Advanced Micro Devices 
901 Thompson Pl, Sunnyvale, CA 94086 

As the size and density of dynamic random access 
memories increase , so will hardware bit failures due to 
alpha particle impingement. Design engineers must 
therefore be increasingly concerned with soft errors in 
memory designs that include large , dense random access 
memories. To improve reliability it is essential that such 
memory systems be supported by error detection and 
correction. It has been estimated that system reliability 
can be increased by a factor of 60 or more if suitable error 
detection and correction methods are employed . 

Memory Support Devices 

The advantage of using large and very large scale integra­
tion (LSI and VLSI) random access memories (RAMs) is 
diminished by the need to surround them with small and 
medium scale integration (SSI and MSI) devices that con­
stitute error detection and correction (EDC) circuitry and 
circuitry required for memory buffers , drivers , and con­
trollers . Semiconductor manufacturers are therefore in­
troducing LSI memory support devices that allow the 
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CONTROL 
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designer to implement error detection and correction and 
to control memory in a more cost-effective fashion. In ad­
dition , EDC and lower part counts can slash field 
maintenance costs and allow systems to run longer , 
uninterrupted from soft or hard memory errors , ie, 
memory errors can be logged for use in detecting 
marginal RAM chips . 

Typical of these memory support devices is the 
AmZ8000 family including the AmZ8160 error detection and 
correction unit , the AmZ8161 / AmZ8162 EDC bus buffers , the 
AmZ8163 refresh and EDC controller , the AmZ8164 dynamic 
memory controller , and the AmZ8165/ AmZ8166 dynamic 
RAM drivers . Fig 1 shows a typical microcomputer 
memory system in wh ich the memory support subsystem 
interfaces to the central processing unit (CPU) data bus , 
address bus , and control signals . 

Dynamic Memory Controllers 

Dynamic memory controllers (DMC) are not the same as 
memory management units (MMU) . MMUs are intelligent 
devices that can translate logical addresses into physical 
address spaces , remember memory space attributes and 
act accordingly to prohibit access , and allow read only ac­
cess or limited access based on some code . DMCs , on the 
other hand , simply accept a physical address and present 
it in the proper sequence to the memory subsystem. For 
example , the AmZ8164 can accept a 16-bit address and 
present it to memory as two sequential 8-bit bytes with an 
externally specified delay between them . DMCs must also 
keep track of refresh count control to avoid the loss of 

(co ntinued on page 176) 

Fig 1 MOS microcomputer 
memory system. M emory 
support subsystem interface 
to AmZ8000 data bus, ad -
dress bus, and control signals 
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Any Questions? 
The only way to test memory storage disks is 
the ADE AVA way. Disk run-out, velocity and 
acceleration measurements are essential to 
qualify a disk for life. 

With 2 microinch tolerances can you 
really trust your disks to anything but the best? 

The world's leading disk peripheral com­
panies always qualify the ADE AVA way. 
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Ask us for more details. 

ADE CORPORATION 
77 Rowe Street, Newton, MA 02166 
Telephone: (617) 969-0600 
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information in dynamic memories ; hence , their program­
mability should include the selection of refresh modes , 
and they should be adaptable to different memory sizes. 

In addition , the AmZ8164 DMC provides address han­
dling , and row address strobe (RAS) and column address 
strobe ( CAS) decoding and control. It contains 18 input 
latches for capturing an 18-bit address for memory con­
trol and is designed to operate with either 16k or 64k 
dynamic RAMs. As needed by the memory , the designer 
uses either 14 of the multiplexer address inputs and 7 of 
the address. outputs or all 16 of the multiplexer address 
inputs and all 8 of the address outputs. In 16k dynamic 
RAMs 7 address inputs are provided to the RAM during the 
RAS LOW signal , and then the 8-bit multiplexer is switched 
so that 7 upper address bits are provided to the RAM for 
the CAS LOW cycle . The device provides a 3-bit input ad­
dress MUX and an 8-bit refresh counter. The 8-bit refresh 
counter supplies the refresh address to the dynamic 
memory during the refresh cycle . This counter can be 
used in a 128- or 256-line refresh mode. The DMC also 
contains a RAS 2-line to 4-line decoder so that up to four 
rows of dynamic memories can be controlled from one 
device and includes a CAS buffer to inhibit the CAS output 
during refresh. 

Using Line Drivers 

As can be seen in Fig 1, dynamic RAM drivers can be used 
in large memory systems to buffer the address , RAS , CAS, 
and WRITE enable signals to the RAMs . Using standard line 
drivers such as the Am74S240 and Am74S244 requires the 
addition of an external series damping resistor between 
the Schottky output and the RAM to keep the Schottky 
HIGH to LOW transition from causing a disastrous under­
shoot and a slower rise time. By locating the resistor in 
the lower output driver , as in the AmZ8165 and AmZ8166 
line drivers, the undershoot problem is eliminated while 
permitting the fast rise . 

The AmZ8165 and AmZ8166 are pin compatible devices 
with the Am74S240 and Am74S244. The -65 and -66 RAM 
drivers are specifically designed for driving dynamic RAMs 
and feature high capacitance drive , guaranteed maxi­
mum undershoot of less than - 0.5 V , and V OH of 
less than V cc - 1.15 V. Both devices feature symmetrical 
rise and fall times and have guaranteed minimum and 
maximum specifications at both 50 pF and 500 pF loads: 
The -65 is inverting , and the -66 is noninverting. 

EDC Buffering 

Effective use of an EDC chip requires a companion 3-bus 
buffer with latches . Incoming data must be fed 
simultaneously to the memory for storage and to the EDC 
unit for computation of the check bits which are stored 
with the data in memory . During a read cycle the buffer 
can operate in either of two modes . In the first mode it 
can pass data transparently to the data bus and the EDC 
unit. If the EDC unit does not find a problem with the 
data , nothing further happens . If the data is incorrect , the 
EDC must notify the system to stop and wait while the 

(continued on page 178) 
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Now you can upgrade your system per­
formance easily and inexpensively with 
PRIAM' s SMART START Winchester disc 
drive package. You get a DISKOS 1070 
floppy-disc-size disc drive and PRIAM's 
SMART Interface. This SMART START 
combination is priced at only $1995. 
and its capacity is twice that of other 
comparable combinations. 

PRIAM's SMART Interface adapts 
quickly and conveniently to most popu­
lar microprocessor 110 busses. and it 
controls up to four eight-inch or 14-inch 
PRIAM Winchester disc drives having 
capacities from 10.8 to 158 megabytes. 
So your systems get the benefit of 
Winchester technology reliability. low 
cost-per-megabyte. and a potential for 
much higher capacities and higher 
throughput. still using the same SMART 
Interface. 

With the power and flexibility of its 
8085 microprocessor. the SMART Inter-

face provides these important functions : 

Serializes and deserializes data 
with selectable sector sizes of 128. 
256. 512. or 1024 bytes. 

Full sector buffering permits data 
transfers at any rate up to 2 mega­
bytes per second. with programmed 
1/0 or OMA. 
Automatic alternate sector assign­
ment makes disc defects trans­
parent to the host processor. 

Overlapped-command and implied 
operations capability improves sys­
tems throughput in multiple-drive 
(up to four) systems. 

These benefits and many more are 
packed into a single 8" x 14" printed 
circuit board that can be piggy-backed 
on the DIS KOS 1070. or any other 
PRIAM disc drive. or mounted-sepa­
rately. PRIAM's optional power supply 
provides power to both the SMART 
Interface and the DIS KOS 1070 for only 
$295 more. 

CIRCLE 95 ON INQUIRY CARD 

PRIAM's DISKOS 1070 gives you a 
capacity of 10.8 megabytes in exactly 
the same space you 'd give an eight­
inch floppy disc drive. Average head 
positioning time is only 53 milliseconds. 
and the data transfer rate is 0.9 mega­
byte per second. With Winchester 
reliability. the DISKOS 1070 has an 
MTBF of 10.000 hours. 

In addition to the SMART Interface 
and DIS KOS 1070 disc drive. your 
SMART START package includes a drive 
interface terminator and an interface 
manual. PRIAM will also provide appli­
cation notes for adapting the SMART 
Interface to commonly used micro­
processor 110 busses. 

Get Winchester technology off to 
a SMART START in your system now. 
Complete SMART Interface and DISKOS 
1070 specifications are yours for the 
asking. This special offer is good only 
until March 15. 1981. so call or write 
today to : PRIAM Corporation. 
3096 Orchard Drive.San Jose. CA 95134. 

Telephone ( 408) 946-4600 
TWX 910 338-0293. 

1PRTIAM 



data is corrected. In the second mode, read data is 
latched into the buffer and not released to the data bus 
until the EDC says to proceed . In either mode , incorrect 
data is corrected, and the correct data replaces the incor­
rect data in memory . 

Data interface between the dynamic memories , the 
EDC chip , and the system data bus ·is accomplished with 
bus buffers. The AmZ8161 bus buffer is inverting between 
the system data bus and the EDC bus , while the AmZ8162 is 
non inverting . Both devices contain two internal latches , a 
multip lexer , and a RAM driver output buffer . The devices 
have 4-bit wide data paths to and from the RAM , to the 
EDC, and to the system data bus . 

EDC Unit Operation 

The AmZ8160 error detection and correction unit (Fig 2) 
will generate check bits on a 16-bit data field according to 
a modified Hamming code and correct the data word 
when check bits are supplied . Operating on the data read 

LATCH ENABLE 
OUT ...,0------------. 

from mem ory, the device will correct a 1-bit error and will 
detect all 2- and some 3-bit errors. For 16-bit words , 6 
check bits are used. The device is expandable to operate 
on 32-bit words (7 check bits) and 64-bit words (8 check 
bits) . In all configurations the device makes the error syn­
drome available on separate outputs for data logging . 
The unit includes two diagnostic modes in which 
diagnostic data can be forced into portions of the device 
to simplify device testing and to execute system 
diagnostic functions . 

Sixteen bits of data are loaded into the data input latch 
from the bidirectional DAT A lines under control of the 
latch enable input. Depending on the control mode , the 
input data is either used for check bit generation or error 
detection / correction . 

In both EDC modes , the syndrome generation logic 
block compares the check bits read in from memory 
against a newly generated set of check bits produced for 

(continued on page 180) 
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More ways to get into bubble memory. 
And get more out of it. From Texas Instruments. 
Tl's eight years of experience in bubble 
memory design and production have 
provided keen insights into customer 
design requirements. 

So, it makes sense that only TI, the 
leader in bubble memory technology 
and products, can offer you more make­
or-buy choices for more ways to get into 
the industry's fastest-growing 
technology. 

It all comes down to a special sen­
sitivity to our customer's needs - no 
matter what your application, level of 
sophistication or volume - if you want 
to get more out of bubble memory tech­
nology - talk to Texas Instruments. 

Add-in systems 
For direct plug-in to most popular mi­
crocomputer buses, including Tl's 
TM990 bus. Fully tested, fully as­
sembled systems with capacities rang­
ing from llK to 1024K bytes. All with 
associated support circuitry on board. 

Prototyping boards 
TI supplies the assembled bubble mem­
ory and support circuitry - you proto­
type the interface to your own system 
- then, when you're ready for volume 
production, you can build your own 
boards or have TI build to your 
specifications. 

MAGNETIC BUBBLE MEMORY DEVICES, KITS AND PROTOTYPING BOARDS 
CAPACITY (KILOBITS) DEVICE KIT PROTOTYPING BOARD 

92 TIB0203 TIBK091 TBB5990 
256 TIB0250 TIBK021 TBB5902 
512 TIB0500 TIBK051 TBB5905 
1024 TIB1000 TIBK101 TBB5910 

ADD-IN SYSTEMS 

BUS STRUCTURE SYSTEM CAPACITY (KILOBYTES) 

TM990 TM990/210 23 to 69 
TM990 TM990/211 128 to 1024 

STD TBB7090/91 11to104 
OEM (9900,8080, Z80) TBB5005 64 
OEM (9900 , 8080, Z80) TBB5010 128 

LSl-11t MBC11* 46 to 736 
MULTIBUS* MBB80* 92 

S-100 MBB100* 46 to 736 

SOFTWARE 

TM990i431 Interactive monitor to test and demo TM990i210 
TM990i 453 Power Basic with file management for TM990/210 

*Available from Bubbl-tec Div of PCM , Inc., 6800 Sierra Court , Dublin , CA 94566 (415) 829-8705 
tTrademark of Digital Equipment Corp. 
Hrademark of Intel Corp 

Kits and components 
Design your own non-volatile memory 
system for your own production. Less 
than $100** buys you a 92K bubble mem­
ory kit in unit lots of 1,000, complete 
with all the support circuitry, including 
the custom controller. Tl's 92K, 256K, 
512 Kand 1-million bit bubble memory 
components help optimize cost­
effectiveness. Because you buy only as 
much memory as you need. Only when 
you need it. 

Support, support, support 
No matter which route you take. 
Everything from fully documented 
user's manuals to development 
software to a learning-intensive Ad­
vanced Technology Seminar at either of 
our Regional Technology Centers. And, 
for technical design help, there's our 
bubble memory applications lab. 

Continuing commitment 
Tu innovative, cost/performance effec­
tive bubble memory technology. For a 
full line of standard or custom products. 
And, for more choices. 

For details, send for our newly up­
dated brochure, CL-473A. Contact 
your nearest Texas Instruments field 
sales office or authorized ~ 
distributor. Or write •n 
Texas Instruments, Box U/ 
225012, M/S 308, Dallas, 
Texas 75265. 

TEXAS INSTRUMENTS 
• • U.S. prices , subject to change without notice 
© 1981 Texas Instruments Incorporated INCORPORATED 
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Fig 3 Refresh and EDC controller. AmZ81 63 manages 
control bus interfa ce and provides control signals to 

the data read from memory. If both sets of check bits 
match , there are no errors . If there is a mismatch , then 
one or more of the data or check bits is in error. 

Syndrome bits are produced by an exclusive-OR of the 
two sets of check bits . If the two sets of check bits are 
identical (meaning there are no errors) , the syndrome bits 
will be all Os . If there are errors, the syndrome bits can be 
decoded to determine the number of errors and the bit 
that is in error. 

The refresh and EDC controller (Fig 3) , in conjunction 
with the microprocessor , manages the control bus inter­
face and provides control signals to the memory support 
devices including refresh timing , RAS control , and MUX 
SELECT and CAS inputs to the DMC. The device also con ­
trols the RAM WRITE enable and manages the direction 
and 3-state enable control of the multiple data bus buffers 
and the EDC unit. In addition , the device contains cir­
cuitry for error interrupt control and error logging control 
if the user desires these features in the system . 
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INTERRUPT 
ERROR 

INTERRUPT 
MULTIPLE ERROR 

iNTERROPT 
ACKNOWLEDGE 

memory support devi ces . Circuitry for error interrupt con ­
trol and error logging co ntrol is included 

AmZ8163 contains the AmZ8000 CPU status decode that 
determines if a memory cycle was intended . The internal 
arbiter monitors the refresh interval timer allowing 
memory refresh to occur when needed . The device has 
been designed so that asynchronous clocks can be in ­
volved with respect to the control bus and refresh. Thus , 
the arbiter eliminates metastable flipflop problems 
associated with asynchronous systems . 

Summary 

Proper memory control management can improve the 
mean time to failure of memory systems . By boosting 
memory reliability , two competitive advantages are ob­
tained . First , the system can run uninterrupted with either 
single soft errors or with the loss of one memory chip . 
Second , field maintenance costs can be reduced and ser­
vice, including replacement of faulty memory com­
ponents , can be scheduled on a regular basis. 
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Byte Erasable 16k-Bit EEPROM 
Offers 250-ns Access Time 

A 16 ,384-bit EEPROM that can be erased 
and reprogrammed on a byte basis 
operates from a 5-V power supply in the 
read mode. Writing and erasing , on a 
chip or byte basis , are accomplished by 
providing a single 21-V pulse . The 2816, 
from Intel Corp, 3065 Bowers Ave , 
Santa Clara, CA 95951 , with a fast read 
access speed , is compatible with high per­
formance microprocessors . Using the fast 
access speed allows zero wait operation in 
large system configurations . The electrical 
erase / write capability of the device 
makes it suitable for applications requiring 
insystem nonvolatile erase and write . 

Memory cells in the EEPROM rely on a 
mechanism called Fowler-Nordheim tun­
neling to write and erase data . EPROMs 
write by attracting electrons to a 
polysilicon floating gate and erase by 
dissipating them through exposure to 
ultraviolet light . The 2816 EEPROM erases 
as well as writes by electrically causing the 
electrons to tunnel across a thin layer (less 
than 200 A of silicon dioxide. At 
125 °C , the device will retain data for at 
least 20 years . The chip is fully static ; 
refreshing is never required regardless of 
read frequency . The standard chip has a 
worst-case access time of 250 ns , while 
the 2816-3 is rated at 350 ns , maximum , 
and the 2816-2 has a worst-case readout 
specification of 200 ns . 

Since the device is byte erasable , a 
single-byte program change can be ac­
complished 100 times faster than it can be 
done on a bulk erase part. Any of the 2k 
bytes can be erased and rewritten in 
20 ms. Rated for operation from 0 to 
70 °C, the low power device dissipates 
495 mW from the single 5-V supply . 

The device also features 2-line control , 
a system control function that has 
become essential in large high speed 
microcomputer systems ; 2-line control 
eliminates contentions between addresses 
and data on bus lines. The chip has 
separate output enable (OE) and chip 
enable (CE) pins that permit the 
microprocessor to control when it is 
enabled. 

Nonvolatile and fully static , the EEPROM 
can be reprogrammed electrically in the 
field , without removal from inservice 
equipment and also can be repro­
grammed remotely, via a radio or 
telephone link . This flexibility permits 
design engineers to realize applications 
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Intel ' s iAPX 86 / 2816 EEPROM read architec ture . EEPROM c ontains program informa­
tion required by microprocessor 

that were impossible to implement with 
!es~ flexible program store devices or 
were prohibitively expensive due to the 
high cost of downtime or labor incurred 
by the user when changing the program . 
Some potential uses are calibration con­
stants storage (continuous calibration) ; 
software alterable control stores (dynamic 
reconfiguration) ; remote communica­
tions programming ; PC and NC industrial 
applications ; CRT terminal configuration 
and custom graphic and font sets ; military 
replacements for core memory and fuse 
link P/ ROMs ; point of sale terminals ; 
remote alterable lookup tables ; printer 
and communications controllers ; and 
remote data gathering . 

In addition , the EEPROM comes in a 
24-pin package that conforms to the in­
dustry standard pinout for high density 
byte wide memories recently approved by 
the Joint Electron Device Engineering 
Council. By using the 2816 and printed 
circuit boards with 28-pin sockets , 
designers can be assured of future com­
patibility of microcomputer system 
memory components . 
Circle 44 1 on Inquiry Card 

Low Power 9-Channel 
Data Acquisition System 
Operates from Single Supply 

A recently announced monolithic , CMOS. 
9-channel , 8 -bit data acquisition system 
(DAS) operates from a single 5- to 15-V 
power supply and dissipates 0 .25 W of 
power , maximum . Manufactured by 
Analog Devices , Rte 1 Industrial Pk, Nor­
wood , MA 02062 , the DAS utilizes a 
patented integrating techn ique called 
quad-slope. Designated AD7583, it converts 
an addressed channel's analog input to an 
equivalent 8 -bit d igital word in 4 ms . It is 
designed for battery powered systems . 

AD7583 features relative accuracy , dif­
ferential nonlinearity, and zero and full 
scale accuracy of ± 1 count maximum . 
This accuracy is maintained over a supply 
range of 12 to 15 V and a temperature 
range of - 125 to 85 °C . The device 
offers TTL or CMOS compatibility , requires 
six passive components and two general 
purpose op amps for operation , and in ­
terfaces directly to microprocessors . 

(co ntinued o n page 184) 
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Ask the people 
who made your system. 

Maxell Floppy Disks are either expressly specified or recom­
mended by many major disk drive manufacturers. We're also 
relied upon by a growing number of 8" and 5%" Floppy Sys­
tem owners. They find our Floppy Disks do everything possible 
to bring out the maximum performance of their systems. And 
they find our disks do this consistently. 
Are we better than others? Will a box of ten Maxell Disks 
always contain ten disks that produce high performance 

results every time? We think so. We certify each one. We 
maintain extraordinary quality control. So they all meet or 
exceed the most critical industry standards. 
But please ask the manufacturer of your system to double 
check our recommendation. See your computer products 
supplier. Or write to us for more information. We recommend 
dealers write to us about the opportunities Maxell Business 
Products off er. 

maxell. 
BUSINESS PRODUCTS DIVISION 

Maxell Corporation of America, Business Products Division, 60 Oxford Drive, Moonachie, N.J. 07074 Tel : (201) 440-8020 
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Designed for remote data acqu1s1-
tion applications requiring battery opera­
tion , the 8-bit accurate device may be ap­
plied in seismic measurements, 
oceanographic and weather balloon 
research , or anywhere remote data log­
ging is required . Other applications 
include process control and, with 
12-V operation , automotive data ac­
quisition . 

The ADC does not respond to analog 
inputs less than 0 .15 or greater than 0 .85 
of the reference voltage . This is an advan­
tage in single-supply applications, since 
buffer amplifiers driving the analog inputs 
can be connected to the same power 
supply . It also facilitates connection to 
ratiometric transducers whose zero out­
put may not be at true zero . 
Circle 442 on Inquiry Card 

D. s. Donaldson 
Keytop 

Engraving 
KEYTOPS 

SWITCH CAPS 

• Cut weeks, months off 
traditional keytop production 
needs 

•Eliminate tooling and molds for 
short production runs 

•Match your key character size, 
style and placement 

• Buy only what you need; don't 
discard "profit dollars" 

Find our how D . S . Donaldson 
Engraving can meet your 
specialized keytop needs. Call 
215-441-5577 for sample 
keytops and brochure that 
illustrates our keytop engraving 
capabilities. 

-D. S. Donaldson Keytop Engraving 
4 18 Caredean Dr. Horsham, PA 19044 

215-441-5577 
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16k-ROM Is Fully 
Compatible with Bipolar 
P/ROMs 

A high speed 16,384-bit static mask pro­
grammable ROM, organized 2048 words 
by 8 bits , is designed to be pin compatible 
with industry standard 16k bipolar 
P/ ROMs, eg, 3636 or 825191. The ROM 
eliminates the need to redesign printed 
circuit boards for volume production after 
prototyping with P/ ROMs. SY3316 offers 
full TIL compatibility on all inputs and 
outputs and operates on a single 5-V 
power supply. The 3-state output buffers 
facilitate system expansion by allowing 
outputs to be wire-ORed together . These 
features , combined with a maximum ac­
cess time of 80 ns, make the device 
suitable for applications where high 

GND 

ROW 
DECODER 
(1OF128) 

Gate Array Pair 

16,384-BIT 
ROM 

CELL ARRAY 

Have In-House Design 
And Fabrication 

1 

Two CMOS gate array devices have been 
introduced by Semi Processes Inc , 1885 
Norman Ave, Santa Clara , CA 95050 . 
SP7010 is a 1000-gate device with 500 
device cells arranged in an array of 25 
rows by 20 columns, 40 output driver 
pairs , and 76 bonding pads . SP7005 has 
544 gates , 272 cells arranged in a 17-row 
by 16-column array , with 30 output 
driver pairs and 56 bonding pads. Each 
output driver on the chip can drive two 
standard TIL loads, or 3-state or CMOS 

performance , large bit storage , and 
simple interface are important design 
considerations. 

Manufactured by Synertek Inc, PO 
Box 552, Santa Clara , CA 95052, the 
device utilizes fully static circuitry and 
operates asynchronously so that no 
clocks are required . The three chip select 
buffers are mask programmable to be any 
combination of high active , low active , or 
don't care that is desired. This allows up 
to eight ROMs to be OR-tied without exter­
nal decoding . 

Fabricated using scaled , high perfor­
mance N-channel MOS technology, in 
combination with innovative design 
techniques, the device provides the high 
performance and ease of use features 
associated with nonclocked static 
memories. 

Circle 443 on Inquiry Card 

Block diagram of 
Synertek SY331 6 
high speed ROM . 16k 
bipolar P/ROMs are ac­
cepted as program 
data inputs . 3 -state 
outputs allow wire-OR 
expansion 

devices . With 80% utilization , the SP7010 
can accommodate 800 gates , the SP7005, 
435. 

Fabricated using a proprietary selective 
oxidation silicon gate CMOS process , the 
two metal mask programmable uncom­
mitted logic arrays provide designers and 
OEMs with manufacturing control , design 
flexibility , and quick turnaround . 
Customers can give the manufacturer 
design specifications, do the design 
themselves , or use the company's com­
puter aided design facilities to lay out the 
metal mask . According to company 
claim , functional device prototypes can 
be provided in 6 to 14 weeks and full pro­
duction runs soon thereafter . 
Circle 444 on Inquiry Card 
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Miproc-16 is 
the fastest 16-bit 
microcomputer card 
family available ancl has 
a compute-rate of 4 million 
instructions per second. 

INSTRUCTION POWER Up to 170 instructions including multiply/divide and bit 
manipulation give Miproc-16 formidable processing capability. 
16-BIT POWER 16-bit program words make programming easy. 16-bit data words 
maintain high precision in arithmetic operations. 
ADDRESSING POWER 16-bit dual memory architecture gives 65k words of 
directly addressable program memory and 65k words of data memory with 8 powerful 
address modes. 
INTERRUPT POWER Multilevel, priority vectored interrupt system handles 
context changes in less than 2 microseconds. 
1/0 POWER 256 directly addressable I/O channels with data I/Orates of up to 1. 7 
megabyte/a under program control, and up to 20 megabyte/a for DMA. 
IUGH SPEED PROCESSING POWER The unique dual memory architecture 
combines with high-speed Schottky TTL technology to execute most instructions in 
a single 250 nanosecond machine cycle. 
SOFI'WARE POWER Comprehensive package available which utilises the powerful 
facilities of the DEC PDP11 including cross-assembler, PL Miproc high level assembly 
language and a full Coral package. And soon a disk-operating system with PASCAL. 

HARDWARE POWER Comprehensive range of processor, memory and interface 
cards backed up by sophisticated hardware development aids. 
RUGGEDIZED POWER Miproc can be configured to meet any known 
military specification. 
FLOATING POINT POWER Ultrafast hardware, floating point add-on . 

•
. PLESSEY 

MICROSYSTEMS 

Available as standard 
commercial or lull military 
systems. 

Commercial Miproc is 
adaptable for various con­
figurations and caters for 
up to three Miproc CPUs. 

Military Miproc in a 
1-ATR conduction-cooled 
chassis to MIL-E spec givea 
up to 3.3 million instruc- · 
tions a second, and un­
rivalled cost/performance. 

Plessey Microsystems Inc, 19546 Clubhouse Road, Gaithersburg. Maryland 20760 Telephone: (301) 948 2791 TWX: 710 828 9708 
1641 Kaiser Avenue, Irvine, California 92714 Telephone: (714.) 540 9931 TWX: 910 5951930 

France: Paris (01) 776 43 34 Holland: Noordwijk 0171919207 Germany: Munich (089) 23 62 270 
Japan: Eiji Kitahara. Tokyo 244 3782 UK: Towcester (0327) 50312. 

~065420122 
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Buffered 18-Bit Hybrid DAC 
Offers 16-Bit Linearity 

An 18-bit DAC with true 16-bit (0 .0008 % ) 
linearity , complete with storage registers , 
internal reference , and output amplifier , 
has been announced by Hybrid Systems 
Corp , Crosby Dr , Bedford Research Pk , 
Bedford , MA 01730 . A single proprietary 
mo nolithic chip , in a hermetic 28-pin DIP , 
contains switches , storage registers , and 
other electronics for high resolution and 
low linearity error . TTL/ DTL and CMOS 
compatibility , combined with low power 
dissipation , makes the DAC377 well suited 
for high resolution data conversion . 

16-bit linearity has been attained by us­
ing an internal digital decoding tech ­
n ique , realized on a proprietary LSI chip , 
with a single-chip laser trimmed resistor 
network. Input registers are composed of 
three independent segments (two 8 -bit 
and one 2 -bit) with level triggered latches 
to provide compatibility with micropro­
cessor data bus interfaces . The DAC 
dissipates less than 450 mW . 

DAC377B0 -18 operates over 55 to 
125 °C and is screened to the re­
quirements of MIL-STD-883, Method 5008. 
DAC377C-18 operates over 0 to 85 ° C . 
Linearity and gain drifts are ± 1 ppm / ° C 
FSR and ± 2 ppm/ ° C FSF , respectively , 
providing stability over the entire tem­
perature range . Input coding is binary for 
unipolar operation , and offset binary for 
bipolar operatio n . 

The propagation time of the DAC's in ­
put buffering circuits introduces a skewing 
of the digital data reaching the bit 
switches . The skewing causes the bit 
switches to operate asynchronously with 
each data change , producing an increase 
in the settling time , 1 to 2 µs , and large 
glitches . Dynamic performance of the 
DAC can be improved by .using the inter­
nal latches on these units . The latches are 
located after the input buffer circuits and 
just before the bit switches . When cor­
rectly strobed , the latches present a data 
change to the bit switches in a syn­
chrono us manner . The latches should be 
closed while the inp ut data is changing 
and propagating through the buffers . 
After the digital data has settled , the latch 
is loaded and the "new" data is trans­
ferred to the switches synchronously . The 
latch is then closed and is ready for the 
next data update . 
Circle 445 on Inquiry Card 
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CMOS Gate Arrays 
Second Sourced 
For Semicustom Market 

Designated NC5 100. NC5150. NC5200 and 
NC5350, a line of semicustom gate array 
devices provides a direct second source 
for the Master Logic MLl OO through ML350 
devices . All products will be processed 
using metal gate CMOS technology , pro­
viding low power consumption , broad 
power supply range , and high noise im­
munity . 

The devices range in complexity from 
100 equivalent 2-input gates to 200 
equivalent 2 -input gates with 32 flipflops . 
They are a compromise between stan­
dard SSl/MSI circuits and full custom 
designed devices . 

Nitron Inc , 10420 Bubb Rd , Cuper­
tino , CA 95014 , offers engineering and 
production support for its semicustom 
products. Pre-layout engineering consists 
of the processing of the first five layers of 
the wafer . Then , with a customer 
supplied layout of the sixth layer (the 
metal mask), the company completes the 
wafer processing . Prototypes of the 
customer's product are then supplied , 
and production quantities are manufac­
tured. 

Primary applications for the new 
devices will be as replacements for 
discrete logic implementation . In such ap­
plications , parts count should be reduced 
and reliability increased . The company's 
gate array products will be offered in stan ­
dard plastic and ceramic dual -inline 
packages . 
Circ le 446 on Inquiry Card 

Digital Multimeter IC 
Operates with Only 
8 Components 

A recently introduced digital multimeter 
IC, the ZN450, requires only eight external 
passive components for operation . Its 
versatility makes it suitable for a variety of 
measurement applications , such as 
voltage , current , resistance , weight , and 
temperature . The monolithic chip uses a 
delta -sigma modulation technique that 
not only ensures linearity but permits im­
plementation of an auto-zero method that 
guarantees zero reading for 0-V input . 
The auto -zero function is completely 
digital in operation , eliminating the need 
for a capacitor to store error voltage. 

The device , from Ferranti Electric Inc , 
Commack , NY 11725 , needs no external 
active circuits and co nsumes less than 
25 mW of power. Operating temperature 
range is 0 to 70 °C. 
Circ le 44 7 on Inquiry Card 

Active Filter Use Seen 
For Three Quad 
Programmable Op Amps 

Designed for use in active filter applica­
tions , three recently announced quad 
programmable operational amplifiers re ­
quire no latchup , have built-in short cir­
cuit protection , and are fully program­
mable over a 100 : 1 current range . 
Designated TAB 1042 . / 43 . and / 44. the 
three devices will operate at supply 
voltages ranging from 1.5 to 12 V and 
are available from Plessey Semiconduc­
tors , 1641 Kaiser Ave , Irvine , CA 92714 . 

TAB 1042 and / 44 are programmed by 
current to a common bias pin . However , 
the / 44 has an exceptionally high short 
circuit current rating , which makes it ideal 
for driving high capacity loads . Although 
they both have excellent bandwidth 
characteristics , the / 42 can be used to 
tailor bandwidth . Both can be used for 
battery powered applications because of 
their low power drain . 

TAB 1043 is programmed through the 
use of two bias supply pins . It also allows 
users to program the first three linear 
amps with one voltage source , and the 
fourth linear amp with a different supply 
voltage . The / 43 offers greater flexibility 
because the final amplifier in this IC can be 
programmed independently of the other 
three . 
Circ le 448 on Inquiry Card 

Low Power 
1024-Word by 4-Bit 
Static RAMs Announced 

A pair of 1024-word by 4 -bit silico n o n 
sapphire CMOS static RAMs , designed for 
use in memory systems where lo w 
standby po wer , low operating power, 
and simplicity of use are desirable , have 
been announced by RCA/ Solid State Div , 
Rte 202 , Somerville , NJ 08876 . The 
RAMs , designated CDP1 825 and CDP1 825C, 
have a common data input and output 
and an extended temperature range o f 
-40 to 85 ° C . 

Both fully static devices operate from a 
single power supply with a memory 
retention for standby battery voltage as 
low as 2 V , minimum. CD1825 operates 
from 4 to 10 .5 V . The range for CD 1825C 
is 4 to 6 .5 V . Supplied in 18-lead 
hermetic , d ual - inline side bra zed 
packages and in 18-lead dual -inlin e 
plastic packages , the RAMs have industry 
standard 1024 x 4 pino uts . 
Circ le 449 on Inqu iry Card 
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AnotherlSC 
breakthrough: 
Affordable dot 
addressable 
color graphics. 

Introducing the world's lowest priced 
high resolution color graphics. 
Now high prices don't have to keep you from high 
performance graphics. ISC's new 8000 Series " I" 
terminals and desktop computers display color 
vectors and arcs with full-screen , 480 x 384 indi­
vidual dot precision -note the close-up photo 
above. Impressive? With terminals starting at a 
quantity 100 price of $3 ,355, try incredible. 

Intelligent systems Corp. ~ 

For any application requiring critical picture 
definition. 
ISC's new " I" series is suited for process control, 
energy management, MIS -virtually any appli­
cation needing sophisticated color graphics. 
Available in contemporary or industrial cabinets, 
each model features an 80 cpl by 48-line char­
acter format and RS-232C interface. Individual 
dots displayed in any of 8 colors can shade to a 
wide spectrum of color combinations. 

ISC's " I" series desktop computers include 
File Control System Disk BASIC, 8K to 24K 
RAM, and SOK to 26-Megabyte disk. OEM prices 
start at $4,635, quantity 100. 

With ISC's new " I" series, you can now get 
dot addressable color graphics for a third less 
than anything else on the market. And we in­
clude the keyboard! See for yourself why ISC is 
the world 's largest manufacturer of color graphics 
systems -call 800-241-4310 for the name of your 
nearest ISC rep. 
Note to current 8001G users: You can easily add ISC's dot 
addressable option to your unit. This is the kind of upward 
compatible growth you can expect from ISC! Consult our 
customer service department for complete details. 
' Per unit . Single evaluation units sold on cash-with-order terms. Limit one 
per customer. Orders must be rece ived by February 1, 1981 . 30-day del iv­
ery from factory. U.S. domestic prices . Unretouched photos of screens . 

Color Communicates BettersM 

__ ._.. lntecolor Drive • 225 Technology Park/Atlanta • Norcross. Georgia 30092 • Telephone 404/449-5961•TWX810-766-1581 

CIRCLE 101 ON INQUIRY CARD 



12-Bit A-0 Converter 
Is Guaranteed over 
Full Temperature Range 
Guaranteed at ± 1/ 2 LSB maximum 
nonlinearity , and differential nonlinearity 
over 0 to 75 °C for the commercial ver­
sion or - 55 to 125 °C for the military 
version , the Hl -5712A, from H arris 
Semiconductor Products Div , PO Box 
833 , Melbourne , FL 32901 , features a 
10 µs maximum conversion time and a 
gain tempco of 15 ppm / 0 C. A lower 
priced version , the Hl-5712, is available for 
less critical applications. Except for 
temperature characteristics , the two ADCs 
are virtually identical; Hl -5712 has a gain 
tempco of 25 ppm/ °C and a guaranteed 
nonlinearity and differential nonlinearity 
of ± 1/2 LSB at 25 °C . 

Both devices can be software pro­
grammed to operate as 10-, 8- , or 6 -bit 
converters with a corresponding reduc­
tion in conversion time . A flexible inter­
face is provided for 8-, 12-, and 16-bit 
systems via the chip select line and the 
word length control pins . In addition , 
both will accept either unipolar or bipolar 
inputs , are compatible with DTL . TTL. and 
CMOS levels , offer serial and 3-state 
parallel outputs, and can furnish either 
binary or 2 's complement binary output 
codes . 

Fabricated using leadless chip carrier 
hybrid technology and assembled to both 
sides of a multilayer ceramic substrate 

20-V 10-V BIPOLAR 
FS FS OFFSET 

which is part of the 40-pin DIP , the con ­
verters consist of eleven 0.02 -µF 
decoupling capacitors and six hermeti­
cally sealed integrated circuits . The cir­
cuits comprise a laser trimmed 12-bit 
digital to analog converter, a 12-bit suc­
cessive approximation register with 
3-state latches , a precision 10-V voltage 
reference, a high speed comparator , a 
wide band operational amplifier , and a 
timing network. The onboard clock and 
reference can be overridden by external 
sources if required for special applica­
tions . 

Designed to handle full-scale inputs of 
either 10 or 20 V in the unipolar mode or 
± 5 and ± 10 V in the bipolar mode , the 
devices are suitable for applications in 
multichannel data acquisition, military , 
status monitoring, process control , 
medical monitoring , and instrumentation 
systems. M!L-STD -883 class B and high 
reliability commercial grades are 
available. 

Circle 450 on Inquiry Card 

Programmable Array 
Logic Devices Perform 
Arithmetic Operations 

Latest members of the programmable ar­
ray logic (PAL) Series 20 fa mily from 
Monolithic Memories Inc , 1165 E Arques 

VREF VREF VREF 
IN OUT SENSE 
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Ave , Sunnyvale, CA 94086 , can per­
form arithmetic functions such as add , 
subtract , greater than , less than , between 
limits , and equality. In combination with 
other members of the family , the PAL16X4 
and PAL16A4 arithmetic PALS can replace 
5400/7400 series TTL level functions , 
thereby reducing chip count and simplify­
ing board layouts. 

Exclusive-OR gates and gated feedback 
allow the devices to perform counting 
and logic functions without consuming an 
excessive number of product terms . The 
additional feature of a dedicated parallel 
carry in the PAL16A4 makes possible 
parallel addition and subtraction . 

Arithmetic PALs are seen as basic 
building blocks for data path functions in 
computer architecture that requires 
arithmetic operations . Applications in ­
clude 4-bit up / down counters with shift , 
program counters , and between limits 
comparators . PAL16A4 is ideally suited as 
an ALU with accumulator . 

Propagation delay time of the 
arithmetic PALs is 40 ns maximum , 
specified over the voltage and tempera ­
ture range . Clocked to output delay time 
is 25 ns maximum , also over the specified 
range . 

The arithmetic PALS are fabricated with 
the company's advanced Schottky TTL 
process and bipolar P/ ROM fusible link 
technology . They are housed in 20-pin 
SKINNYDIP packages . 
Circle 451 on Inquiry Card 
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MDB makes the only 
foundation module for Multibus* 
that requires just one card slot. 

Imagine what else we can do! 
If you've never been excited about a foundation 
module before, now's the time. MDB offers the 
industry's first module for use with Intel 16 and 
8 bit single board computers. It gives low cost 
Multibus-to-peripheral interface with complete 
address and interrupt logic, standard Intel board 
spacing and room for up to 38 sockets or IC devices 
of any size on the wire wrap portion of the board. 
Because all wire wrap pins and components are 
on the same side of the board, the module requires 
only one card slot. And it takes any configuration 
DIP package and provides three 50-pin edge con­
nector positions . In addition, MDB makes a pure 
wire wrap general purpose module in a single slot 
configuration which has space for 60 IC positions . 
This is the kind of flexibility a logic designer 
dreams about. 

*Trademark Intel Corp. **Trademark Digital Equipment Corp. 

Circle 102 for Intel, 103 for LSl-11, 104 for PDP-11, 
105 for DG, 106 for PE, 107 for IBM. 

If you're not an Intel user, you can still get 
MDB design flexibility-in single slot bus founda­
tion and wire wrap modules for PDP**-11, LSI**-11, 
Data General and Perkin-Elmer computers and 
wire wrap boards for IBM Series/1. Even the dedi­
cated portions of these modules are application 
adaptable in that they allow a change of functionality 
by the use of wire wrap pins. 

What else can MDB do for you? Look at our 
line printer controllers. We offer more than 100 
computer/printer combinations. If you need com­
munications modules, interprocessor links, multi­
plexors and PROM boards, we've got them all with 
the built-in quality MDB is famous for. 

MDB interface products are warranteed for 
a full year; most can be delivered in 30 days or less, 
and you can buy them under GSA contract #GS-OOC-
02423. What can we do for you? 

[)13 
1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 

SYSTEMS INC. TWX: 910-593-1339 



A~OUNO THE IC LOOP 

2048 x 8-Bit 
Multiplexed Bus ROM 
Is Mask Programmable 

Designed for use in multiplex bus 
systems, a CMOS mask programmable 
byte organized ROM shares address and 
data lines and is therefore compatible 
with most CMOS microprocessors . The 
MCM65516, from Motorola Semiconductor 
Prod ucts Inc , 3501 Ed Bluestein Blvd , 
Austin , TX 78721 , is organized as 2048 
bytes of 8 bits. The multiplexed bus 
design allows a reduction in the package 
size from 24 pins (used in standard NMOS 
ROMs) to 18 p ins . Fewer external bus lines 
and the smaller package size mean higher 
board packing density . 

CMOS microprocessor compatibility is 
enhanced by pins 13 , 14, 16 , and 17 , 
which give the user the versatility of 

0 

selecting active levels . Pin 17 allo ws the 
user to choose between high . active low , 
or a third option of programming which is 
termed the MOTEL mode . If this mode is 
selected by the user , it provides direct 
compatibility with either the Motorola 
MC146805E2 or Intel 8085 microprocessor 
series . In the MOTEL operation the ROM 
can accept either polarity signal on the 
data strobe input as long as the signal 
toggles during the cycle . 

The ROM is designed for low active and 
low standby currents . An active power 
dissipation of 150 mW (at Vee = 5 V , 
freq = 1 MHz) and a standby power of 
250 µW (at V cc = 5 V) mean low power 
for battery operation . Typical access time 
of the ROM is 280 ns , making it acceptable 
for operation with existing CMO S 
microprocessors. 

Circ le 45 2 on Inquiry Card 
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Bipolar Logic Chip 
Capable of System/370 
Data Flow Rate 

An experimental 5000 circuit bipolar 
logic chip , claimed to be capable of the 
data flow of a System / 370 Model 138 pro­
cessor , has been developed by !BM Corp, 
Data Systems Div , East Fishkill , Rte 52 , 
Hopewell Junction, NY 12533 . Most of 
the chip's manufacturing processes are 
identical to those used for the 704 circuit 
transistor-transistor logic (TIL) and 1500 
circuit Schottky current switch logic chips 
used in System/ 38 and 4300 series pro­
cessors . The chip has an epitaxial layer , 
recessed oxide isolation , and three levels 
of metal. To facilitate manufacturing turn ­
around , a master slice or gate array 
technique was employed. 

Speed of the circuit is 2 .2 ns , but it is 
more conservatively clocked at 4 ns . This 
enables a machine cycle time of 100 ns , 
the approximate performance rating of a 
System/ 370 Model 138. 

The 7-mm 2 chip contains 45 ,000 com­
ponents organized into 4 705 internal cir­
cuits and 218 offchip drivers and 
receivers . A total of 5.8 m of wiring inter­
connect the chip 's circuit elements , com­
pared with the 2 . 2 m of wiring used to 
connect components required by the 704 
circuit chips found in the developer's cur­
rent products . The chip dissipates 2 .3 W , 
of which 1.6 W are consumed by the in­
ternal circuitry . All but 68 of the 11 ,000 
connections were made with the 
automatic placement and wmng pro­
grams of the company's engineering 
design system . 

System/ 370 architecture requires many 
active registers that could not fit on the 
chip , so a high speed, offchip local store 
is employed to contain the registers . The 
60-ns access time of this local store is 
compatible with the 100-ns machine 
cycle time because of the driving power of 
the bipolar circuits. A 54-bit read only 
storage (ROS) word controls four major 
system components: an 8 -bit arithmetic / 
logic unit , a 24-bit incrementer I decre ­
menter , ROS word sequencing , and a 
control for two offchip memories . 

A hardware forced microprogram 
entry system transfers control between 
microprograms on a microstop rather 
than on an instruction stop boundary . 
This facilitates the operation of very fast 
!/ O devices during the execution of some 
System /370 instructions requiring hun­
dreds of microinstructions . The same 
hardware can be expanded to solve such 
other difficut control programs as parity 
errors, push button interrup ts , and 
memory wrap . 
Circ le 453 on Inquiry Card 
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10 intelligent hard disc and 
magnetic tape controllers 
offer LSl-11: 11/2, 11/23, 
and PDP-11 * single quad slot 
compatibility with up to 60% power saving. 

Only DILOG (Distributed Logic Corporation) exclusive 
automated design, common proprietary architecture and 
sophisticated bipolar µPs give you • all single board quad 
size products requiring no external power or chassis . , . 
just a cable to connect the drive .. . you don't need anything 
else• high reliability • automated self-test including data 
base protect feature and indicator. And at cost savings of 
50% or more. 

LSl-11 MAGNETIC TAPE CONTROLLER, Model 
DO 120, interfaces 4 industry standard reel-tcrreel drives 
•emulates TM11 *•handles 7 and/or 9 track NRZI drives 
to 112.5 ips •selectable DEC or IBM byte order formatting 
•data error checking• RT-11/RSX-11 *compatible 
• extended addressing to 128K words. 

LSl-11 MAGNETIC TAPE COUPLER, Model DO 
130, interfaces dual density (NRZl/PE) formatted drives 
•emulates TM11 •handles up to eight 9 track 800/1600 
bpi industry standard drives at speeds from 12.5to125 ips 
• "streamer" mode capability• software or switch selec­
table density• RT-11/RSX-11 software compatibility. 

LSl-11 MASS STORAGE DISC CONTROLLER, 

LSl-11 DISC CONTROLLER, 
Model DO 100, interfaces 2.5, 5, 10 

••• or 20 MB cartridge and fixed platter 
drives in combinations to 80 MB 

• RKV-11/RK05* emulator• handles front load (2315) and/or 
top load (5440) drives • automatic power fail/power down 
media protection• RT-11/RSX-11 compatible. 

LSl·11 EMULATING MASS STORAGE 
CONTROLLER, Model DO 202. Cost effective interface of 
two 8and/or14-inch Winchesters, SMD or CMD hard disc 
drives without changing controller ... 8 to 300 MB capacity 
• RP emulator • automatic media flaw compensation. 

PDP-11 MAGNETIC TAPE CONTROLLER, Model 
DU 120, emulates TM-11 and has same features as MOdel 
DO 120 (LSI unit)• software compatible with RT-11, RSX-11, 
RSTS, IAS and MUMPS. 

PDP-11 MAGNETIC TAPE COUPLER, Model , 
DU 130, offers features of Model DO 130 (LSI unit)• RT-11, 
RSX-11, RSTS, IAS and MUMPS software compatible. 

PDP-11 DISC CONTROLLER, Model DU 100 includes 
features of Model DO 100 (LSI unit)• RT-11, RSX-11, RSTS, 
IAS and MUMPS compatible• emulates RK-11. 

PDP-11 EMULATING MASS STORAGE 
CONTROLLER, Model DU 202, offers same features as 
Model DO 202 (LSI unit). , 

Model DO 200, interfaces any two SMD flat cable inter-~~"==•rr=='"vJI 
Write or call for detailed product performance 

information, OEM quantity pricing, stock to 30 day 
delivery or warranty data on these DEC 11 
compatible products . .. or several soon to be 
announced new DILOG products. 

face compatible hard disc drives for up to 500 MB 
on-line storage • mix or match compatible 
Winchester, SMD or CMD •variable sector 
size • automatic media flaw compensation 
with bad sector flagging • optimized logical 
to physical unit mapping • implements 
Winchester fixed head option. 

LSl-11 SHUGART SA4000 
WINCHESTER DISC CONTROLLER, 
Model DO 201, emulates DEC RK* 
• runs drivers under RT-11 and 
RSX-11 M * systems 
• compatible 
with 14.5 MB SA4004 or 29 MB 
SA4008 drives• automatic 
media flaw compensation. 

*Trademark Digital Equipment Corp. 

CIRCLE 108 ON INQUIRY CARD 

Distributed Logic Corp., 12800-G Garden 
Grove Blvd., Garden Grove, CA 9264:5 

Phone(714)534-8950 
Telex: 681399 DILOG GGVE 

DI 5TR IBUTED 

~Rnmm1111111i1i1~1; 

Alf DILOG µP Products 
are Low Power, Quad Size 
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IUE's 
Power Suppljes 
To The 

·" Rescue 

·1 .. • .. ,: ""' 

If it's high quality you need, more watt 
hours per dollar, delivery you can count on 
and application assistance that is second 
to none, then it's "NJE to the rescue". 
And we've got the industry's most reliable 
power supplies because we only use the 
finest components, latest manufacturing 
techinques and have a series of quality 
control inspection points that warantee 
the quality you need ... THAT'S HY ALL 
OUR POWER SUPPLIES ARE GUARAN­
TEED FOR FIVE YEARS. 
We've got a new catalog and a knowledge­
able sales engineering team who are an­
xious to serve you. 
Call or write for immediate assistance. 

NJ E P.O. Box 50, Dayton, N.J. 08810 
(201) 329-4611 - TWX 710-480-5674 
A DIVISION OF TECHNOLOGY 
DEVELOPMENT CORP. 

192 CIRCLE 109 ON INQUIRY CARD 

A~OUNO THE IC LOO? 

Price of 8-Bit ADCs Reduced- Reduc­
tions of 30 to 45 % in price on their line of 
8-bit high accuracy AOCs has been an­
nounced by National Semiconductor , 
2900 Semiconductor Dr, Santa Clara , 
CA 95051. The reductions apply to 
AOC0801. AOC0802 . and AOC0803 single­
differential converters and AOC0808 and 
AOC0816 converters with 8-channel MUX . 

Two Single-Chip Microcomputers 
Reduced in Price by 58 % - Prices of 
two piggyback microcomputers , the 
MK38P70/ 02 and MK39P37 / 02, have been 
dropped by 58 % (without EPROMs). The 
MK38P70/ 02 uses standard EPROMs and 
can emulate all 3870 microcomputers 
from lk-bytes to 4k-bytes of ROM . Also 
using standard EPROMs, the MK39P73 has a 
hardware USART and emulates all of the 
company's 3873 single-chip microcom­
puters. Both devices are available from 
Mostek Corp, 1215 W Crosby Rd , Car­
rollton, TX 75006 . 
Circle 454 on Inquiry Card 

High Speed Latch Is Compatible 
with Intel 3404- A high speed latch is 
functionally identical to and pin for pin 
compatible with Intel's 3404. The 8T3404 
from Signetics Corp , 811 E Arques Ave , 
Sunnyvale , CA 94086 , is designed 
primarily as a memory address register or 
data register , but can be used in any high 
performance storage application . Split 
controls allow for minimum package 
count in various word length systems . 
The data to output delay is 12 ns over 0 
to 75 °C. 
Circle 455 on Inquiry Card 

2k x 8 CMOS RAM Is Pin Compatible 
with Byte Organized EPROMs - Offer­
ing HMOS speed , NMOS bit density and 
CMOS power dissipation , the HM6116 2k x 
8 CMOS RAM is pin compatible with byte 
organized industry standard EPROMs. The 
unit has an access time of 120 ns , an 
operating power dissipation of 180 mW , 
and a standby power dissipation of 
100 µW . It is available from Hitachi 
America Ltd, 1800 Bering Dr , San Jose , 
CA 95112 . 
Circle 456 on Inquiry Card 

4k Static RAM Second Source 
Replacement Uses 20 % Less 
Power- A second source replacement 
for the 2148 4k static RAM is pin and func­
tion compatible with the original device , 
yet uses 20% less power. 02148-3, from 
Intersil Inc , 10710 N Tantau Ave , Cuper­
tino , CA 95014 , is rated at 140-mA ac­
tive current and 30-mA standby . Two 
versions of the device are offered . The 
02148-3 has an access time of 55 ns , while 
02148 has an access time of 70 ns . D 
Circle 45 7 on Inquiry Card 
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PRODUCT FEATURE 

Single-Board Controller Handles 

Discs Complying with ANSI X3T9.3 Interface 

The single-board Multibus com­
patible woe 2880 controls up to 
eight 8" Winchester disc drives 
complying with the ANSI X3T9.3 in­
terface specification that is ex­
pected to become industry stan­
dard for 8" Winchester drives. 
The X3T9.3 interface has been in­
corporated into disc products hav­
ing capacities of from 1 OM to 
60M bytes/unit from manufac­
turers that include BASF, Priam, 
and 3M. 

Based on the 8X300 bipolar 
microprocessor from Signetics, 
the intelligent firmware driven 
controller manufactured by Inter­
phase Corp uses the same basic 
architecture as the company's 
other hard disc controllers. The 
8X300 acts as controlling device 
for all Multibus and disc activities, 
resulting in a design that requires 
only 62 ICs on a double-sided (not 
multilayer) board for exceptional 
reliability and low cost while re­
taining impressive performance 
characteristics. The controller 
uses a memory based 110 

parameter block in combination 
with four switch selectable 110 

registers to implement the mass 
memory interface. 

Functional Operation 

The controller has an 8- and 
1 6-bit wide data bus, dynamically 
selectable under software control, 
and 20-bit address bus. During 
data transfers it operates as a true 
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Multibus bus master an.d uses a 
variable burst length (from 1 to 
2 56 bytes or words per burst) 
DMA to move data to or from 
anywhere in Multibus memory at 
maximum data rates to its on­
board full -sector buffer. Sector 
size is selectable by onboard op­
tion switches. 

During a sector write operation, 
the controller moves data into the 
sector buffer and adds the error 
correction code, locates the 
proper sector of the proper track 
of the proper surface of the proper 
disc unit, and finally writes the 
data plus ECC onto the disc . 
During sector read, the proper 
sector/track, surface/unit is 
located and data plus ECC are read 

into the sector buffer. The con­
troller then checks data for va­
lidity (using the ECC code) and, if 
valid, moves them to the specified 
Multibus memory. If an error is 
detected, the controller decides 
whether to pass data through the 
ECC or to wait one revolution and 
try again. Automatic error re­
covery procedures include up to 
eight rotational retries per pass 
and up to five disc restores and 
reseeks. Hard errors up to 11 bits 
long can be recovered using the 
ECC hardware. Nu invalid data are 
passed to the Multibus, and no 
bus time is used for error 
recovery. 

Multisector reads and writes are 
handled automatically, and the 
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sectors are interleaved to optimize 
data throughput. Track and sur­
face boundaries can be over­
lapped by a multisector transac­
tion with all implied seeks handled 
by the controller. Comprehensive 
diagnostic error reporting is pro­
vided when a transaction cannot 
be successfully completed. 

Additional Features 

A bad track mapping feature 
allows users to map a track with a 
hard error to a physically separate 
track (cylinder). Although all hard 
disc drives have a number of 
spare tracks intended to be used 
in this manner, most systems re­
quire the operating system to 
keep up with bad tracks; using 
this approach, the disc controller 
relieves the software operating 
system of that task. 

Addressing modes include both 
absolute and relative addressing 
of the full 20-bit Multibus address 
space. This makes it fully com­
patible with all features of both 
8 - and 1 6 -bit Multibus CPUs from 
Intel and others. 

The unit provides true over­
lapped seek capability. This 
allows for very high performance 
in multiple-drive systems having 
operating systems capable of 
overlapped seeks. 

Software drivers can be 
provided for standard operating 
systems such as CPM, ISIS II , MTOS 
80, and MTOS 86. Compatible CPUs 
include 80/ 1 o. 120, 130, 86/ 12 , and 
other single-board computers 
based on 8080, 8085, 8086, Z80, 
Z8000, and other devices. Two 
20-bit addressing modes support 
both 8080 and 8086 style address­
ing features. Both series and 
parallel bus contention logic en­
sures operation in system en­
vironments that include those of 
an Intel MDS or National Starplex 
development system. 

Price and Delivery 

Single-unit price for the WDC 2880 
is $1795. In quantities of 100, 
price is $ 1250/unit. Deliveries are 
30 days ARO. lnterphase Corp, 
13667 Floyd Circle, Dallas, TX 
75243. 
For additional information circle 
199 on inquiry card. 

Are your filtering problems "a real crime"? Do the culprits 
attack your: 

• Modems • Anti-Aliasing Circuits 
• Speech Processors • Array Processors 
• Sonobuoys • Spectrum Analyzers 

Will the following switched capacitor filter features solve 
your problem? 

• Small Size • Low Cost 
• Low Frequency Operation • Simple Implementation 
• Excellent Temperature Stability • Multiple Filters in One Package 

Use Reticon switched capacitor filters for your "crime" 
prevention program. 

• Lowpass 
• Highpass 
• Bandpass 

• Notch 
• Digitally Programmable 
• Customs • Any Active 

Configuration 
• Multiple Channels 

For information leading to the "arrest" and solution of your filter 
problems contact the world 's leader in switched capacitor filters . .. 

345 Potrero Avenue 
Sunnyvale, California 94086 
( 408) 738-4266 

For assistance call : Boston (61 7) 745-7400; Chi cago (312) 640-7713; 
Sa n Francisco (408) 738-4266; Tokyo , Japan 03-343-4411 ; 
Woki ngham, Berks, England (0734) 790772; 
Munich, Germany (089) 918061 
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PRODUCTS 

With life expectancy conservative ly rated at 50M to 1 OOM 
characters, t he disposable Micro-Nine TM printhead in the 
MX-80 is replaced as simply as changing a ribbon car­
tridge. Making a clear original plus two carbons, the printer 
offers a choice of 40 , 80, 
66, or 132 columns of 
printing in as many as 4 
distinct prin t ing density 
modes: standa rd , double 
(advance pape r 1 / 206th 
and repeat line) , empha­
sized (shift right and double 
strike), an d double em - -----­
phasized (combination of double and emphasized) . More 

Video Graphic Hard Copier Produces . . 

A fast relia ble means of transferring data displayed on 
raster scan CRT terminal devices and other video sources , 
in the form of realtime images, to high resolution page sized 
hard copies, VGR 4000 provides photographic quality , 
black and white, and/or 
16 shades of gray, per­
manent rec ords of 
sketches, a lphanu ­
merics, or cont inuous 
tone images. The 
copier can accom ­
modate data signals for 
most raster scan video 
sources with video line/ f ield rates from 260 to 1329/ 50 to 
60 Hz. An automat ic lock-on feature elim inates all ad­
justments except those that optim ize copy image . 
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than half of the 1 2 different combinations use multistrike 
or multipass techniques to generate correspondence 
quality printing . 

Bidirect ional printing, logical seeking of shortest lines, 
80-char/s capability, 64 graphics characters, and forms 
handling are other standard features. The unit provides the 
full 96-char ASCII set with descenders using the 9 -pin 
head and a 9 x 9 matrix . Line spacing is 0.125, 0.166, or 
0.097" (0.317 , 0.421, or 0.246 cm), plus program­
mable. Throughput at 10 char/ in (3.93 /cm) using the 
logical seeking function is 105 lines/min for a 20-char line, 
73 lines/min for a 40-char line, and 46 lines/min for an 
80-char line . Interfaces include the standard Centronics 
style 8 -bit parallel , and optional RS-232 or IEEE 488. A 
1-line buffer is provided . Epson America, Inc, 23844 
Hawthorne Blvd , Torrance, CA 90505 . 
Circ le 200 on Inquiry Card 

Data signals are accepted via the interface panel on the 
back of the recorder , processed, and applied to the fiber 
optic CRT. Dry silver paper is driven past the face of the 
CRT, exposed, developed by a temperature process, and 
presented as a dry permanent copy measuring 8. 5 x 11" 
(21.6 x 28 cm). Total time is about 14 s. Two different im­
age sizes can be printed . Changing the image from black on 
white to white on black requires a simple front panel switch 
change . Recording paper and paper cassette loading se­
quence are easily accomplished. Approximately 2 70 
copies can be made from a 2 50' (82 m) roll of recording 
paper. 

Basic design makes the unit desktop or rack mountable. 
The platenless copier runs cool , and consumes only 100 W 
on standby . Eliminating the platen reduces the size of the 
inner mechanism and paper path . The machine operates 
faster, and fewer moving parts make it more reliable . 
Honeywell Test Instruments Div, PO Box 5227, Denver, 
CO 8021 7 . Circle 201 on Inquiry Card 

Data processor module is available in two versions : 
DP-R, which performs a single 32-bit multiply and two 
32-bit adds in 200 ns; and DP-C, which is capable of four 
multiplies and six adds in 200 ns. The instruction set, in­
volving more than 50 instructions, includes a large group of 
logical operations and many data dependent instructions. 
Architectural features include dual parallel 1 6 -bit data 
paths and arithmet ic units, and a set of 4 high speed 
memories with up to 64k 32-bit words each. Another 
system module, the interface processor, controls data flo w 
in the system, handling prioritized device interrupt request 
arbitration and 1/0 transfers at a 20M-byte/s rate. 

Packaging options include a midsize system consisting of 
two DPs and an IP integrated with power supplies and 
LSl - 11 /02 in a rack mountable 10.5" (26.7 -cm) cabinet. 
This configuration can run standalone with use of ROM 
boards . CNR, Inc, Computer Products Div, 220 Reservoir 
St , Needham Heights, MA 021 94 . 

Circ le 20 2 on Inquiry Card 
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PRODUCTS 
PROGRAMMABLE ANSWERBACK 
ACOUSTIC COUPLER 

DATA 
COMMUNICATIONS 

ASYNCHRONOUS 
LIMITED DISTANCE MODEM 

Designed for asynchronous local data 
distribution of up to 9 mi ( 14.4 km) 
over private 2- or 4-wire nonloaded 
metallic lines at rates to 19.2k bits/s, 
model 6200 can be used in point to 
point and multidrop network con­
figurations. Internal straps select 
receiver impedance, receiver 
equalizer, and 2- or 4-wire operation. 
Interface is RS-232-C/V.24. A 20 mA 
TTY current loop interface is also 
available. International Data Sciences, 
Inc, 7 Wellington Rd, Lincoln, RI 
02865. 

Originate only 300-bit/s 103/11 3 
compatible acoustic data coupler 
FM30AB has programmable answer­
bac k capability. Log - in code, 
password, or user authorization 
number is programmed into unit's 
P/ROM and code is answered back to 
the host on receipt of an ENO signal 
by the coupler. Major application is in 
prevention of unauthorized access to 
timesharing systems, service and 
credit bureaus, and educational com­
puting services . Multi-Tech Systems, 
Inc, 82 Second Ave SE, New 
Brighton, MN 5 511 2. 

Circle 203 on Inquiry Card Circle 204 on Inquiry Card 

PRINTERS 
~ Q] 

~- - ..... 
~/#////IJ////// 

slip and two station 
FOR SPECIAL APPLICATIONS 
High speed, low cost, compact, alphanumeric , dot 
matrix printers. Uncomplicated, long working life, 
easily serviced. 

Model MR-1824. Two station. Left station provides 
selective print to 18 characters , independent paper 
feed , auto paper take-up, slip insertion/validation 
plus desirable options. Right station provides 
selective print to 24 characters, independent paper 
feed, tear off blade and optional logo print. Both 
stations provide last line visibility. 

Model MS-4000. Accommodates various size slips 
or forms. Cam-operated. geared friction paper 
feed. Provided with optional sensor for each top 
and bottom slip position. Adjustable slip stop for 
table extension, optional. 

Both models available in basic mechanism only or 
with cables, covers and driver electronics. 

Model MS-4000 
Slip Printer 

Slip 1nsert1on from left side or front. 
40 columns (12 cpi) at 2 lines per 

second. Optional bi-directional 
capability 

Model MR-1824 
Two Station 
B1-direct1onal or uni-directional print 
capability. Speed: 1 4 lines per 
second 

rn For full details, write or call us 

Litton WESTREX OEM PRODUCTS 
1140 Bloomfield Avenue, West Caldwell, N.J. 07006 (201) 227-7290 

IN FRANCE - WESTREX OEM PRODUCTS, 103-107 Rue de Tocqueville, 75017, Paris, France 
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4 LINK MULTIPLEXER 

Single board microprocessor based 
MX-4 mux allows four asynchronous 
data links to transmit over single syn­
chronous composite channel full­
duplex at rates to 9600 bits/s, with 
asynchronous option. Design features 
include switch programmable 
character formats and immediate 
character transmission. Composite 
channel loopback switch facilitates 
self-test. Automatic retransmission of 
link errors is provided. Interface is 
RS-232-C/V.24. Flow control is also 
optionally available. Gandalf Data, Inc, 
101 9 S Noel, Wheeling, IL 60090. 
Circle 205 on Inquiry Card 

449/422 INTERFACE FOR 
LIMITED DISTANCE MODEM 

All standard interfaces plus EIA 
RS-449/422 are available with syn­
chronous 2000 local area data 
distributor. Unit operates up to 10 mi 
( 1 6 km) at selectable speeds from 
1 200 to 19.2k bits/s over unloaded 
lines or coax cables . It conforms to 
Bell Pub 43401 and operates 2-wire 
half-duplex, 4 -wire half- or full-duplex, 
point to point or multipoint. High 
speed synchronous (to 64k bits/s) and 
asynchronous operation are available 
as options. Diagnostic capability 
eliminates need for external test 
equipment during installation and 
checkout. Avanti Communications 
Corp, Aquidneck Industrial Park, 
Newport, RI 02840. 
Circle 206 on Inquiry Card 

COMMUNICATIONS 
INTERFACES FOR PRINTER 

Programmable controller on line 
printer INNOVATOR 202 implements 
numerous communication interfaces 
including parallel compatible with 
Centronics and DataProducts . It sup­
ports ASCII serial, IBM, Burroughs, 
and NCR protocols. The system is 
based on the TeletypeR model 40 
printer mechanism and uses heavy 
duty chain technology to print fully 
formed u/lc characters on up to six 
copies at 300 lines/min . 132- and 
80 -col models are available. In­
novative Electronics Inc, 1 5200 NW 
60th Ave, Miami Lakes, FL 33014. 
Circle 207 on Inquiry Card 
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WHERE BUSINESS 
TALKS TO BUSINESS 

"One Day" 
California Computer 
Shows 

Norm De Nardi's OEM and end­
user California Computer Shows ... 
extending the limits of information 
between exhibitor and 
prospect. .. under one roof, in a 
highly charged, professional 
environment. In just one day, 
1 p.m. to 7 p.m., as an exhibitor 
your company reaches more key 
decision makers. And that 
translates into lower costs of 
sales. As an attendee, you get a 
hands-on, buyer 's eyeview of the 
latest in computer and computer 
peripheral products. 

CAN YOU AFFORD NOT TO 
BE THERE? 

Each show carefully focuses on 
a specific segment of the com­
puter equipment market. As an 
exhibitor, you are virtually 
guaranteed a prescreened, invited 
audience of qualified decision 
makers. And the attendee can get 
right to their product area of 
interest, too. 

The "One Day" California Com- ~ 
I 

puter Shows cut the cost of ~ 
exhibiting and attending, effec- -~ 
tively achieving the lowest-cost-' ~..,.. 
per-prospect contact. ~~~' 

Firms typically exhibiting are ~~ 
Tektronix, AED, H-P, Control Data 
Corporation, Shugart, General 
Electric, Perkin Elmer, National 
Semiconductor, Xerox, Data 
General, Digital Equipment Corp., 
Mostek, Versatec, Lear-Siegler, 
Motorola, Data Products, Cen- · 
tronics, Intersil, Texas 
Instruments and Intel. 

"One Day" California 
Computer Shows. 

"One Day" California Computer 
Shows - the best investment 
you 'II make in the future of your 
company. 

March 12, 1981 Inn at the Park 
Anaheim, CA 

April 23, 1981 Hyatt Hotel 
Palo Alto, CA 

CIRCLE 114 ON INQUIRY CARD 
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Norm De Nardi 
Enterprises 
95 Main Street, Los Altos, CA 94022, 
(415) 941-8440. 

Invitations are available from par­
ticipating firms, or NDN Enter­
prises. Call or write today for 
information. 
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PROCUCTS 

TEST 
AND MEASUREMENT 

ments to 135 MHz are made using re­
ciprocal counting technique that pro­
vides high resolution of low frequency 
signals faster than conventional 
counting techniques. Auto trigger 
senses applied signals and 
automatically sets both trigger levels 
to optimum trigger points . Front panel 
monitoring jacks permit precise trigger 
level adjustments . Outputs of the 
signal shaping circuits can also be 
monitored helping set trigger point on 
complex waveforms . Probe compen­
sation function compensates the high 
impedance probe to the counter . 
Tektronix, Inc, PO Box 500, Beaver­
ton , OR 97077. 

UNIVERSAL COUNTER/TIMER ------' =· .:f ,_, ' ·=· ·.:· ·=· 
' -· •.GM' .!, fllh f :~· . . 

lllll<IU 5.liH •HC .. ~H a1-ilt lit 
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DC509 , a high performance TM 500 
plug-in , makes single-shot time inter­
val measurements with 10-ns resolu­
tion. Measurement averaging permits 
1-ps resolution. Frequency measure-

100-MHz QUAD-TRACE SCOPE 

Triggered sweep model 1 500 
features a full complement of controls 
for dual-trace display plus inputs and 
controls for two additional vertical in­
puts. When signals are displayed on 
channels 1 and 2, channel 3 may 
display external triggering signal ap­
plied to Channel 1 , while channel 4 
displays trigger signal for channel 2. 

200 

MODULAR ELECTROllC 
CABllETS- DESKS 

and 
CUSTOM llSTRUMEnT 

PAI ELS 
EQUIPTO ENCLOSURE SYSTEMS - first in 
choice for excellence! Hundreds of standard sizes 
available in both our top-of-the-line Heavy Duty 
Modular Cabinets and the value-engineered 
Challenger/Solid System line. We also offer a 
totally new Electronic Desk System in a variety 
of styles. And since every electronic equipment 
company is unique and has different enclosure 
needs, we'll modify our cabinets to meet those 
requirements. 
You can depend on us, just as many leading cor­
porations do, for dependable products and ser­
vice. The. reputation we've earned is our proof! 
Choice of colors at no extra charge. Also, ask 
about our Engineering Evaluation program. 

WRITE FOR FREE CATALOG 
Equipto For Quality 
EQUIPTO ELECTRONICS 
CORPORATION 
449 Woodlawn Avenue 
Aurora, Illinois 60507 
Phone: 312/897-4691 

See us at SOUTHCON, Booths 623 & 625 

CIRCLE 115 ON INQUIRY CARD 

Four signals not related in frequency 
can be displayed in sync 
simultaneously . Any of 4 channels 
can be displayed or deleted . For c,han­
nel 1 and 2, vertical input attenuator 
offers 1 0 ranges in conventional 
1-2-5 sequence with vernier provided. 
A selectable 20-MHz bandwidth 
limited circuit restricts - 3 -dB band­
width to 20 MHz, filtering out ex­
traneous signals at higher frequencies . 
B&K-Precision, Dynascan Corp, 6460 
W Cortland St , Chicago , IL 60635 . 

\ 

$ 
Circle 209 on Inquiry Card 

COMPUTERS 
AND COMPUTER SYSTEMS 

ARRAY PROCESSOR 

IP8500 provides realtime histogram 
calculations and Boolean functions, 
fast vector generation , 64-char font 
generation , and switchable syn­
chronization. Compatible with DEC 
PDP-11 systems, the un it has up to 
20 image memories of 512 x 512 x 8 
bits , enhancing use in applications re­
quiring high resolution color , multi ­
image monochrome, or pseudocolor 
displays. 4 output channels provide in­
dependent pan or integer zoom. Max 
system stores 1024 x 1024 x 32 im­
age in 51 2- x 512- x 32-bit image 
window. DeAnza Systems, Inc, 1 1 8 
Charcot Ave , San Jose, CA 9 51 31 . 
Circ le 2 1 0 on Inqu iry Card 

MILITARIZED MINICOMPUTER 

Designed for use in rigorous airborne, 
shipboard , ground based , and land 
mobile environments , PDP-11 /44M is 
a fully militarized version of the DEC 
PDP-11 /44. It meets all required 
m ilitary specifications and carries the 
AN/UYK-42 (V) designation. The 
minicomputer can use all the software 
developed by DEC for the PDP- 11 
commercial line. Applications include 
tactical functions, command and con­
trol, administration , logistics, fire con­
trol , and communications. Norden 
Systems, Norwalk, CT 06856. 
Circle 21 1 on Inqu iry Card 
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Introducing ... 
Kontron's PSIBO Series In­
telligent Computer/Controller 
System. The new PSI80 sys­
tem is designed to control 
most processes via IEEE 488 
bus, RS 232 and parallel inter­
fa ces. Additionally, the PSI80 
ca n be easily adapted to any 
analog or digital source for 
process control through stan­
dard ECB computer boards 
on a modular basis. Standard 
features include: 
• 32/64 KByte RAM 
• Single/dual minifloppies, 

144 KBytes each 
• Two RS 232 interfaces 

(synchronous and 
asynchronous) 

• Parallel I/O, Centronics 
compatible 

• 19-inch rack mount 
capability 

• Full graphic video display 
with an extra 16 KByte video 
RAM, upper and lower case 
with extenders on 25 lines at 
80 characters 

• 9-inch monitor 
• Detachable keyboard 

Plus . . . 
The PSIBO is fully expandable 
via Kontron' s unique card 
cage design which accepts 

,_ , ,, 

,, ...... 
...... ~ ... , , ...... , 

...... ,' 
'~ 

six Kontron ECB cards for 
these user-specified functions: 
• CMOS RAM {ECB V) 
• IEEE 488 (ECB B) 
• High-speed arithmetics 

(ECBA) 
• Analog I/O (AN-µP80) 
• Digital I/O (ECB I) 
• Real time clock (month, 

date, etc.) 
• Subprocessor modules for 

multi processor applications 
(280-EML/SP) 

Get complete details and the 
name of a Kontron sales and 
service organization near 
you. 

Write or call 
Kontron Electronic Inc. 
630 Price Ave. 
Redwood City, CA 94063 

COMPUTER/CONTROLLERS: 
For data on Kontron® Computer/Controllers, Digital Multimeters, Counters, PROM 

Programmers. Logic Analyzer and Printers, call (800) 227-8834. In California 
call (415) 361-1012. 

CIRCLE 116 ON INQUIRY CARD 



PRODUCTS 

PACKAGING 
AND INTERCONNECTION 

36- AND 43-CONTACT 
EDGEBOARD CONNECTORS 

Expanded EB 7D line features 0.1 56" 
(4-mm) contact spacing and will ac­
cept 0.062" ( 1 .6-mm) circuit boards. 
The UL-listed line is also available with 
6, 10, 1 5, 18, and 22 positions. Con­
tact plating choices include gold per 
MIL-G-45204, gold flash, or electro 
tin plate per MIL-T-10727. Wide 
choice of mounting variations and 
contact terminations is available. Dale 
Electronics, Inc, E Hwy 50, Yankton, 
SD 57078. 
Circle 21 2 on Inquiry Card 

HIGH DENSITY 2-PIECE 
PCB CONNECTORS 

Two-piece series 1 00 PCB connec­
tors, available with up to 96 contacts 
in three row, have bifurcated female 
contact design with dual-wipe hard 
gold plated surfaces. Mating 
tolerances of 0.001" (0.025 mm) 
produce minimal abrasion. Contact 
resistance is less than 1 5 m after 1 00 
mating cycles . Series mates with all 
IEC 48B- and DIN 41 61 2-spec com­
ponents . Five types offer hundreds of 
contact arrangements for 16, 32, 48, 
64, or 96 throughlines, and are 
available for wave solder, wirewrap, 
or hand solder. Panduit Corp, Elec­
tronic Products Group, 17301 
Ridgeland Ave, Tinley Park, IL 604 77. 

Circle 21 3 on Inquiry Card 
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PDP-11 COMPATIBLE 
ENCLOSURES 

SUPERBLUE/11 combines power sup­
plies, backplanes, card cage, front 
panel controls, power cord, and 
chassis slides in a DEC compatible 
package. Dual-purpose bus converter 
kit (0-BUS to UNIBUS or UNIBUS to 
0-BUS) and dual-drive DECtape II car­
tridge assembly are optional. The 
package accommodates both 9-hex 
slot LSl-11 (DEC DDV-11 Bl and 
PDP-11 (DEC DD 11-DK) backplanes 
in any of 5 optional configurations 
with 18 hex slots (54-dual) max. Two 
independent bus structures can be 
used under control of one CPU with 
aid of the bus converter kit. Extended 
(board height) LSl-11 and PDP-11 bus 
grant cards are included with each 
backplane. Board insertion is from the 
top, facilitating access to cable con­
nectors and allowing visual monitoring 
of activity lights of system controllers 
and interfaces. High efficiency power 
supplies provide 50 A at 5 Vdc, 6 A at 
1 2 Vdc, 1 A at - 1 2 Vdc, 6 A at 1 5 
Vdc, and 1 A at - 1 5 Vdc to service 
either CPU, memories, and con­
trollers. Transduction Ltd, 1645 
Sismet Rd, Unit 11, Mississauga, On­
tario L4W 1 Z3, Canada. 
Circle 21 4 on Inquiry Card 

1 0-POSITION PCB FLAT 
RIBBON CABLE CONNECTOR 

Flat ribbon cable connector housing is 
made of black reinforced polyester 
thermoplastic and contacts are of 
nickel-silver alloy with tin alloy surface 
finish. Standard cable is 28 AWG 
stranded on 0.05" (1.3-mm) centers, 
gray or rainbow PVC . Other dielectrics 
such as TeflonR are available. PCB line 
now covers six sizes from 1 0- to 
50-position. The A P Great Jumper 
Co, Box 938, 72 Corwin Dr, 
Painesville, OH 44077. 
Circle 21 5 on Inquiry Card 

COMPUTER DESIGN•JANUARY 1981 



THERE IS 
ONLY ONE 

32-BIT 
COMPUTER 

WHOSE 
LOGIC 

DOESN'T 
DEFY LOGIC. 

PRESENTING THE DATA 
GENERAL ECUPSE MV/8000. 

Apparently, our competitors are oper­
ating under the premise that there is no 
need to make their new computers compat­
ible with their older ones. And have no 
qualms about rendering obsolete the years 
of man-hours and the hundreds of thou-

In fact, its 36.4 MB/sec memory 
bandwidth is at least two to four times fast­
er than its nearest competitor. 

It 's also more reliable, much easier to 
maintain, quicker to get operational 
(it not only offers the widest range of soft­
ware, but the widest range of languages~) 
and offers sophisticated security features, 
word processing, communications capabil­
ities and data base management. All supe-. . 
nor to its nearest competitor. 

And while these features alone make 
the MV/8000 a most attractive invest­
ment, there's something else. It also costs less 
than its nearest competitor. 

--
1 

I 

sands of dollars you've invested in software. raises the question, why 
At Data General, we believe this go to the nearest competitor? 

kind of logic defies logic. Which is why we If the logic of purchasing any other 
designed our 32-bit MV/8000 to protect 32-bit computer escapes you as much as it 
vour software investment. ,---.---------------------~----------------------1 escapes us J·ust fill out the 
J 1 Mail to: Data General Corporation i ' 

N t d t "t ! 4400 Computer Drive, MS C228 1 d '}} b 
0 es roy i · ! Westboro, Massachusetts 0 1580 ! coupon an We e 

However the MV/ ! Attention: Marketing Co_mmunications Department l happy to fill vou in on the 
' l 0 Please send me more mformat1on on the Data General 1 J 

8000's software compati- ! Ecl ipse MV
18000

· . . . ! one computer that eclipses 
I 0 Please have a sales representative call on me 1mmed1ately. I 

bility is only part of what \ Name . \ them all. 
places it in a class by itself. l Title CDG-ll .l\O l The remarkable new 

Another factor is speed. j Company Tel. j Data General Eclipse 
It's the fastest computer of ! Address ! MV/8000 . 
. t . th L t t City State Zip : ~ Data General i s size on e marKe . L ____________________ _______________ _______ _____ J • • 

~Fortran 77, Cobol. Basic, PUI and RPG ll 
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PRODUCTS 

DATA ACQUISITION 
AND CONTROL 

HANDHELD PROGRAMMABLE 
CONTROLLER MONITOR 

P464 provides an online operator in­
terface to the 484 programmable con­
troller for monitoring, maintenance, 
and debugging. It plugs directly into 
the controller's front panel or J4 70 
EIA adapter. Measuring 7 .5" high, 
4.5" wide, and 2.5" deep (19.0, 
11 .4, and 6.3 cm), it has a sealed 
24-position keyboard with two 4-digit 
LED displays and is housed in a rugged 
drip proof case. The unit monitors 
status of discrete or analog inputs and 
outputs, displays timer and counter 
values, checks results of arithmetic 
operations, HOLDS (on command) a 
displayed value, and monitors the 
RUN state of the controller. It also per­
mits single-key access to important 
variables via 5 user defined keys. An 
optional model enables the user to 
disable or force discrete input or out­
put. Gould Inc, Modicon Div, 1 55 W 
Big Beaver Rd, Suite 104, Troy, Ml 
48084. 
Circle 21 6 on Inquiry Card 

FIBER OPTIC LINK FOR 
MULTIPLEX CONTROL SYSTEMS 
Fiber optic link is offered as alternative 
to twinaxial wiring for Cutler-Hammer 
DIRECTROLR multiplex control 
systems. The link makes these 
systems inherently safe and immune 
in high noise and potentially explosive 
environments. The fiber optic link is a 
complete package including interface 
modules, cable, and an installation kit 
having instructions, connectors, 
tools, and decladding and recladding 
chemicals. Eaton Corp, Cutler­
Hammer Products, 4201 N 27th St, 
Milwaukee, WI 53216. 
Circle 21 7 on Inquiry Card 
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DATA LOGGING SYSTEM 
FOR HARSH ENVIRONMENTS 

MLSl-11 /03-580 incorporates an 
LSl-11 /2 CPU, 2 TU58 cartridge tape 
units with 500k-byte data capacity, 2 
asynchronous serial ports, line time 
60 cycle clock, switching power sup­
ply, bootstrap (MXVllAC), dual-width 
backplane, and 32k bytes of RAM. 
Chassis requires 5.25" (13.33 cm) of 
panel height, and may be RETMA rack 
mounted or configured for rolling cart 
or hand carry. System is equipped 
with self-contained power on/off and 
front panel control switches. MOB 
Systems, Inc, 1995 N Batavia St, 
Orahge, CA 92665. 
Circle 21 8 on Inquiry Card 

PROGRAMMABLE DATA 
LOGGER 
Featuring BASIC and assembly lan­
guage programming, CRT display, 
typewriter keyboard, and pro­
gram/data storage capability, FIDAC 
series 7 240 data acquisition and con­
trol systems offer a range of plug-in 
function cards for analog and digital 
signals plus mini-disc memory and im­
pact printer options for versatility. 
IEEE-488 controller capability allows 
other compatible instrumentation to 
be integrated into the system for com­
pletely automated electronic test 
systems. Signal linearization, averag­
ing, multiple alarm limits, and data 
display on the 40-char by 24-line CRT 
are accomplished by std software 
packages. Single- or dual-data tape 
recorders store programs and data. 
Basic system incorporates 1 2-bit ADC 
with input multiplexer, digital 1/0, 
pulse counting, and range of optional 
plug-in function cards. F. I. Elec­
tronics, 968 Piner Rd, Santa Rosa, CA 
95401. 

Circle 21 9 on Inquiry Card 

FREQUENCY DOMAIN 
A-D CONVERTER 
ADC-4450 features both - 72-dB 
total harmonic distortion and - 7 2-dB 
intermodulation distortion to meet 
critical frequency domain parameters; 
1 2-bit resolution and 1 . 5-µs conver­
sion time make the device suitable for 
digital signal analysis instruments 
such as spectrum analyzers, and fast 
Fourier transform equipment. The suc­
cessive approximation design is 
characterized in both frequency and 
time domain. Packaged in a standard 
2 x 4 x 0.4" (5 x 10 x 1 .0 cm) 
discrete module, the converter is 
offered for external (-4450) or internal 
clock (-4452) applications. With pin 
programming, the user has a choice of 
6 unipolar and bipolar input ranges. 
Output is 1 2 bits in both parallel and 
serial format with 5 TTL load drive 
capability. Operating with a 7. 5-M Hz 
clock, the converter offers full 
± % LSB linearity and no missing 
codes. Gain and offset may be ad­
justed for system calibration. A pin 
programmed internal reference is pro­
vided in both models and can provide 
up to 0. 5-mA drive to external cir­
cuits. ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11 716. 
Circle 220 on Inquiry Card 

DISTRIBUTED 
INTERFACE SYSTEM 

SAMUX II serial addressable 
multiplexer system is controlled by 
host computer via a 4-wire serial com­
munication link; up to 64 individually 
addressable stations located up to 
5000' ( 1 524 m) away can be con­
nected to the host via an asyn­
chronous full duplex serial link. 
Features include expandable power 
1/0 or combined analog and digital 1/0, 
timing or time delay functions, latched 
inputs, event counters, watch dog 
timer, RS-232 or other communica­
tions options, selectable baud rate, 
and PB-24 mounting racks. Opto 22, 
1 5461 Springdale St, Huntington 
Beach, CA 92649. 
Circle 221 on Inquiry Card 

COMPUTER DESIGN• JANUARY 1981 



DATA ACQUISITION 
AND RECORDING SYSTEM 

Operating with dual microprocessors, 
system stores 600M bytes on ANSI 
compatible 0.25" (0.63-cm) tape 
cartridge, and handles 4 channels of 
serial asynchronous data at 0 to 200k 
bits/s. 1 28k-bit data bursts are ac­
commodated at megabit rates. Unit 
records at 7 200 bits/in (2834/cm) 
serpentine fashion on 1 0 tracks over 
the 700' (210-m) tape length. Drive 
uses 10,000-h brushless de motor 
with proprietary digital servo. Input 
pow er is 1 1 5 V, 4 7 to 440 Hz, single­
phase. Per ipherals Development 
Associates, Inc, 3303-B 1 Harbor 
Blvd, Costa Mesa, CA 92626. 
Cirde 222 on Inquiry Card 

DIGIT AL DAT A LOGGER 
Digitrend 235 is a multitasking, multi­
programming instrument for scanning 
or realtime monitoring that can serve 
as intelligent front end for a computer. 
It accepts a broad range of ther­
mocouple and other industrial sensor 
signals and can monitor up to 1 00 
analog input measurements (points), 
including millivolts, voltage, current, 
and resistance inputs, and up to 96 
digital inputs. It can also be used as a 
moderate speed data acquisition 
device with up to 256 separate alarm 
points and a max of 4 alarm setpoints/ 
input. Std programmable serial 1/0 and 
digital 1/0 options permit inter.facing 
with various computer peripherals. 
Based on the 6800 microprocessor, 
the unit can be used in harsh en­
vironments. Doric Scientific, Emerson 
Electric Co, 3883 Ruffin Rd, San 
Diego, CA 92123. 

Circle 223 on Inquiry Card 

Lamt> pm motors 
are designed for 
high performance 
applications 
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TORQUE OZ.-IN . 

High torque in small 
frame size saves space 
and weight. 

These 4" diameter pm 
motors are for high­
performance, variable­
speed applications, 
particularly those requiring 
a repeatable, straight 
line speed/torque curve. 
Features include ball 
bearings, ceramic 
magnets, Class F insula-

{ 

tion, de and rectified ac 
excitation, rapid two-lead 
reversibility , stable com­
mutation for long brush 
life and high current 
capability. 

The motors are available 
in standard 5", 6" , 7", 
8" and 9" lengths and can 
meet requirements for 
continuous rated torque to 
540 oz.-in. and peak torque 
to 2400 oz.-in. with speeds 
to 2000 rpm. Component 
recognized by U.L. Inc., 
the motors are widely used 
in data processing periph­
erals, reproduction equip­
ment, machine tools and 
similar applications. 

The design of the motor, 
coupled with Lamb 
Electric's manufacturing 
capabilities, make these 
motors a very economical 
power package for mid­
and high-range production 
requirements. 

For additional details, 
contact AMETEK, Lamb 
Electric Division, 627 Lake 
Street, Kent, Ohio 44240. 
Telephone (216) 673-3451. 

ETEK 
LAMB ELECTRIC DIVISION 
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PROCUCTS 

MEMORIES 

UNIVERSAL P/ROM 
PROGRAMMER AND 
ROM SIMULATOR 

Including RS-232-C and TTY inter­
faces, to simplify downline loading 
from host microprocessor develop­
ment system, Ariel programs any 
single- or triple-voltage, 256- to 
128k-bit, MOS EPROM. EPROM code 
and type are entered through a hexa­
decimal keyboard. Pushbutton con­
trols reset the unit, load RAM from 
master EPROM, verify RAM against 
master, and program or verify copy 
EPROM. Simulation cable allows unit 
to replace EPROM for system/soft­
ware tests in ROM simulation mode . 
American Microsystems, Inc, 3800 
Homestead Rd, Santa Clara, CA 
95051. 
Circle 224 on Inquiry Card 

MILITARY CARTRIDGE 
RECORDER/REPRODUCER 

ECR-40 emulates capabilities of 
125 in (317 cm)/s reel to reel 
recorders, recording up to 48M bytes 
of 9-track parallel phase encoded data 
at 6400 bits/in (2519/cm). Offering 
shuttle speed up to 240 in 
(609 cm)/s, the unit achieves data 
transfer rates of 200k bytes/s at 
31. 2 5 in/s within 3 ms . The unit is 
mounted in % ATR rack or front panel, 
and has a transport mounted on 4 
vibration isolators in heavy frame . 
Recorder uses ANSI compatible 0. 5" 
(1 .27-cm) tape, and provides modular 
interface, bidirectional playback, auto 
locking, and self-tensioning drive. 
Genisco Technology, Systems Div, 
18435 Susana Rd, Rancho Dom­
inguez, CA 90221 . 
Circle 22 5 on Inquiry Card 
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CDC COMPATIBLE DISC DRIVE 

A plug compatible and media inter­
c hang ea b le alternative to the 
30M-byte CDC 9766, DM-9300AQ 
uses CDC 9883-91 type 20-surface 
disc packs, and is housed in a foam in­
sulated cabinet to reduce acoustical 
noise . Drive complies with FCC stan­
dards for electromagnetic radiation. 
30" (76 -cm) high unit allows front, 
rear, and top access, and LED in­
dicators assist troubleshooting. 
Features include SMD compatible in­
terface and single-port daisy chain 
version of the basic interface. Ampex 
Corp, Memory Products Div, 200 N 
Nash St, El Segundo, CA 90245. 
Circle 226 on Inquiry Card 

1 M . Y E 
Series 4000 is a direct replacement, 
and is interface compatible with CDC, 
Perkin-Elmer, Dynex, and other car­
tridge disc drives. When combined 
with the 1 OM-byte series 6000 car­
tridge disc drive, system expansion to 
40M bytes in any combination of 
fixed disc and removable cartridge 
drives is possible. Each drive has its 
own built- in backup, comprehensive 
documentation, and 1 yr mechanical 
and 90 day electronic warranty. 
Western Dynex Corp, 3536 W 
Osborn Rd, Phoenix, AZ 85019. 

Circ le 22 7 on Inquiry Card 

STRIPPED DOWN 
FLOPP D C E 

Functionally equivalent to the 
DEC 11 V03-L, MF-211 dual floppy 
disc system has either 4- or 8-quad 
backplane that can handle any 
LSl-11/2 or -11/23 series card. The 
controller has all necessary electronics 
for control, interface, bootstrap 
loader, formatter, and self-tester. 
Controller is completely RX02 
equivalent including media and soft­
ware compatibility. The system is 
mounted in a 10.5" (26.7-cm) rack 
mountable enclosure. A system con­
taining two double sided 1 M-byte 
drives is available if more storage is re­
quired. Charles River Data Systems, 
Inc, 4 Tech Circle, Natick, MA 
01760. 
Circle 228 on Inquiry Card 

w DR 

Mass storage devices MSM80F and 
MSM80F/HPT have 67M bytes of for­
matted storage accessed by moving 
heads. Std fixed head segment of the 
/HPT is accessed by 96 data heads 
located in head/disc assembly to pro­
vide 1 .6M bytes storage without 
repositioning delays. Programmed in­
ternal microprocessor unit initiates 
and controls such functions as seek, 
read/write, data separation, and inter­
nal diagnostics. Perkin-Elmer Corp, 
Computer Systems Div, 2 Crescent 
Place, Oceanport, NJ 077 57. 
Circle 229 on Inquiry Card 

MAGNETIC BUBBLE MEMORY 
PROTOTYPING BOARDS 

TBB5990, TBB5902-1 and -2, 
TBB5905-1 and -2, and TBB5910-1 
and -2 provide 23k to 2 56k bytes of 
nonvolatile memory storage. Each 
contains 1 or 2 256k- or 51 2k-bit 
magnetic bubble memory devices and 
a controller, and features 85k-bits/s 
transfer rate. Page size is 34 bytes. 
Boards measure 7.5 x 13.5" 
(19.0 x 34.2 cm), with 100-pin edge 
connectors. Power supplies are 5, 12, 
and - 1 2 V. Op temp is 0 to 50 ° C; 
nonvolatile data storage temp is - 40 
to 85 °C. Texas Instruments Inc, PO 
Box 225012, Dallas, TX 75265. 
Circle 230 on Inquiry Card 
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PRODUCTS 

COMPONENTS 
AND SUBASSEMBLIES 

820-nm LED IN PLASTIC 
FERRULE CA 

Infrared MFOE 106F fits directly into 
AMP fiber optics connector 
#227240-1, and may be used with 
MFOD detectors. 700 µW of power 
are output from a 200-nm dia optical 
port within a numerical aperture of 
0. 58. Response time is 1 2 ns; optical 
rise and fall times are 1 20 ns at 
IF = 100 mA. Op temp range is - 30 
to 85 °C, and storage temp range is 
- 30 to 1 00 ° C. Motorola Semicon­
ductor Products Inc, PO Box 20912, 
Phoenix, AZ 85036. 
Circle 2 31 on Inquiry Card 

75-W OPE T 

Single-, triple-, or quad-output ver­
sions of LMG-7 5 series have outputs 
regulated to 0. 1 % for 9 2- to 
1 38-Vac, 4 7- to 440-Hz line input 
and 0.5% for 0 to 100% load 
changes. Efficiency is greater than 
70% of full load. Ripple and noise are 
less than 50 mV pk to pk from 50 to 
1 0 Hz. Units meet UL 4 7 8 specifica­
tions, feature foldback current 
limiting, and provide 28 ms of holdup 
protection for line dropout at 11 5-V 
line and full load. Gould Inc, Electronic 
Power Supply Div, 4323 Arden Dr, El 
Monte, CA 91731. 
Circle 232 on Inquiry Card 

E INP P 
PA07 and PA07 A drive up to ± 5 A 
into resistive and ± 1 . 3 5 A into induc­
tive loads. Max available output 
power is 1 80 W using single power 
supply into resistive load. Units can 
operate with dual supplies between 
± 1 0 and ± 50 V, or single-supplies 
from 20 to 100 V. Current limit is ex­
ternally programmable and highly 
linear output stage is protected 
against inductive kickback or back 
EMF. Slew rate is 4.5 V/µs, and gain 
bandwidth products is 1 MHz. Input 
offset and input bias current for PA07 
and PA07 A are given as ± 1 and 
± 0.5 mV and 5 and 3 pA, respec­
tively. Apex Microtechnology Corp, 
11 30 E Pennsylvania St, Tucson, AZ 
85714. 
Circle 233 on Inquiry Card 

FULL KEY TRAVEL 
INDUCTIVE KEYBOARD 

lnductric series keyboards feature 
reliability, long life, resistance to 
shock, vibration, dust, liquid con­
tamination, humidity, or temperature 
extremes, and a proprietary operator 
adjustable touch control. Design is 
based on a differential transformer 
switching module. Etched on both 
sides of the PCB, coils of the 
transformer produce canceling signals 
when pulsed by a drive amplifier. To 
achieve switching, a ferrite core is 
moved into a hole in the PCB that is 
drilled through one pair of coils. 
Resulting increase in inductive cou­
pling unbalances transformer and 
sense circuit receives input signal. 
Keyboard is virtually immune to elec­
trical interference from external 
source, since key switching and inter­
connecting matrix operate with low 
impedance . All encoding is done by 
8048 family microprocessors. 
Mechanical Enterprises, Inc, 7 Park 
Ctr, Sterling, VA 22170. 
Circle 234 on Inquiry Card 

KEYSWITCH AND 
YBO RD RRAYS 

Available in molded monolithic array 
housings and in discrete versions, 
KS-200 mechanical keyswitches have 
twin bifurcated precious metal con­
tacts. Momentary switches have 20M 
cycle life with 5M cycles for alternate 
action units. Available arrays range 
from standard 54- and 63-key 
layouts, custom multikey units, an­
cillary arrays of 2 x 1 through 6 x 5 
configurations, and standard numeric 
pads in 11 -, 14-, and 18-key formats. 
Units are molded in one-piece hous-

1 ings, and all arrays and switches can 
be wave soldered. Each unit is made 
to user specification. Stackpole Com­
ponents Co, Box M, Farmville, VA 
23901. 
Circle 235 on Inquiry Card 

WINCHESTER DISC 
DRIVE MOTOR 

Designed for Winchester disc 
technology, DB-3500 brushless de 
motor will direct drive a disc load from 
0 to 3600 r/min in 25 ms and develop 
up to 30 oz-in (0.210 N · m) reserve 
torque. Motor uses eight ceramic 
magnet poles and 3-¢ wye connected 
fractional slot armature winding. Units 
can be furnished as basic rotor/stator 
sets, with optional commutation en­
coders, or as complete ready to run 
drives. Motor weighs 13 oz (364 g), 
has 3.5" (8.9-cm) dia and overall 
height of 0.75" (1.9 cm). Clifton 
Precision, Marple at Broadway, Clifton 
Heights, PA 19018. 

Circle 236 on Inquiry Card 

PRECONVERGED COLOR 
DISPLAY TUBE 

High resolution of 800 pixels/line 
achieved in the 14" (35.6-cm) 
370KAB22 color display tube is due 
to the high dot density (2070k dots) 
and its unitized inline gun with large 
aperture lens. The self-convergence 
system features 0. 7-mm max miscon­
vergence at any screen location. Black 
matrix screen offers high contrast. 
CRT has 90 ° diagonal deflection, 
electrostatic focusing, and magnetic 
deflection and convergence. Overall 
length is 3 51 . 1 ± 9. 5 mm and neck 
length is 149.6 ± 4 .8 mm. Panasonic 
Co, Electronic Components Div, 1 
Panasonic Way, Secaucus, NJ 
07094. 

Circle 23 7 on Inquiry Card 
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PRODUCTS 

INPUT/OUTPUT DEVICES 

GRAPHICS PROGRAMMING 
SYS E TERMINAL 

--
G-CORE, a device independent in­
teractive system compatible with 
SIGGRAPH/ACM CORE standard, 
makes use of graphics programs 
residing in the intelligent 
GRAPHICUS-80 terminal instead of in 
the user's host computer. Only ANSI 
FORTRAN routines containing CORE 
compatible entry points and message 
formatting routines to pass user re­
quest to the terminal reside in the 
host . The terminal controller executes 
user requests, maintains the display 
file and other data, and controls all 
graphics devices including its own 
display. The 1000-line host package 
is easily learned and convenient to 
transport to other computers. The 
GRAPHICUS-80 terminal features 
high resolution on its 21" (53-cm) 
display. Features include firmware 
processor with 32k-byte memory, ex­
pandable to 256k bytes; state of the 
art architecture; and firmware and 
emulator packages. Vector Automa­
tion, Village of Cross Keys, Baltimore, 
MD21210. 
Circle 238 on Inquiry Card 

DATA TRANSMISSION 
T A 

Designed for high speed transmission 
of IBM format compatible digital 
magnetic tape data via DOD, WATS, 
leased, or private line links, the 
microprocessor based series 7 300 is 
fully compatible with terrestrial and 
satellite channels provided by 

208 

domestic and international common 
carriers. It provides high throughput 
for both satellite and conventional ter­
restrial links through use of ARO pro­
cedures and by processing data in 
large blocks. All formatting, error pro­
tocol, modem signaling and tape 
transport control are directed by a 
single-chip LSI microprocessor. Built­
in self-test validates system opera­
tion. The system's tape transport con­
nects to a variety of data terminals via 
an EIA RS-232-C compatible 1/0 port 
with error protecting line protocols. 
Several levels of database protection 
are available, from simple character 
parity to selected repeat ARO. Error 
checking is provided on both character 
and block basis with method and line 
protocol selected to match user ter­
minal configuration . System can 
operate unattended in point to point or 
multipoint networks. Quad Systems 
Inc, 1 6021 Industrial Dr, Gaithers­
burg, Md 20760. 
Circle 239 on Inquiry Card 

Model 1 000 provides 2 7 40 and 
3 7 6 7 users with the convenience of a 
display in existing or planned net­
works with no hardware or software 
modification. Supporting up to 2 
printers either as slaves or directly ad­
dressable by a host processor, the 
microprocessor based terminal 
features a 1 2" (30-cm) diagonal 
screen with 23 lines of 80 char. The 
24th line is an operator status and 
diagnostic line. Print-through feature 
increases data throughput; up to 2 
printers may be attached to the 
display, both addressable directly 
from the host . Screen formats, 
operator prompts, and other produc­
tivity aids can be created at a central 
location then downline loaded to ter­
minals and stored locally for access by 
the operator. Formats can also be 
stored in the terminal's nonvolatile 
memory. Custom Terminals, Inc, PO 
Box 19906, Raleigh, NC 27619. 

Circle 240 on Inquiry Card 

DUAL MODE MATRIX PRINTER 

Designed to serve in data processing 
as well as word processing applica­
tions, model 200 provides enhanced 
letter quality print mode and 
associated word processing com­
patible firmware. Each character font 
stored in the printer features both a 
high speed and a reduced speed ver­
sion. Output speeds range from 165 
to 2 50 char/s in data processing mode 
and from 42 to. 60 char/s in letter 
quality mode. Two 10-pitch Titan 
fonts are std; alternate fonts include 
sans serif, 10-pitch, 1 2- and 
1 5-char/in (4. 7 and 5.9/cm), propor­
tionally spaced, OCR-A, italics, and 
scientific. The printer can store up to 
6 different fonts in ROM, for a total of 
1 2 speed/font options. Touch sen­
sitive front panel gives user control 
over font selection. LEDs identify fault 
conditions, and font selection. Malibu 
Electronics Corp, 2301 Townsgate 
Rd, Westlake Village, CA 91 361. 
Circle 241 on Inquiry Card 

VIDEO DATA TERMINAL 

UVT-14 universal video terminal 
offers 14" (3 5-cm) diagonal, wide 
angle CRT screen and green phosphor 
display characters for minimum eye 
fatigue. Command functions, such as 
data entry, data edit and display, 
preprogrammed function keys, and 
format protect, promote operator effi­
ciency. Data displays can be made to 
blink at a defined rate or can be 
dimmed to attract attention. Up to 1 6 
function keys can be selectively pro­
grammed. Information entry is 
speeded by transmission of data in 
blocks. Eleven text editing keys pro­
vide efficiency in entry or correction of 
information. Self-test diagnostics are 
operator activated to reduce mainten­
ance time. Motorola Inc, Communica­
tions Group, 1301 E Algonquin Rd, 
Schaumburg, IL 60196. 
Circle 242 on Inquiry Card 
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HIGH RESOLUTION 
METRIC PRINTER/PLOTTER 

Quadramet series metric printer/plot­
ters use the electrostatic Quadrascan 
writing head to produce a resolution of 
100 dots/cm, compared to the con­
ventional 78/cm. The print head con­
tains 4 offset rows of writing styli 
(compared to the conventional 2). In 
operation each dot overlaps adjacent 
dots approximately 50% (compared 
to the conventional 10%). Model 
9424 plots at 2. 54 cm/s to a plot 
width of 59 cm. Model 9436 plots at 
1. 2 7 cm/s across an 89-cm plot 
width. Units output a gothic character 
font using the 1 23 ASCII character 
set. Character generator is a std 
feature and provides large or small 
characters. Small characters are 
55 mil ( 1 .4 mm) wide, 86 mil 
(2.2 mm) high, and are spaced 
15.8/in (6.2/cm). Large characters 
are 110 mil (2.8 mm) and 174 mil 
(4.4 mm), and are printed 7 .9/in 
(3.1 /cm). Benson-Varian, Inc, 385 
Raveldale Dr, Mountain View, CA 
94043. 
Circle 243 on Inquiry Card 

1 500-LINE/MIN 
BAND PRINTER 

Built to provide print quality and high 
reliability at heavy duty cycles, 
BP-1 500 uses an interchangeable 
steel band, and prints 1 500 lines/min 
with a 48-char set and 1 200 lines/min 
with a 640-char set. Diagnostic and 
status indicators minimize downtime 
by providing detailed status on the 
condition of the microprocessor and 
system interlocks which control 
printer operation. Touch sensitive 
control panel includes built-in self-test 
unit which features a switch selec­
table 80- or 1 32-col multiple pattern 
program. Built-in sensors indicate 
paperout as well as paper and ribbon 

motion, preventing loss of data and 
providing for unattended operation. 
Dataproducts Corp, 6200 Canoga 
Ave, Woodland Hills, CA 91365. 
Circle 244 on Inquiry Card 

PRINTER LINE ENHANCEMENTS 

' 

APL/ASCII keyboard layout, 9-wire 
printhead, and an alternate font are 
available options for the TermiNetR 
200 printer line. APL/ASCII allows 
printing and transmission of APL and 
ASCII characters. Of the 1 88 print­
able characters 94 are for APL and 94 
for ASCII. 20 other APL symbols can 
be created by overstriking. 9-wire 
printhead enables descenders on 1 /c 
characters and true underlining. Alter­
nate font allows implementation of 
user-definable character set(s). Op­
tions are for use with ne~ models and 
not for retrofit to older units. General 
Electric Co, Data Communication 
Products Business Dept, Waynesboro, 
VA 22980. 
Circle 245 on Inquiry Card 

SMA~T TERMINAL 

TERMINALSMITH-1, a compact 
single-board system, displays 1920 
char arranged in 24 lines of 80 char on 
a 30-cm diagonal CRT; a 25th line 
displays terminal status. Inductive 
keyswitches are used in the 
detachable serial keyboard that pro­
vides 59 keys with 14-key numeric 

keypad, and 1 2 function keys, each 
programmable to strings of up to 78 
char. Interface is std RS-232-C at 1 6 
rates from 50 to 19,200 baud, pro­
grammable from the keyboard. Two 
interchangeable 1/0 ports with in­
dependent interface characteristics 
allow simultaneous connections with 
computer and printer or computer and 
modem. Basic memory consists of 6k 
ROM, expandable to 1 6k; 1 k of data 
RAM; and 1 page of display memory. 
Falco Data Products, Inc, 7 44 San 
Antonio Rd, Suite 4, Palo Alto, CA 
94303. 
Circle 246 on Inquiry Card 

HIGH RESOLUTION 
COLOR GRAPHICS TERMINAL 

{ (] 
A modular, interactive computer ter­
minal that gives users full -color raster 
scan graphics output from the host 
computer, RM621 2 colorgraphic 
computer terminal offers 8 times the 
color selection, 2 5 times the vector 
writing speed, and more than .twice 
the resolution of the RM-6200A. In­
terfacing via serial asynchronous com­
munications with any host computer 
using a std RS-232-C interface, the 
terminal offers resolution of 
640 x 480 picture elements, with an 
option for 640 x 51 2 pixels. Four 
refresh memory planes controlled by a 
user programmable video lookup table 
permit display of up to 1 6 colors 
selected from 64. Lookup table also 
allows film loop animation and raster 
smoothing operations to be performed 
in software via user programming. 
Ramtek Corp, 2211 Lawson Ln, San­
ta Clara, CA 95050. 
Circle 24 7 on Inquiry Card 
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Peripheral Controllers 

Photos, illustrations, and comparison 
tables are · furnished by handbook 
outlining hardware, software, and 
system considerations for connecting 
disc and storage subsystems to DEC 

computers. Emulex Corp, Santa Ana , 
Calif. 
Circle 300 on Inquiry Card 

Cable Connectors 

Illustrated booklet contains referen ce 
charts, configurations, dimensional 
drawings, and spec tables for com­
ponents in ScotchflexR cab le connec­
tor and headboard system . 3M Elec­
tronic Products Div, St Paul , M inn. 
Circle 301 on Inquiry Card 

Synchros and Servomotors 

Catalog describing synchros , ser­
vomotors, and precision rotating com­
ponents lists variety of discrete types, 
most conforming to MIL-S-20708C. 

Muirhead Vactric, Mountainside, NJ. 
Circle 302 on Inquiry Card 

Power Supplies 

Featuring switcher, linear open frame, 
and computer power supply models in 
1-, 2 -, 3-, and 4 -outputs, booklet pro­
vides dimensional drawings, photos, 
specs, voltage/current ratings, and ex­
pansion module descriptions . Deltron 
Inc, North Wales, Pa . 
Circle 303 on Inquiry 

Data Communications 

Brochure illustrates and describes 
modems, network diagnostic equip­
ment, time and frequency division 
multiplexers, and communications 
products and accessories; system 
configurations, block diagrams, and 
operations capabilities are included. 
General DataComm Industries, Inc, 
Danbury, Conn . 
Circle 304 on Inquiry Card 

Distributed Control System 

Brochure presents microprocessor 
based distributed control system, Net­
work so,™ describing modular design 
and system architecture with photos, 
graphs, and block diagrams. Bailey 
Controls Co, Wickliffe, Ohio. 
Circle 305 on Inquiry Card 
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Cooling Equipment 

Design guide features dimensional 
drawings, performance nomograms, 
and standard accessories specs for 
blowers, fans , heat exchangers, and 
air conditioners; also included is guide 
for cooling equipment in hostile en­
vironments . Kooltronic, Inc, Hope­
well , NJ . 
Circle 306 on Inquiry Card 

Analog IC Designs 

Fundamental circuits that can be com­
bined to create complex linear 1cs are 
detailed in booklet containing graphs , 
block diagrams, electrical specs, and 
Monochip component listings. ln­
terdesign Inc, Sunnyvale, Calif. 
Circle 307 on Inquiry Card 

Open Frame de Power Supplies 

Over 100 types, including 1-, 2-, 3-, 
4 -, and 5-output models and those for 
disc drives, printers, and micro­
processors are described in catalog. 
Condor, Inc, Camarillo, Calif. 
Circle 308 on Inquiry Card 

Long Distance Modem 

Booklet presents features of high 
speed SM9600 superModem , along 
with photos, specs, performance 
graphs, and block diagrams. Gandalf 
Data, Inc, Wheeling , Ill. 
Circle 309 on Inquiry Card 

7-Segment Displays 

Detailed explanation of large 
7-segment and monolithic LED displays 
includes mechanical construction 
techniques, character heights, and 
typical application areas in note that 
presents extensive set of tables. 
Hewlett-Packard Co, Palo Alto, Calif. 
Circle 31 0 on Inquiry Card 

IC Memories 

Data sheets, cross-reference, and sec­
tion on packaging, reliability, testing , 
P/ROM programming and erasing, and 
support circuits make up 1 80-p 
catalog. Request literature No HLN 1 oo 
in writing from Electronic Devices 
Sales and Servi ce Div , Hitachi 
America, Ltd, 1800 Bering Dr, San 
Jose CA 95112. 

Subminiature Switches 

Catalog describes TINYSWITCH series 
for PC and panel mounting as well as 
related front panel components ap­
plicable to instrumentation, computer, 
and telecommunications industries. 
Alco Electronic Products, Inc, North 
Andover, Mass. 
Circle 311 on Inquiry Card 

Test Equipment 

Over 50 industrial test instruments for 
research, development, field main­
tenance, and production are described 
in catalog providing photos, specs, 
and applications information. B&K 
Precision/Dynascan Corp, Chicago, Ill. 
Circle 31 2 on Inquiry Card 

Noise Suppressor 

Manual on protection of sens1t1ve 
equipment from ac line noise, tran­
sients, and spikes offers typ applica­
tions, Ultra - lsolatorR performance 
graphs, block diagrams, and noise at­
tenuation table. Topaz, Inc, Elec­
tronics Div , San Diego, Calif. 
Circle 31 3 on Inquiry Card 

Rotary Switches 

Catalog supplies construction details, 
schematics, dimensions, application 
engine;ering data, and switch spec 
reference chart for microminiature, 
subminiature, miniature, heavy duty, 
and power switches. Centralab, Inc, 
Milwaukee, Wis. 
Circle 31 4 on Inquiry Card 

Analog to Digital Converter 

Performance and system configura­
tion tables, specs, and interfacing in­
formation profile GM series conversion 
systems in pamphlet illustrated with 
block diagrams and product photos. 
Preston Scientific, Inc , Anaheim, 
Calif. 
Circle 31 5 on Inquiry Card 

Power Conve1sion 

Handbook lists electrical and 
mechanical parameters of ac-dc and 
de-de power supplies, detailing specs 
and case, pin, and socket configura­
tions. Power General, Canton, Mass. 
Circle 31 6 on Inquiry Card 
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Engineers ... Engineering Management ... Engineers .. . Engineering Management 

80,000 
TOTAL QUALIFIED CIRCULATION * 

Your recruitment ad in COMPUTER DESIGN reaches the largest, most clearly documented and concentrated 
group of computer-based systems designers available through any publication in the world. 

Circulation by Organizational Classification 

10.4% 

32.1 % 

23.8% 

26.8% 

6.9% 

100.0% 

Management............................................ 8,320 

Engineering Management ........................... 2 5, 680 

Senior Engineering ..................................... 1 9 ,040 

Design Engineering .................................... 21,440 

Consultants ................. ............................. 5,520 

TOTAL 8 0 ,000* 

*Dec. 80 BPA Publishers Statement Subject to Audit 

Our readers work in electronics/ 
computer companies where 
systems and equipment are 
designed & manufactured in 
volume: OEM's; systems houses; 
independent labs and consulting 
firms; government & military 
agencies; and in industrial/ 
commercial companies which use 
these systems in communica­
tions, manufacturing, test, 
design, research and develop­
ment. 

IF YOU'RE SEARCHING FOR EX­
PERIENCED ENGINEERING 
MANAGERS AND ENGINEERS 
COMPUTER DESIGN IS WHERE 
YOU'LL FIND THEM 

For rates and special closings for 
Classified Advertising, please 
contact: 

John G. French 
Classified Advertising Manager 
(800) 225-0556 
(617) 646-7 872 

UNIVERSITY OF PETROLEUM & MINERALS 
DHAHRAN , SAUDI ARABIA 

Computer Science Department 

The Department of Systems Engineering will have faculty positions in Com­
puter Science open for the academic year 1 981 -82, starting 1 September 
1981: 

Academic Qualifications and Experience: 

PhD in Computer Science or in a closely related discipline with emphasis in 
programming languages, data base-organization and structure, micropro­
cessors, operating systems, data processing, system analysis, digital design, 
computer architecture, and softw are engineering. 

Language of instruction is English. 

Minimum regular contract for two years, renewable .Competitive sala ries and 
allowances. Air conditioned and furnished housing provided. Free air 
transportation to and from Dhahran each year . Attractive educational 
assistance grants for school-age dependent children . All earned income 
without Saudi taxes. Ten months duty each year with two months vacation 
with salary. There is also possibility of selection for university's ongoing 
summer program with good additional compensation. 

Apply with complete resume on academic, professional and personal data, 
list of references, publications and research details, and with copies of 
transcripts and degrees, including home and office addresses and telephone 
numbers to: 

University of Petroleum & M inerals 
Houston Office 
2223 West Loop South, Suite 410 
Houston, Texas 77027 
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COMPUTER SCIENCE PROFESSIONALS IN 
- Cyber Performance 

Monitoring 

r 

- Computer Graphics~;:;;;;;~~~ 
- Hardware Evaluation~~n-1..------

Analysis I· · 
·L 

Grow with Sohio's 
expanding scientific ~ 
computing facility 

Our rapid expansion in the search for new energy sources 
has resulted in an explosive growth in scientific computing 
requirements. 

The present CDC Cyber175 main frame will be augmented 
with a Cyber 760 by late 1980 and the addition of a giant 
vector processor is planned for the near future. 

Check the following high technology management/ 
monitoring positions with responsibilities for directing and 
controlling this dynamic and advanced environment. 
If your career experience matches our needs, we should 
discuss the possibilities. 

Cyber Computer Performance 
Monitoring Analyst 

You have demonstrated work experience in a measure­
ment and analysis program for a large main frame. Experi­
ence with a Cyber175 and/or 760 would be a definite plus. 
Typical responsibilities: 

• Directing a major program for on-going measurement 
and analysis of Cyber performance. 

• Developing early warning detection procedures for 
eliminating capacity/bottleneck problems relating to 
central and peripheral processors, storage devices, 
communication channels. 

• Planning for Cyber disruption recovery, contingency 
off-loading and computer security. 

Computer Graphics Specialist 
Your strong professional background,including 4-5 years 

proven experience with a variety of computer graphics 
terminals and software (petroleum engineering or explor­
ation related a plus) should have prepared you for this 
key graphics product manager opportunity. 

• You will lead a task force which will determine SOHIO's 
present and longer range graphics requirements - then 
develop hardware/software acquisition plans to support 
these requirements. 

• You will assume complete resonsibility for the support of 
a rapidly expanding graphics products library for our 
CDC Cyber computer. 

• You will provide on-going consulting support on all 
major graphics applications in SOHIO. 

Hardware Evaluation Analyst 
To meet the challenges of this position, you should have 

2 +years hardware evaluation experience in a main frame 
environment-and have demonstrated the ability to work 
independently and follow through with successful hardware 
acquisitions and installations. We prefer that you have your 
M.S. in Computer Science, Electronics or related technical 
area. Your involvement with SOHIO: 

• Active participation in the expansion of our scientific 
computing facility through evaluation of the economics 
involved and feasibility of the latest in CDC main frame 
hardware products. 

• Provide direction for the acquisition of a wide variety of 
peripheral equipment-remote-batch and time sharing 
terminals, storage and sophisticated high-speed 
plotting devices, and communication equipment- all 
part of a nationwide distribution network. 

• Take responsibility for recommending appropriate main 
frame and peripheral hardware configurations. 

Attractive salaries, generous benefits and advancement 
possibilities complement these highly responsible positions. 
SOHIO's relocation package for qualified new hires 
includes a mortgage interest differential allowance, third 
party home purchase option and other features normally 
restricted to internal transfers. There's no better time than 
NOW .to JOIN SOHIO! For immediate confidential 
consideration send your resume and current salary to: 

Ms. Sarah Steiner, Executive Recruitment 

THE STANDARD OIL COMPANY (Ohio) 
1424 Midland Building- 150 •Cleveland, Ohio 44115 

An Equal Opportunity Employer M/F 

"Help us Help to Assure America's Energy Future" 
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ELECTRONICS ENGINEERS: 

C3 Systems 

The F-16. It's just one side of 
General Dynamics Fort Worth. 

You probably know that we have designed and are building the F-16 fighter for the air forces of 
the United States and its allies, but what you may not know is that we 're also a growing , divers­
ified electronics operation. We're currently designing some of the world's most advanced radar 
simulation systems and command and control systems, in addition to other ongoing projects 
like airborne stores management systems and replica radars. 

We're looking for people who li ke to see their projects grow from concept through integration 
and checkout. We need engineers with a minimum of a B.S. in Electrical or Electronics 
Engineering or Computer Science and with the following backgrounds : 

• S~stems Engineering • Display Systems 
• C I Systems • Software Development 
•Communications Systems ·Digital Circuit Design 
• Computer Systems • RF Circuit Design 
•Simulation Systems • Electronic Packaging 
• Radar Systems • Electronic Warfare 

If you qualify and are interested in a career in advanced electronics, send us your resume . 
We're offering outstanding opportunities with unique potential for advancement . 

You 'll also receive an excellent salary with exceptional benefits , including a savings/stock 
investment plan, life/medical insurance , dental plan , and access to an 80-acre recreational 
area and 18-hole golf course for employee/family use . 

Send your resume to R.Q. Lee, Director of Electronic Systems and Laboratories, 
P. 0. Box 748-21EE, Mail Zone 1862, Fort Worth, Texas 76101 . 

GENERAL DYNAMICS 
Fort Worth Division 

U.S. Citizenship Required . An equal opportunity employer M/F. 
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COMPUTER DESIGN ,,fl ... ft 
~.,,,,.,..~ -------------, 

NEW GUARDIAN 110 MODULES CUT 
SPACE BY 40% With .68in.2 footprints and 
.68in.3 volume (vs.1.02in. 2 and 1.25in.3 for 
other makes), Guardian's 1/0 Modules offer 
more than 1/3 higher stacking density. Tops 
are clean, allowing their use for customer 
markings. Input devices operate from 12-
140VAC & 3-120Vdc into 5, 15 or 24Vdc out­
puts. The 20-280VAC & 60Vdc/2.5A Output 
Modules have 5, 15 or 24Vdc inputs. Easily 
removed breakaway screw-mount tab. 
GUARDIAN CALIFORNIA 4030 W. Spencer St., 
Torrance, CA 90503. 213-542-8651. Duane 
Heft. CIRCLE 533 t--------------

*Prom Programmer: Software controlled 25v 
generated from bus 12v static or dynamic 
RAM, 1/0 or memory mapped, Z-80, 808X, 
680X. Only $165 with software listings. 
*Floppy Disc Controller: New chip set from 
WD includes PLL data separation DMA, 
single/double density 5/8" software selecta­
ble. Only $440 with 1/0 drivers for 8080/Z-80 
6800; with CP/M2.2 or FLEX add $250. *CP/ I 
M2.2 for MOSTEK MD-FLP. Only $350. 
INTELLIGENCE SYSTEMS LTD., 124 So. Del­
aware St., Indianapolis, IN 46204 (317) 631-
5514. 

CIRCLE 534 
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MICROCOMPUTER WITH MORE I 

$94.20* SINGLE BOARD COMPUTER 
6800 MPU, serial 1/0, parallel 1/0, RAM, EROM, 
44-pin 41h'' x 61h'' PCB. 
EXPANSION MODULES 
RAM, ROM, CMOS RAM/battery, analog 1/0, 
serial 1/0, parallel 1/0, counter/timer, 488 GPIB, 
EROM programmer, power fail detect/power 
on reset. *100 piece price, model MCL 11. 
WINTEK CORP., 1801 South Street, Lafayette, 
IN 47904; 317-742-8428. 

CIRCLE 535 

STD BUS PROTOTYPE PACKAGE I Heurikon MLZ-90A micro sports Z80A CPU, I 
The TRS-PROTO Package permits STD BUS on-card floppy controller, DMA, 73K on-card RECTIFIER BRIDGES 
Z80 Systems to be developed using a TRS-80 I addressable memory, 20 bit multibus com- New integral heat sink provides better heat 
for all editing, assembling, and bulk storage. It I patibility, memory mapping RAM, AM9511, transfer for higher current ratings at lower 
includes the Mostek CPU2 card and Debug I four 8 bit ports, four counter/timers, two I cost. UP 150 Series: 50A.; 1,000 A. surge; up 
O.S., and is available for $895 as shown I RS232 ports, dual baud rate generator and I to 600 PRV. FREE SAMPLES Outline your ap­
($1050 for 4.0 MHz). A full catalog of STD BUS XTAL, jumper selectable wait states, and plication on company stationery for free test 
products from Mostek and other manufactur- I monitor with CP/M bootstrap. samples. Use reader service number for 
ers is also available. I HEURIKON CORPORATION, 3001 Latham catalogs and prices. Buy from the specialist. 
Contact QC MICROSYSTEMS, 9861 Chartwell I Drive, Madison, Wisconsin 53713 (608) 271- EDI ELECTRONIC DEVICES 21 Gray Oaks 
Dr., Dallas, TX 75243, (214) 343-1282. I 8700 I Ave., Yonkers, N.Y. 10710. (914) 965-4400. 

CIRCLE 536 CIRCLE 537 TWX 710 560-0021. 
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ARTICLE REPRINTS 
Have you or a member of your company au­
thored an article in COMPUTER DESIGN? If 
you want to distribute it to your customers 
and prospects, reprints are available at 
reasonable cost. Minimum quantity is 500. 
You can incorporate the CD cover as well as 
your company ad if you wish, in b&w or full 
color. 
Contact COMPUTER DESIGN REPRINTS, 11 
Goldsmith Street, Littleton, MA 01460. (617) 

L~-~4!.-------c.!!!~~!... 

PRODUCT-SPECIFIER MAILING LISTS 
If you want to evaluate a product or the mar­
ket for it, why not send a questionnaire to the 
computer-based systems designers who will 
specify or approve it for purchase. We can 
provide the precise direct mail lists you need. I 
You can choose by nature of design work, na­
ture of organization, products specified, geo- I 
graphical area, etc. 
COMPUTER DESIGN DIRECT MAIL LISTS 11 
Goldsmith Street, Littleton, MA 01460 (617) 
486-8944. CIRCLE 540 -----------

SERIES 500: LOW-COST, ENTRY-LEVEL 
COMPUTER SYSTEM comprising 16-Bit I 
CPU, RTC, 64KB memory, disc controller, prin­
ter controller (parallel/serial) and CRT logic. 
Packaged on single board within video termi­
nal (24-line, 80-character). Asynchronous port 
for second CRT. Runs under IRIS, BITS, IOS, I 
BUS/COBOL operating systems. BYTRONIX, 
2701 E. Chapman, Fullerton, CA 92631. 
(714) 871-8763. 

CIRCLE 541 ---------
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Open 
For 
Business 
Bring on your forms, any forms. Whether you need to print on bank 
checks or multi part reports, standard pages or outsize sheets, our 
alphanumeric DMTP-8 impact form printer has a 50 character/line 
capacity, edge guide sensor and three open sides to take your work 
flow as it comes. Everything fits. And with the exceptionally long 
needle stroke, every message is crisp and clear - even on multiple 
copies from .003" to .015" thick. 

Work it hard. Work it long, even at high-volume POS jobs. With its 
heavy-duty construction and extra-long life dot matrix print head, 
the DMTP-8 is made to take it. Other advantages: programmable 
character pitch, and the long-haul economy of replaceable ink 
rollers and a self-reversing ribbon with a 10-million character life. 
And, of course, the price: just $269 in100's.Writeor call now for details. 

P A 
PRACTICAL 
AUTOMATION, INC. 

.._T_ra_p_F a_1_1s_R_o_a_d_._s_h_e_1t_o_n_. c_o_n_n ._o_6-48_4_/_T_e_I: _(2_0_3_) 9_2_9_--53_8_1 ... 
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GOOD CRT'S COME IN 
SMALL PACKAGES 

Who says a CRTterminal has to be big and bulky 
to do a good job? At Ann Arbor Terminals, 

we offer a full 15-inch screen and de­
tached keyboard as standard on all our 
desktop terminals. And the case is only 

14" wide by 15" high by 13.6" deep. 
We're known throughout the in­

dustry for our high quality and re­
liability. On top of this, we prob­

ably have the widest range of available options in the 
field. Display formats from 256 to 4800 characters. Foreign 

language character sets. Special command sets. Custom keyboards. Editing, 
protected fields and block transmit. 

And if your application doesn't lend itself to adesktopterminal, we offer display 
controllers (especially good in industrial environments) for use with free­
standing monitors. Or buy our terminal without the case and mount it in your 
own console. 

So when the CRT is the focal point of your system, why settle for a large case and 
small screen? You can have excellent readability without taking up a lot of room. 
And get the features you need. Call us for more information at Ann Arbor 
Terminals, Inc., 6175 Jackson Road, Ann Arbor, Michigan 48103. 
Tel: (313)663-8000. TWX: 810-223-6033. 
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CD SALES OFFICES 

HOME OFFICE 
V.P., Marketir~g 
Ronald W. Evans 
Direct Marketing Sales Mgr 
Maureen Sebastian 
Classified Advertising Mgr 
1 ohn G. French 
11 Goldsmith St. 
Littleton, MA 01640 
(617) 486-8944 

NEW ENGLAND AND 
UPSTATE NEW YORK 

Regional Sales Manager 
Gene Pritchard 
11 Goldsmith St. 
Littleton, MA 01460 

(617) 486-8944 

LONG ISLAND AND 
MIDDLE ATLANTIC 
STATES 

DICK BUSCH, INC 
Richard V. Busch 
6 Douglass Dr., R.D. #4 
Princeton, N. 1. 08540 
(201) 329-2424 

SOUTHEASTERN 
STATES 

DICK BUSCH, INC 
Richard V. Busch 
6 Douglass Dr., R.D. #4 
Princeton, N. 1. 08540 
(201) 329-2424 

MIDWESTERN 
S ATES 

BERRY CONNERS 
ASSOCIATES 
Berry Conner, 1 r. 
88 West Schiller St. 
Suite 2208 
Chicago, IL 60610 
(312) 266-0008 

WESTERN STATES 
AND TEXAS 

BUCKLEY /BORIS 
ASSOC., INC. 
Terry Buckley 
Tom Boris 
Rich Molden 
22136 Clarendon St. 
Woodland Hills, CA 91367 
(213) 999-5721 
(714) 957-2552 
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In this age of runaway inflation ... 

Look what $795 *will buy 

The ideal input device for the small 
system user. 

Available with stylus or optional cursor. 

Available with optional display. 

*U.S. Suggested retail price 

The HIP AD™ digitizer 
Inexpensive input to your computer 

The HIPAD™ digitizer can be used for both converting graphic information into 
digital values and as a menu. Utilizing either the stylus or the optional cursor, the 
operator can input graphic data into the computer by locating individual points on 
the digtizers 11" x 11" (28cm x 28cm) active area. In the "stream mode" a contin­
uance of placements of coordinate pairs may be input. 

Not a kit, the HIPAD™ comes complete with both RS-232C and parallel interfaces 
and has its own built-in power source. The origin is completely relocatable so coor­
dinates may be positive or negative for a true reference value and oversized mater­
ial may be input by simply resetting the origin . 

Accurate positional information, free form sketches, 
even keyboard simulation 

All can be entered using the multi-faceted HIPAD™ digitizer. Its capabilities and 
low price make the UL listed HIPAD™ a natural selection over keyboard entry, inac­
curate joysticks, or expensive approximating light pens . It 's perfect for inputting 
isometric drawings, schematics , X-rays , architectural drawings, business graphs, 
and many other forms of graphic information , as well as creating your own graphics. 

Use it with Apple II ™ , TRS-80 Level II TM , PET TM or other 
popular computers 

The HIPAD's™ built-in RS-232C and parallel 8 bit interfaces make it all 
possible. (For Apple II order DT-11A, for TRS-80 or PET order DT-11). 
Furthermore, you get English or metric scaling , data format (Binary/BCD/ASCII), 
selectable baud rates , and resolution of either .005 " or .01 " . 

For complete information contact Houston Instrument, One Houston Square, Austin, Texas 78753. 
(512)837-2820. For rush literature requests, outside Texas call toll free 1-800-531 -5205. For technical 
information ask for operator 15. In Europe contact Houston Instrument, Rochesterlaan 6, 8240 Gistel, 
Belgium. Telephone 059127-74-45. 

TM HIPAD is a trademark of Houston Instrument 
TRS-80 1s a trademark of Tandy Corporation 
APPLE is a trademark of Apple Computer Inc 
PET is a trademark of Commodore Business Machines, Inc . 

h o tr ent 
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• 

How can a graphics display system save 
software development time? 

By giving you everything you need to start applications 
programming. 

The Ramtek 9400 puts you in the picture fast. We've 
already solved your graphics problems in the 9400 so you can 
get your application on line without waiting for-or spending 
money on-needless systems software development. 

The 9400 puts you in total control. Monitor the situation 
in real time. Reduce an extremely large or complex picture 
for a quick look or enlarge portions of it for a closer one 
without distorting line thickness, texture or character size. 
At the same time, the 9400 automatically displays the appro­
priate detail so the picture is always clearly understood. 

Need to interact with the picture? Our exclusive entity 
detection feature lets you identify objects that are pointed out 
on the screen. Whether a single line or a complex object, let 
the 9400 find and identify them to the host computer. 

Need high resolution or fast response? The 9400 offers a 
wide range of resolutions up to 1280 X 1024 picture elements 
in full color. System throughput of over 16,000 vectors per 
second permits multi-channel operation without sacrificing 
response time. The bright TV-like picture makes it easy to use 
in normal room lighting. 

For more information on the 9400 and Ramtek monitors 
and accessories, write: Ramtek, 2211 Lawson Lane, Santa 
Clara, CA 95050. Or call your nearest Ramtek office. 

How much can graphics do? 
To find out more about the power of full 
color interactive graphics, request the booklet 
"SophisticatedGraphicsforControlSystems'.' 
It's Issue Number 3 of Ramtek's 
"USE OUR EXPERIENCE" Series. 

Ramtek 
Our Experience Shows. 

REGIONAL OFFICES: Santa Clara, CA (408) 988-2211 , Newport Beach, CA (714) 979-5351 , Seattle, WA (206) 838-5196, Albuquerque, NM 
(505) 884-3557, Dallas, T?< (214) 422-2200, Maitland, FL (305) 645-0780, Huntsville, AL (205) 837-7000, Chicago, IL (312) 397-2279, Cleveland, 
OH (216) 464-4053, Washington, DC (301) 656-0350, Metropolitan NY (201) 238-2090, Boston, MA (617) 273-4590, The Netherlands 31 2968 5056. 
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